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Abstract. The threat of human infection with coronavirus became known back in the 60s
of the last century. Since then, zoonotic coronavirus infection has spread among people and
there were two major epidemics at the beginning of the 21st century. The rate of human
infection with coronavirus infection spread rapidly and caused serious concern in the world.
Coronavirus infection has undergone various genetic changes over time, as a result, in 2019,
in Wuhan, China, coronavirus infection spread among people. Due to the widespread spread of
coronavirus infection in the world, WHO declared a pandemic on March 11, 2020. Coronavirus
infection SARS-CoV-2 has been registered in about 200 countries around the world and
has undergone various genetic changes over time. Due to genetic changes, a new strain of
coronavirus infection appeared in the UK in the autumn of 2020. To determine the genetic
changes of coronavirus infection and to study them, 65 pairs of primers were developed in
the Collective Use Laboratory to obtain the complete nucleotide sequence of the SARS-CoV-2
virus. Specific primers have been developed for the development of significant genes of the
SARS-CoV-2 virus. The developed primers allow us to obtain complete information about the
genes of SARS-CoV-2 viruses.

The presented primers can be used for identification and development of the complete
genome of the SARS-CoV-2 virus
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IIPAMTMEPJIEP CUHTE3I )KXOHE SARS-COV-2 BUPVChI B.1.1.7
(AJIb®A) HYCKACBIHbIH MAHBI3bI TEHOEPOIH OHOEY

AHHOTauma. AgaMHbIH KOPOHABUPYC XYKTbIPY Kayini eTKeH facbipablH, 60-XbingapbiHaa
6enrini 6onabl. ConaH 6epi 300HO34bl KOPOHABMPYCTLIK MHDEKUMS agamaapFa Tapanein, 21 fa-
CbIpAblH 6aCbIHAA €Ki yNKeH iHAeT 6onabl. AnamaapAblH, KOPOHABUPYCTbIK MHDEKLUMAHbI KYKTbI-
py KepceTKili Te3 Tapanabl XXaHe aneMae yakeH anaHaaywbsiibik Tyabipabl. KOpoOHaBUPYCTbIK
MHDEKLMS YaKbIT 6Te Kesle apTyp/i reHeTUKanbIK, e3repictepre ywbipaabl, HaTuxeciHge 2019
Xbinbl YXaHb K. KXP KOpOHaBMpPYCTbK, MHGpEKLUMS afaMaap apacbliHAa Tapangbl. onemae
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KOPOHABMPYCTbIK MHPEKUMAHBIH, KeH TapanybiHa 6annanbictel OOCY 2020 xbingbiH, 11 Hay-
pbi3biHAA NaHAeMus xapuanagbl. SARS-CoV-2 KopoHaBMpyCTbIK MHbeKLmachl anemMHiH 200-re
XYbIK €NiHAe TipKeNreH XaHe YakbIT eTe Kefie apTypAai reHeTUKanblK e3repictepre yLblpaabl.
leHeTuKanblk, e3repictepre 6annanbicTbl 2020 XbInablH, Ky3iHAe ¥nblbpuTaHMaaa KOPOHaBU-
PYCTbIK, MHPEKUMAHBIH, )XaHa WTaMMbl nanaa 6onabl. KOpoHaBMpPYCTbiK MHDEKUMSHBIH, reHe-
TUKaNbIK ©3repyiH aHblKTay XXaHe onapAbl aXblpaTy yWiH 6i34iH 3epTxaHaja reHoOMAbIK, TO-
NbIK, CUKBEHC Xacay YwWiH 65 xyn npavmep xacanbiHabl. SARS-CoV-2 BUPYCbIHbIH, MaHbI3abl
reHaepiH eHaeyre apHanafaH apHambl NparMMepnep xacangbl. 93ipneHreH npanMepnep SARS-
CoV-2 BMpyCTapbIHbIH reHaepi Typanbl TONbIK aknapaT anyfa MyMKiHAiIK 6epeai.

¥YcbiHbinFaH npanmepnepai SARS-CoV-2 BUPYCbIHbIH, TOMbIK FEHOMbIH aHbIKTaY XX9HEe UOEHTU-
duKaumsanay ywiH nanganaHyra 6onagpbl

KinTt cespep: SARS-CoV-2, mytaums, MTP.
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CHUHTE3 IIPAMIMEPOB U HAPABOTKA 3HAYHMBbIX 'EHOB
B.1.1.7 (AJIb®A) BAPHUAHTA BUPVCA SARS-COV-2

AHHOTauma. Yrpo3a 3apaXkeHusi YenoBeka KOPOHABMPYCOM CTana M3BecTHa ewe B 60-x ro-
fax npownoro Beka. C Tex nop 300HO3HAas KOPOHABMPYCHas MHMEKLMS pacnpoCcTpaHUIach
cpenm ntoaen u B Havane 21-ro Beka 6b110 ABe KpynHble annaeMun. NokasaTteNb 3apaxeHus
Noaen KOPoOHaBUPYCHOM MHGeKLMeN BbICTPO pacnpoCTPaHMACS M BbI3BaN CEpbe3HY0 06ecno-
KOEHHOCTb B MMpe. KopoHaBMpyCHas MHDEKLMS CO BpEMEHEM NpeTepnenia pa3inyHble reHeTu-
yeckue usmeHeHus, B pesynbtate B 2019 roay B ropoae YxaHb, KHP kopoHaBupycHas nHdek-
UMa pacnpocTpaHunacek cpegm nogen. M3-3a Wwmpokoro pacnpocTpaHeHUss KOPOHABUPYCHOWM
nHdekunn B Mmpe BO3 obbsiBuna nanaemuto 11 mapta 2020 roga. KopoHaBupycHas nHdek-
umnst SARS-CoV-2 3apernctpupoBaHa okono B 200 ctpaHax Mupa 1 CO BpeMeHeM npeTtepnena
pasfiMyHble reHeTUYeCcKne U3MeHeHus. M3-3a reHeTMYeckmMx M3mMeHeHun B BennkobputaHum
oceHbto 2020 rofa nosiBUNACA HOBbIA LUTAaMM KOPOHAaBUPYCHOW WMHbekumu. [lnga onpepene-
HWUS TEHETUYECKMX U3MEHEHUN KOPOHABMPYCHOM MHMDEKLUMM U ONS UX Pa3fIMYEHUs], B HaLLEW
nabopatopum 6bi10 paspabotaHo 65 nap npariMepoB ANS NOJyYeHMS MOJIHOMO F€HOMHOro
cukBeHca. PaspaboTtaHbl cneumanbHbie npanMepbl Ans HapaboTKM 3HAYMMBbIX FEHOB BMpYCa
SARS-CoV-2. PaspaboTtaHHbie npariMepbl NO3BOJIAT MNONYUYMTb NOSIHYHO MHAOOPMALMIO O reHax
BupycoB SARS-CoV-2.

MpenctaBneHHble NpanMepbl MOXHO MCMONb30BaTh B LENSIX MAeHTUdMKALUUKM U HapaboTku
nonHoro reHoma Bupyca SARS-CoV-2.

KnioueBble cnoBa: SARS-CoV-2, myTtaums, MNLUP.

Introduction. Coronaviruses are a zoonotic and well-studied group of single-stranded RNA
viruses of the Coronaviridae family. Coronaviruses (family Coronaviridae) are round enveloped
virions with a diameter of 80-220 nm, which contain a single-stranded (+) RNA genome with
a size of about 26-32 tn [1].

Since the late 1960s, coronaviruses have been detected in people with mild cold-related
symptoms as a causative agent of respiratory diseases [1,2]. Currently, seven different strains
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of coronavirus have been described. Of these, 4 coronavirus infections occur in the upper
respiratory tract and are characterized by mild symptoms, the remaining 3 coronavirus
infections infect the lower respiratory tract and affect a person in severe form, which include:
SARS-CoV (Severe acute respiratory syndrome), MERS-CoV (Middle East respiratory syndrome) and
SARS-CoV-2 (COVID-19) [3].

In December 2019, a new coronavirus called severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) was discovered in Wuhan, China and caused an epidemic in this area [4].
Due to the spread of coronavirus infection in the world on March 11, 2020, the World
Health Organization (WHO) declared COVID-19 a pandemic [5]. As of January 20, a total of
332617707 confirmed cases were registered, resulting in 5551314 deaths. According to
WHO data, a total of 1169932 cases, 18338 cases with a fatal outcome have been registered
in Kazakhstan to date [6].

All viruses, including SARS-CoV-2 causing COVID-19, undergo genetic changes over
time. One of the strains that have undergone genetic changes of COVID-19 is considered
to be variant Alpha B.1.1.7 of the SARS-CoV-2Z virus [7]. On May 31, 2021, WHO officially
announced the renaming of the British strain to “alpha” [8, 9]. According to WHO, the Alpha
coronavirus strain appeared in the UK in September last year. The alpha variant of the
coronavirus has an unusually large number of genetic changes, especially in the Spike
protein that the virus uses when attaching to cells [10]. Three of these mutations have
potential biological meanings. These mutations in Spike protein include N501Y, P681H and
deletions H69-V70, Y144/145 [11].

Timely accurate diagnosis of infectious diseases occupies an important place in molecular
genetic research. In this study, we present a detailed method for developing the complete
genome of the Alpha strain of the SARS-CoV-2 coronavirus.

Materials and methods. Clinical samples were obtained from the branch of the Scientific
and Practical Center for Sanitary and Epidemiological Expertise and Monitoring of the RSE at
the National Center for Public Health of the Ministry of Health of the Republic of Kazakhstan.

Extraction of nucleic acids. Viral RNA was extracted from 140 pl of the sample using Q/Aamp
Viral mini kits (Qiagen, Germany) in accordance with the manufacturer’s instructions.

Synthesize first - strand ¢cDNA. The reaction was carried out in a Mastercycler X50s
thermocycler. RT-PCR was performed as follows: 5 pl of extracted RNA was amplified using
SuperScript VILO ¢cDNA Synthesis Kit and the RT-PCR program was performed under the
conditions: 25°C for 10 min; 42°C for 60 min; 85°C for 5 min.

PCR analysis. Amplification was performed in a Mastercycler X50s thermocycler using a
Platinum™ SuperFi™ PCR Master Mix (Invitrogen ™ ). The master mix of 25 pl, 2X Platinum ™
SuperFi ™ PCR Master Mix- 12,5 pl, 10 uM forward primer — 1,25 ul, 10 uM reverse primer -
1,25 ul, 5X SuperFi ™ GC Enhancer - 5 ul, H,0 - 2 pl, cDNA - 3 ul. PCR was performed under
the conditions given in Table 1.

Table 1 - Procedure details

Initial denaturation 95°C 30 cek 1
Denature 95°C 10 cex

Anneal 55°C 30 cex 35
Extend 72°C 30 cex

Final extension 72°C-5 MuH 1

4°C ©

The following oligonucleotide primers were used for PCR (Table 2):
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Table 2 - Developed primers for sequencing the complete genome
of the Alpha strain of the SARS - CoV-2 coronavirus.

Ne Gene Position Sequence (5->3’)
1 16-36 Forward primer CTTCCCAGGTAACAAACCAAC
639-620 Reverse primer TTACGAAGAAGAACCTTGCG
7 111-130 Forward primer TTAGTGCACTCACGCAGTAT
842-823 Reverse primer GGCCACAGAAGTTGTTATCG
3 767-786 Forward primer GGTGTTACCCGTGAACTCAT
1467-1448 Reverse primer CCACCCTTACGAAGAATGGT
4 1405-1424 Forward primer TGAGCATAGTCTTGCCGAAT
2076-2057 Reverse primer CCACCTGTAATGTAGGCCAT
5 1905-1924 Forward primer TTTTCTCCCGCACTCTTGAA
2643-2624 Reverse primer ATTTCGAGCAACATAAGCCC
6 2589-2608 Forward primer AAGCTCCATTGGTTGGTACA
3262-3243 Reverse primer TGTCTGATTGTCCTCACTGC
7 2872-2891 Forward primer TGAGTTCGCCTGTGTTGTGG
3622-3603 Reverse primer GCCGACAACATGAAGACAGT
8 3429-3450 Forward primer CAGTGGTTGTTAATGCAGCCAA
4200-4180 Reverse primer ATTTCAGTAGTGCCACCAGCC
9 3724-3744 Forward primer TTTTGGTGCTGACCCTATACA
4401-4382 Reverse primer AGCATTTCTCGCAAATTCCA
10 4281-4300 Forward primer TAGAGGAGGCAAAGACAGTG
4909-4890 Reverse primer ACCATCTAGGTGGAATGTGG
11 4773-4792 Forward primer AAACCATCTCACTTGCTGGT
5522-5503 Reverse primer TACACACCACGTTCAAGACT
12 5378-5398 Forward primer GGTGAAGCTGCTAACTTTTGT
6038-6019 Reverse primer AGCTTGCGTTTGGATATGGT
13 5811-5832 Forward primer ACGGTGCTTTACTTACAAAGTC
6558-6539 Reverse primer GCAGCCATTAGATCTGTGTG
14 6372-6391 Forward pr.imer TGGATAATCTTGCCTGCGAA
ORF1a 7119-7100 Reverse primer GAACCAGTACAGTAGGTTGC
15 7005-7024 Forward primer CCGCTGCTTTAGGTGTTTTA
7691-7672 Reverse primer GTAGTGACAAGTCTCTCGCA
16 7456-7475 Forward primer TGTGCATGTTGTAGACGGTT
8196-8177 Reverse primer GAATCAACAAACCCTTGCCG
17 8013-8032 Forward primer GTGCGGAAGTTGCAGTTAAA
8715-8696 Reverse primer GTGACACCACCATCAATAGC
18 8534-8554 Forward primer AAGATAGCACTTAAGGGTGGT
9142-9123 Reverse primer GCCATCCATGAGCACATAAC
19 8808-8827 Forward primer ACAAAGCTTGCCCATTGATT
9427-9407 Reverse primer AGCTACAATACCACCAGCTAC
20 9305-9325 Forward primer TTACCAGGAGTTTTCTGTGGT
10037-10018 Reverse primer TGATAGAGGTTTGTGGTGGT
21 9647-9667 Forward primer TGGATGGTTATGT TCACACCT
10350-10331 Reverse primer GGTGTCTTAGGATTGGCTGT
27 10169-10188 Forward primer CCAAGACATGTGATCTGCAC
10851-10831 Reverse primer GCACACATATCTAAAACGGCA
23 10666-10685 Forward primer TTTAGCTTGGTTGTACGCTG
11388-11369 Reverse primer ACTCTCCTAGCACCATCATC
24 11226-11245 Forward primer ATATGCCTGCTAGTTGGGTG
11948-11929 Reverse primer GTAACTGGACACATTGAGCC
25 11792-11811 Forward primer AAATTGTTGGGTGTTGGTGG
12438-12419 Reverse primer GGAACACAACCATCTCTTGC
26 12130-12149 Forward primer AGCTTTTGCTACTGCTCAAG
12799-12780 Reverse primer ACCTCCCTTTGTTGTGTTGT
27 12460-12479 Forward primer AACAGCAGCCAAACTAATGG
13181-13162 Reverse primer GACCAGTACCAGTGTGTGTA
)8 12891-12910 Forward primer TGGAACCACCTTGTAGGTTT
13542-13523 Reverse primer AGCCCTGTATACGACATCAG
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29 13341-13360 Forward primer ACCCTGTGGGTTTTACACTT
14046-14027 Reverse primer AACAATACCAGCATTTCGCA
20 13963-13982 Forward primer TACGCCAACTTAGGTGAACG
14601-14582 Reverse primer TAGATTACCAGAAGCAGCGT
71 14478-14497 Forward primer CCACTTCAGAGAGCTAGGTG
15190-15171 Reverse primer CTCTAGTGGCGGCTATTGAT
77 14913-14932 Forward primer CCAAGTCATCGTCAACAACC
15556-15537 Reverse primer CATTAACATTGGCCGTGACA
33 15372-15391 Forward primer GTGTTGTAGCTTGTCACACC
16030-16011 Reverse primer TAGCTAAAGACACGAACCGT
24 15834-15853 Forward primer ATGTTGGACTGAGACTGACC
16502-16483 Reverse primer ACTTGTCCATTAGCACACAA
35 16374-16393 Forward primer TCCGTATGTTTGCAATGCTC
17085-17066 Reverse primer TGGTCCCTGGAGTGTAGAAT
26 16743-16762 Forward primer TGGTAAACCTAGACCACCAC
17492-17473 Reverse primer GGTTCTAGTGTGCCCTTAGT
37 17386-17405 Forward pr('mer TTGAGTGTTGTCAATGCCAG
ORF1b 18043-18024 Reverse primer CAGCTTGTAAAGTTGCCACA
28 17832-17851 Forward primer TGTTGATTCATCACAGGGCT
18463-18444 Reverse primer GCGGTGGTTTAGCACTAACT
29 18314-18333 Forward primer AGGGGTGTCATGCTACTAGA
18917-18898 Reverse primer GTCCAGTCAACACGCTTAAC
40 18695-18714 Forward primer CTGCTTCAGACACTTATGCC
19334-19315 Reverse primer TCAAAAGCTGGTGTGTGGAA
41 19088-19107 Forward primer TCTATGATGCACAGCCTTGT
19799-19780 Reverse primer TTAGCCCAAAGCTCAAATGC
47 19466-19485 Forward primer GTTGCAATTTAGGTGGTGCT
20095-20076 Reverse primer GTTTGGGACCTACAGATGGT
43 19840-19859 Forward primer AATTTGGGTGTGGACATTGC
20482-20464 Reverse primer ATGAACCTGTTTGCGCATC
44 20077-20096 Forward primer CCATCTGTAGGTCCCAAACA
20676-20657 Reverse primer TTGCCACGCTTGACTAGATT
45 20456-20475 Forward primer TCATAACAGATGCGCAAACA
20166-21147 Reverse primer TTATAGCCACGGAACCTCCA
46 20907-20927 Forward primer TGTTTTAAGACAGTGGTTGCC
21644-21625 Reverse primer ATGCAGGGGGTAATTGAGTT
47 21300-21319 Forward primer ACCACGCGAACAAATAGATG
21921-21901 Reverse primer ACAATAAGTAGGGACTGGGTC
48 21765-21785 Forward primer TACATGTCTCTGGGACCAATG
22440-22421 Reverse primer AGTGCACAGTCTACAGCATC
49 22345-223%64 Forward primer TGCTGCAGCTTATTATGTGG
23006-22987 Reverse primer CATTACAAGGTGTGCTACCG
50 22849-22868 Forward primer TACAGGCTGCGTTATAGCTT
S 23465-23446 Reverse primer CACGCCAAGTAGGAGTAAGT
51 23193-23212 Forward primer ATGGTTTAACAGGCACAGGT
23914-23894 Reverse primer TTGTGCAAAAACTTCTTGGGT
59 23498-23517 Forward primer CGTGCAGGCTGTTTAATAGG
24226-24207 Reverse primer AAAGGTCCAACCAGAAGTGA
53 23851-23870 Forward primer AAACCGTGCTTTAACTGGAA
24571-24552 Reverse primer ACTTTGAAGTCTGCCTGTGA
54 24189-24208 Forward primer CACTGTTAGCGGGTACAATC
24853-24833 Reverse primer TGAAACAAAGACACCTTCACG
55 24756-24775 Forward primer TGACTTATGTCCCTGCACAA
25487-25468 Reverse primer GTAGCGCGAACAAAATCTGA
56 24925-24945 Forward primer TGTGTCTIGGTAACTGTGATGT
ORF3a 25611-25592 Reverse primer GAGTGCTAGTTGCCATCICT
57 25493-25512 Forward primer CGATACCGATACAAGCCTCA
26147-26128 Reverse primer GAACCGTCGATTGTGTGAAT
58 25790-25809 Forward primer GCCGTTCCAAAAACCCATTA
26533-26514 Reverse primer GAACCTGCCATGGCTAAAAT
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59 E 26200-26219 Forward primer ACTACTAGCGTGCCTTTGTA
26922-26903 Reverse primer GAAGCGGTCTGGTCAGAATA
60 M 26795-26814 Forward primer GTGGCTCAGCTACTTCATTG
27530-27511 Reverse primer AATGGTGAATTGCCCTCGTA

28288-28307 Forward primer ACCCCAAAATCAGCGAAATG
29015-28996 Reverse primer TAGTGACAGTTTGGCCTTGT

29126-29145 Forward primer AATTTTGGGGACCAGGAACT
29786-29767 Reverse primer CAGCTCTCCCTAGCATTGTT

Horizontal gel electrophoresis was performed in 1.5% agarose solution (Sigma, USA),
stained with ethidium bromide, in a tris-acetate buffer at a voltage of 100 V/ cm of gel length,
for 30 minutes with further detection on a MiniBIS Pro transilluminator (Israel). Visualization
and documentation of the results of gel electrophoresis was carried out using the “GelCapture”
program.

Results and discussion. This study is based on the use of special primers covering the entire
genome of the Alpha strain of the SARS - CoV-2 coronavirus to develop amplified fragments
of the nucleotide sequence. To achieve the goal of the work, 65 pairs of specific primers were
developed (Table 2) in accordance with the GenBank reference sequence: MN908947.3 [12].
The location of the SARS - CoV-2 coronavirus genes is shown below (Figure 1).

0 5000 10000 15000 20000 25000 30000 ncl
| 1 T B | L1 | 1 R R | T R T | TR B | 1 L 1 |
E ORF6
ORF1b ORF3a | |ORF7a
ORFla _ s - . N

L |
ORFla 266-13468 4401 aa ORF8 ORF10
ORF1b 13468-21555 2696 aa

s 21563-25384 1273 aa
ORF3A 25393-26220 275aa Wuhan-Hu-1 (GenBank MN908947.3)
B 26245-26472  75aa

M 26523-27191 222 aa
ORF6  27202-27387 6laa
ORF7a 27394-27759 12laa
ORF8  27894-28259 12l1aa

N 28274-29533 419 aa
Ne8 ORF10 29558-20674  38aa
2021

Figure 1 - Organization of the SARS-CoV-2 coronavirus genome
(https://www.ncbi.nlm.nih.gov/nuccore/MN908947)

The SARS-CoV-2 coronavirus genes were developed using specific primers. The developed
PCR products are shown in Figures 2 and 3.
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Figure 2 - Electrophoregram of PCR products of fragments of the ORF1a
and ORF1b genes of the Alpha strain of the SARS-CoV-2 coronavirus

__————_—*—

Figure 3 — Electrophoregram of PCR products of fragments of genes S,
ORF3a, E, M, ORF6, ORF7a, ORF8, N and ORF10 of the Alpha
strain of the SARS-CoV-2 coronavirus

As can be seen from Figures 2 and 3, PCR products of all the genes of the SARS-CoV-2 virus
were developed as ORF1a, ORF1b, ORF3a, E, M, ORF6, ORF7a, ORF8, N and ORF10. As a result
of the studies in Figure 2, they were amplified with primers (Tab.2) the ORFl1a and ORF1b
genes of the Alpha strain of the SARS-CoV-2 coronavirus. Figure 3 shows the accumulated
PCR products of the genes S, ORF3a, E, M, ORF6, ORF7a, ORF8, N and ORF10 of the Alpha strain
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of the SARS-CoV-2 coronavirus. As a result of the work carried out, PCR products of the above-
mentioned genes of the Alpha variant of the SARS-CoV-2 coronavirus have been developed,
which are prepared for full-genome sequencing.

Conclusion. Coronaviruses are a well-studied group of single-stranded (+) RNA viruses
of the Coronaviridae family. The facts of human infection with coronavirus have become
known since the 60s of the last century. Before the global SARS-CoV-2 pandemic, there was
an epidemic of 2 coronavirus cases worldwide: SARS-CoV (severe acute respiratory syndrome)
and MERS-CoV (Middle East respiratory syndrome). According to WHO, a total of 332617707
cases, 5551314 cases of death have been registered in the world today.

The molecular genetic study of the MERS-CoV-2 coronavirus is an important measure for
assessing the prevalence of the disease and analyzing genomic mutations. As a result of
such studies, a new strain of coronavirus was identified in the UK in the autumn of 2020.
Depending on the place of origin, this strain has been called the British strain. On May 31,
2021, WHO assigned the name “alpha” to this strain. Using PCR, the genes of the Alpha strain
of the MERS-CoV-2 coronavirus were developed using specially developed primers. In the
future, as a result of these works, full-genome sequencing of the Alpha strain of the SARS-
CoV-2 coronavirus is expected.
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