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Aim. To identify and characterize the SARS-CoV-2 variants, collected upon the new wave of
COVID-19 outbreak in Ivano-Frankivs’k region of Ukraine, using the whole genome genotyp-
ing. Methods. The parallel whole genome sequencing was performed on the processed RNA,
isolated from nasopharyngeal swabs of 19 patients, using an Ion GeneStudio S5 Plus System.
Results. All the identified SARS-CoV-2 genotypes were referred to 20I/501Y.V1 clade, the
variant VUI202012/01 GRY (the B.1.1.7 lineage). In the analyzed virus variants forty-seven
various mutations were found. Besides the founder 20I/501Y.V1 missense mutations, several
unique alterations were detected, including those in the S- and N-proteins of SARS-CoV-2,
that might have clinical and epidemiological relevance. Conclusions. The current wave of the
COVID-19 outbreak in Ukraine is associated not only with seasonal fluctuations in the virus
transmission, but also with the emergence of more aggressive virulent variants, such as B.1.1.7,
which basically displaced previous strains and affects the younger population.
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Introduction

The coronavirus disease 2019 (COVID-19) drome coronavirus 2 (SARS-CoV-2) quite
pandemic is one of the most imperative prob- quickly became more virulent and aggressive
lems in the world for now. A virus, causing in the human population [1, 2]. These features
this disease, the severe acute respiratory syn- could be explained by the fact that SARS-
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CoV-2, being a positive-sense single stranded
RNA virus, demonstrates a high level of ge-
nome plasticity in the absence of the effective
mechanisms for correcting replication errors.
In other words, the sudden outbreak of the
COVID-19 pandemic is caused mainly by
mutated variants of SARS-CoV-2. The novel
mutations, most probably, resulted in more
aggressive clinical manifestation of COVID-19,
affecting groups of people that have not been
previously at high risk, such as young people
and children [3]. Additionally, the emergence
of new SARS-CoV-2 variants requires the cor-
rection of both, protocols of patient treatment
and assessment of the effectiveness of antivi-
ral drugs and vaccines [4, 5].

Since the beginning of the pandemic, strat-
egies for the monitoring of mutations in SARS-
CoV-2 were actively developed around the
world, to respond in a timely manner to the
emergence o new strains. These strategies in-
clude optimization of the regular partial
(Sanger) or whole genome (NGS, Nanopore,
etc.) sequencing to detect variants of the virus
in various groups of patients and mass-target-
ed testing (PCR, ELISA, etc.) of the population
for the known dangerous SARS-CoV-2 muta-
tions. Ukraine, being one of the largest coun-
tries in Central Europe with high population
mobility, is at the high epidemiological risk of
the COVID-19 pandemic. By mid-October
2020, a “British strain” (the B.1.1.7 lineage),
that caused the third wave of the COVID-19
outbreak in Europe, was dominant in neighbor-
ing countries.

The aim of the present study was to iden-
tify and characterize the SARS-CoV-2 vari-
ants, obtained from Ivano-Frankivs’k region
of Ukraine upon the new February 2021 wave
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of the COVID-19 outbreak, using whole ge-
nome genotyping.

Material and Methods

Patient samples. Nasopharyngeal swabs were
collected on February 22, 2021 from 17 pa-
tients in seven districts of Ivavo-Frankivs’k
region and two samples in Kyiv by the Center
for Public Health of the Ministry of Health of
Ukraine. Sampling was conducted in accor-
dance with the Helsinki declaration and ap-
proved by the Ministry of Health of Ukraine
in agreement with the Center for Public Health.
IMBG Ethical Approval Ne 2/23.03.2021. All
patients were hospitalized with acute respira-
tory symptoms and were positive for SARS-
CoV-2 by a specific qPCR test. The study
group was created of randomly selected 17
samples from Ivavo-Frankivs’k region (8 fe-
males and 9 males; 8 patients were younger
than 60 years old) and 2 samples from Kyiv
region (age and gender are unknown).
Isolation of the total RNA was performed,
using a Virus DNA/RNA isolation kit
(ZymoResearch, USA), according to the man-
ufacturer protocol. cDNA synthesis was car-
ried out with the use of SuperScript [V VILO
Master Mix (INVITROGEN, USA). The tar-
geted libraries for sequencing were prepared
with the help of the SARS-CoV-2 specific
primers pools 1 and 2 from an Ion AmpliSeq
SARS-CoV-2 Research Panel (Thermo Fisher
Scientific, USA), barcoded with an Ion
Xpress™ Barcode Adapters Kit and an Ion
AmpliSeq Library Kit 2.0 (Thermo Fisher
Scientific, USA), following the user guide
recommendations. The final concentration of
barcoded libraries was determined, using lon
Library TagMan™ Quantitation Kit (Thermo
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Fisher Scientific, USA). Barcoded libraries
were diluted and pooled equimolarly (140—
150 pM of each library). Emulsion PCR was
performed on One Touch 2 machine (Thermo
Fisher Scientific, USA), followed by enrich-
ment and loading onto the Ion S5 530 chip.
NGS was performed on Ion GeneStudio S5
Plus System, according to the manufacturer
protocols. Bioinformatic and statistical analy-
ses were conducted by a Torrent Suite
Software, using the SARS-CoV-2 Research
Plug-in Package v1.3.0 (Thermo Fisher
Scientific, USA). To assemble the SARS-
CoV-2 genome, a reference-based IRMA plu-
gin report was used. Additional analysis of
mutations of nucleotides and amino acids,
phylogeny and genomic epidemiology were
performed, using GISAID (www.gisaid.org)
and Nextstrain SARS-CoV-2 resources.

Results and Discussion

The obtained results of next generation se-
quencing of 19 samples, followed by the
GISAID analysis of the SARS-CoV-2 whole
genome, revealed that all analyzed samples
contained the “British variant” of the virus,
VUI202012/01 GRY (the B.1.1.7 lineage,
20I/501Y.V1 clade).

Noteworthy, 47 different missense muta-
tions were identified in the 19 sequenced ge-
nomes of SARS-CoV-2, in comparison with
the hCoV-19/Wuhan/WI1V04/2019 variant.
Besides the founder 201/501Y.V1 (EPI_
ISL 581117) mutations, several other unique
alterations were detected, including those in
the S- and N-proteins, that may be of clinical
and epidemiological importance. The muta-
tions, common with the B.1.1.7 variants, and
individual unique mutations are shown in

Table 1 in comparison with the reference
Wuhan coronavirus genome.

The most clinically relevant alteration in
the studied Ukrainian variants of the SARS-
CoV-2 genome is the N501Y mutation in the
Spike protein. At first, it was detected in Great
Britain more than one year ago [WHO. WHO
SARS-CoV-2 variant — United Kingdom of
Great Britain and Northern Ireland. https://
www.who.int/csr/don/21-december-2020-sars-
cov2-variantunited-kingdom/en (accessed
Dec 22, 2020)]. This mutation is associated
with an increased spread of transmission and
high contagiousness all over the world, affect-
ing the younger population more, than the
previous virus variants [6]. All the virus ge-
nomes of Ukrainian patients contained the
missense founder mutations in the Spike and
N proteins, common for the B.1.1.7 variants.
According to the GISAID data, the earliest full
genome sequence of the B.1.1.7 with a high
coverage was detected in United Kingdom (ID:
EPI ISL 581117). This sequence contains all
founder B.1.1.7 missense mutations and has
one unique substitution in the NSP9 protein
(Table 1). Of note, the EPI ISL 581117 ge-
nome does not contain yet the nonsense NS8
K68stop mutation, as well as 9 of Ukrainian
genomes. This mutation was found later in
sequences of the B.1.1.7 lineage.

We have to mention, that in British variant
and in 10 of Ukrainian samples there is an
earlier mutation G204R, in the 204 residue of
the N-protein. It seems that these genotypes
appeared earlier; hence, various minor muta-
tions could now be detected, such as P822L,
P153S, S1670F in NSP3; L75F in NSP5;
A225V in NSP14; T3071 and P621S in the
Spike protein and E106stop in NS8. Thus,
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NS8 K68stop is one of the later founder mu-
tations. Importantly, all Ukrainian virus ge-
nomes, that contained this mutation, had also
the G204P mutation in the N-protein. In the
GISAID database, 2 out of 55 Ukrainian virus
sequences with the K68stop mutation in the
NS8 protein also contained the G204R muta-
tion, that indicates their earlier origin com-
pared to the Ukrainian samples with a combi-
nation of mutations NS8 Ko68stop and N
G204P. Hence, Ukrainian SARS-Cov-2 ge-
nomes of the B.1.1.7 lineage could be divided
in two groups by the time of origin: “older”
genotypes (10 samples out of 19 with the N_
G204R mutation) and “younger” ones (9 re-

maining samples). In “younger” genomes an
additional set of the minor mutations was de-
tected (Table 1).

The results of the comparative phyloge-
netic analysis are presented in Figure 1. All
samples in the B.1.1.7 lineage contain more
than 30 mutations in a single virus genome.

For a more accurate analysis of the origin
of the detected virus genome variants, the
phylogenetic analysis was carried out, using
the Nextstrain resource. The following refer-
ence samples from GISAID database were
used:

1. Accession ID: EPI_ISL_S581117
(Founder of B1.1.7 lineage, Table 1);

Table 1. The missense mutations in the B.1.1.7 and Ukrainian variants of the SARS-CoV-2 genome,
in comparison with the reference genome hCoV-19/Wuhan/WIV04/2019

Sample Patient data

SARS-CoV-2 proteins with aa changes

number GISADID Gender| Age | NSP2 | NSP3 NSP5 NSP6 NSP9 NSP12 NSP13 NSP14 Spike protein NS3 NS7a NS8 N protein
H69del, V70del, DiL
201 T183I, A S106del, Y 144del, N501Y, Q27stop, R2031’<
501Y.V1 |EPI_ISL_581117 *** 890D, I1 G107del, | D78N! P323L A570D, D614G, R52I, G204R ‘S
B.1.1.7 ** 412T F108del P681H, T7161, Y73C 235F‘
S982A. D1118H
142627 EPI_ISL 1298474 F Un - P621S
142706 | EPI_ISL 1298480 M 70 - - - A225V -
142638 EPI_ISL 1298482 M 23 - P822L | L75F -
142660 | EPI ISL_1298481 F 67 - P153S -
142672 EPI_ISL 1298488 M 60 - S1670F -
142701 EPI_ISL 1298484 M 45 - T3071
142702 NA M 45 -
00008* NA Un | Un - N
142689 EPI_ISL 1298486 M 81 | T6341 - E106stop
142659 NA F 45 | gap gap E106stop -
142658 EPI_ISL 1298476 M 90 - - - K68stop | G204P
142662 | EPI_ISL_1298477 F 61 - - K84R - K68stop | G204P
142690 EPI_ISL 1298478 M 44 - L72F - - E16D | K68stop | G204P
142695 EPI_ISL 1298475 M 45 D226E S74P G38A K68stop | G204P
142692 EPI_ISL 1298479 F 62 - - - K68stop | G204P
142683 EPI_ISL 1298487 43 A861V T9121 G172C P30L, G204P
F - K68stop
142697 | EPI ISL 1298485 F 28 P807S K68stop | G204P
142670 EPI_ISL_1298483 F 87 - K68stop | G204P
00010* NA Un | Un K68stop | G204P

Notes: UN — unknown; gap — lack of nucleotide sequence; * — Kyiv samples; ** — common mutations for Ukrai-
nian samples and the B.1.1.7 lineage founder, *** — the founder B.1.1.7 genotype, collection date 2020-09-21;
Originating lab: Lighthouse Lab in Milton Keynes; Submitting lab: Wellcome Sanger Institute for the COVID-19
Genomics UK (COG-UK) consortium; Authors: The Lighthouse Lab in Milton Keynes and Alex Alderton, Roberto
Amato, Sonia Goncalves, Ewan Harrison, David K. Jackson, lan Johnston, Dominic Kwiatkowski, Cordelia Langford,
John Sillitoe on behalf of the Wellcome Sanger Institute COVID-19 Surveillance Team.
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2. Accession ID: EPI _ISL_ 741665
(Founder of genotypes with NS8 K68stop):
collection date: 2020; location: UK/England;
Originating lab: Centre for Enzyme Innovation,
University of Portsmouth / Translational
Research Laboratory, Portsmouth

Hospitals NHS Trust; Submitting lab:
COVID-19 Genomics UK (COG-UK)
Consortium; Authors: A. Beckett, Y. Bourgeois,
G. Scarlett, S. Glaysher, S. Elliott, K. Bicknell,
R. Impey, A. Lloyd, S. Wyllie, E. Butcher,
A. Chauhan, S. Robson;

3. Accession ID: EPI_ISL_1119202
(Founder of genotypes with NS8 K68stop+N
G204P):Collection date: 2020-11-09; location:
Switzerland / Bern; Originating lab: Viollier
AG; Submitting lab: Department of Biosystems
Science and Engineering, ETH Ziirich; Authors:
C. Chen, S. Nadeau, I. Topolsky, E. Dermitzakis,
K. Harshman, 1. Xenarios, H.i Pegeot,
L. Cerutti, D. Penet, P. Jablonski, L. Fuhrmann,
D. Dreifuss, K. Jahn, C. Beckmann, M. Redondo,
O. Kobel, C. Noppen, S. Seidel, N. S. de Souza,
N. Beerenwinkel, T. Stadler;

4. Accession ID: EPI_ISL._831663 (Close
to Ukraine more recent genotype with NS8
K68stop+G204P): Collection date: 2021-01-
12; location: Slovakia / Hurbanovo; Originating
lab: Institute of Virology, Biomedical Research
Center of the Slovak Academy of Sciences,
Bratislava; Submitting lab: Faculty of Natural
Sciences, Comenius University, Bratislava;
Authors: K. Borsovd, V. Cabanovd, B. Brejova,
V. Hodorova, S. F. Havlikova, J. Kopacek,
M. Lickova, L. Lukacikovd, M. Nebohdcova,
M. Slavikova, T. Vinar, B. Klempa, J. Nosek;

5. Accession ID: EPI _ISL 741706
(Founder of genotypes with NS8 E106stop):
Collection date: 2020; location: UK / England;

Originating lab: Centre for Enzyme Innovation,
University of Portsmouth / Translational
Research Laboratory, Portsmouth Hospitals
NHS Trust; Submitting lab: COVID-19
Genomics UK (COG-UK) Consortium;
Authors: A. Beckett, Y. Bourgeois, G. Scarlett,
S. Glaysher, S. Elliott, K. Bicknell, R. Impey,
A. Lloyd, S. Wyllie, E. Butcher, A. Chauhan,
S. Robson;

The phylogenetic analysis showed that
SARS-Cov-2 variants in the Ukrainian study
group have different origin. They could be
divided into two large clusters, with and with-
out the combination of mutational NS8
K68stop and N_G204P. These clusters could
be further sub-divided into smaller groups. In
the genome cluster bearing the combination of
NS8 K68stop and N_G204P mutations, three
samples belong to two different brunches.
Thus, the samples 142690 and 142692 have a
common ancestor (142670). This fact supports
our assumption that the B.1.1.7 variants were
circulating in Ukraine long enough to evolve
from the common “Ukrainian” ancestor.

In the second cluster, the sample 142689
forms a brunch with the reference variant EPI
ISL _741706. In both genomes there is the
NS8 E106stop mutation, which is also present
in the Ukrainian 142659 sample (this sequence
was omitted from the phylogenetic analysis,
due to several gaps in the NSP3 gene region).
Importantly, this mutation (NS8 E106stop)
was also present in the virus genome of the
595 B.1.1.7 lineage in GISAID, demonstrating
the origin different from other B.1.1.7 variants.

Summarizing, we suggest that in the end of
February 2021, the variants of the SARS-
CoV-2 of the B.1.1.7 lineage, that are different
by the origin and the time of occurrence, pre-
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Fig. 1. A — Genomic epidemiology of SARS-Cov-2 in Europe — a European phylogenetic tree till the end of February
(GISAID); the Ukrainian samples from current study are in ovals in red. B — A phylogenetic tree of the SARS-Cov-2
variants — global and current study focused subsampling: Ivano-Frankivs’k samples uploaded to GISAID are marked
in light grey (current study); not uploaded to GISAID samples are marked in orange (current study); reference samples

from GISAID are marked in other colors.
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vailed in Ukraine, although they were identi-
fied in Ukraine only in March 2021. Additio-
nally, we propose that the “British variants” of
the SARS-CoV-2 did not enter Ukraine at one
time, since they have the recurrent origin.

The data on the genome sequencing of
SARS-CoV-2 variants have been uploaded to
the GISAID database (www.gisaid.org).

Conclusions

We think that the current wave of the
COVID-19 outbreak in Ukraine is associated
not only with seasonal fluctuations in the virus
transmission, but also with the emergence of
more aggressive virulent types of the B.1.1.7
variant in our country, that have replaced pre-
vious strains and are affecting younger popu-
lation.

Based on the above, we suggest that the
introduction of regular monitoring of genomic
epidemiology of SARS-Cov-2 in Ukraine will
improve the effectiveness of the anti-epide-
miological measures and help to prevent new
waves of the COVID-19 epidemic.
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InenTudikanis Ta xapakrepucruka mramy B.1.1.7
SARS-CoV-2 npn HoBOMY cnajiaxy y jawotomy 2021
COVID-19 B Ykpaini

B. I. Kamry6a, H. B. I'pumenko, I'. B. I'epamenko,
H. C. Menpanuyk, T. B. Mapunmak,

C. 1O. YepnymuH, JI. M. Uepnenko, B. K. Jlsmiko,
3. 1O. Tkauyk, M. A. Tykano

Mera. BusiButu Ta oxapaxrepusyBaru mramu SARS-
CoV-2, 310pani mix yac HoBoi xBmii cnastaxy COVID-19
B IBaHO-@paHKiBCHKiH 00MacTi YkpaiHH, BAKOPHUCTOBYIO-
YM TOBHOT'C€HOMHE T'€HOTHITYBaHHs Bipycy. MeTtomau.
CekBeHyBaHHsI HOBOTO IIOKOJIIHHS BipyCHOTO T€HOMY TIpO-
Bow Ha TotainbHii PHK, Buaineniii 3 Ma3kiB HOCOIIIOT-
ku 19 martieHTiB, 3a gormomororo cucremu lonGeneStudio-
S5Plus. Pesynbrarn. Bcei ineHTHdiKOBaHI reHOTHUITN
SARS-CoV-2 Oymu BimaeceHi o kmacy 20I/501Y.V1,
Bapiant VUI202012/01GRY (uram B.1.1.7). B ananizo-
BaHMX BapiaHTax BipycCy OyIJI0 BUSBICHO COPOK CIM Pi3HHX
myTamniid. OKpiM MiCeHC-MyTalliid, XapaKTepHUX UL 3a-
cHoBHHKa 201/501Y.V1, Gyio BUSIBIEHO KijIbKa yHiKaJIb-
HUX 3MiH, y ToMy 4ncii B S- Ta N-Outkax SARS-CoV-2,
SIKI MOXKYTh MaTH KIIIHIYHY Ta €IiIeMiOJIOTidHy 3Ha4H-
MmicTe. BucHoBkm. CyuacHa xBuis cniasiaxy COVID-19 B
YkpaiHi ToB’si3aHa He TUIBKH 13 CE30HHUMH KOJIMBAHHAMH
repeaadi Bipycy, ajie i 3 OSBOIO OUTBII arpecHBHUX Bi-
PYJICHTHUX BapiaHTiB, Takux sk B.1.1.7, skuii B ocHO-
BHOMY BHTICHHUB IIOIIEPEHI IITaMH 1 37aT€H ypaKyBaTH
OLJIBIIT MOJIOAE HACEJICHHS.

Kawuosi caoBa: SARS-CoV-2, noBHOreHOMHE Te-
HOTHUITYBaHHSI, MyTaIlil
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UnenTudukanusi 1 XapaKTepUCTHKA IITAMMA
B.1.1.7 SARS-CoV-2 npu HOBOJi BCIIBIIIKE
B ¢eBpaJie 2021 COVID-19 B Ykpaune

B. 1. Kamy6a, H. B. I'pumienxo, A. B. T'epamenko,
H. C. Menpanuyk, T. B. Mapunmak,

C. 1O. YepnymuH, JI. H. Uepnenko, B. K. Jlsmixo,
3. 0. Tkauyk, M. A. Tykano

Iens. BeisaBuTh U oxapaxrepusoBarh mrammbl SARS-
CoV-2, coOpaHHBIE BO BpeMsI HOBOH BOJHBI BCIIBIIIKH
COVID-19 B UBano-®PpaHKOBCKOW 007acTH YKpawHEI,
HCIIOJIB3Yys MOJIHOTCHOMHOC I'€HOTUIIMPOBAHUC BUpYyCaA.
MeTtonbl. CeKBEeHIPOBaHIE HOBOTO ITOKOJIIEHHS BUPYCHO-
ro reHoMa nposoawin Ha TotanbHol PHK, BelnenenHoi
13 Ma3KOB HOCOIJIOTKH 19 MmaryeHToB, ¢ IOMOIIBIO CHUCTe-
Ml lonGeneStudioS5Plus. Pesyabrarel. Bee nnenrudu-
nupoBasble TeHOTATTE SARS-CoV-2 ObUTi OTHECEHBI K
wiaccy 201/501Y.V1, papuant VUI202012/01GRY (mrramm
B.1.1.7). B paccmarpuBaeMbIX BapHaHTaxX BUpyca ObLIO
0OHapy>KEHO COPOK CEMb Pa3IMYHBIX MyTanuii. Kpome
MHCCGHC-MyTaHHﬁ, XapaKTCpHbIX JiId OCHOBATCIIA
201/501Y.V1, 66110 0OHApY>KEHO HECKOIBKO YHUKAJIBHBIX
M3MEHEHHH, B ToM 4ncie B S- u N-Oeinkax SARS-CoV-2,
KOTOPBIC MOT'YT UMETH KIIMHUYCCKYTO U SITUJICMHOJIOTHYC-
CKYIO 3HaYUMOCTb. BeIBoabI. COBpeMeHHast BOJTHA BCTIBIII-
ku COVID-19 B Ykpaure cBsi3aHa HE TOIBKO C CE30HHBIMHU
KoJIeOaHHUsIMHU TIepeiavy BUPYCa, HO U C TIOSIBIICHHEM Ooriee
arpecCcHUBHBIX BUPYJIECHTHBIX BAPUAHTOB, TaKUX Kak B.1.1.7,
KOTOPBII B OCHOBHOM BBITECHHJI IIPEABIIYIIHE IITAMMBI 1
croco0eH nopaxarh 0oJiee MOJIOI0E HaceIeHueE.

Kawuesbie caoBa: SARS-CoV-2, moaHoreHoMHOe
FeHOTI/IHI/IpOBaHI/Ie, MyTaL[I/II/I
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