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CEKBEHC PHK BUPYCA COVID-19: KOPOTKHI1 OB30P

[MepBas crarbs no MmaccuBHOMY napaiutensHoMy PHK-cexBency Obina HanevaTtana simins B 2018 1., T.€. 3a 1Ba roza
JI0 HaJaJla KOpOHaBUpYCHOM manneMuu. llepBas ymoBieTBoputenbHas ctaThs o cekBeHcy COVID-19 mocrynuma
B penakimio Nature 3 despans 2020 r. u O6buta omy6nukoBaHa 12 mapra. B aT0i# crarbe coobmanocs o PHK-
CeKBEeHce mocieoBaTensHOCTH 13 29 903 HykiieoTH 0B 3TOr0 BUpyca. [InoHepckas cTaThs B )KypHallaX AMepHKaH-
CKOTO XMMHYECKOTO OOIIIECTBA Ha 3Ty TeMy (23 MapTa) mocBAIIeHa OyMaXKHBIM YUTIaM.

Ka. cn.: anamuruaeckoe npudopoctpoenue, PHK-cexsenc, COVID-19

NCTOPUYECKAS CIIPABKA

[anpemuss COVID-19 sBusiercss OecrnpeniefieHT-
HBIM COOBITHEM B HMCTOPHM YEIIOBEYECTBA, W €CIIH
B KHP, mo cooOmieHusiM npaBUTEILCTBA, €€ YAAIOCH
JUKBUIUPOBATH YK€ B KOHIE ¢eBpaisi, To B EBpone
n ocobenHo CIHA dwncino WHQHUIHPOBAHHBIX 3THUM
BHPYCOM IE€PEBATMIIO 332 MUJUIMOH.

[Ipoekr "T'eHom dyenmoBeka" oOomiencss HE MeHee
yeM B $§ 20 mupp, u ero riaBHOM 3aaadell ObLIO CO3-
JaHWe METOAMKH HICHTU(UKAIMKA JTHMYHOCTH 4epes3
JHK-cexBenc. B 2005 r. J. Rothberg u ero 56 coas-
TopoB noctpounu nepseiii JIHK-cexkBenatop u pas-
paboTanu NepBYI0 METOIUKY O MAacCHBHOMY Mapaji-
JIENIBHOMY CEKBEHCY HYKJIEHHOBBIX KuciaoT [1]. UHo-
r7ia STOT MPHUOOpP Ha3bIBAIOT KPYITHOMACINTAOHBIM Ma-
pajulenbHBIM — IHpocekBeHaTopoM  CebecTouMOoCTb
aroro npubopa cocrasmsuia § 500 ThIc.; cebecrou-
MOCTb peakTUBOB A cekBeHupoBanus JHK u3 muin-
JaroHa HyKJIeoTHIHBIX map — $ 100 teic.  PorGepr
Ha3zBan cBoM mmpocekBeHatop 454 Life Sciences,
B 2007 r. ¢dupma Roche mpuobpena meroauky
3a § 154.9 mnH, a npubop nox HazBBHHEM Roche-454
npousBoamics no 2016 r. Bmocmencreum PotGepr
aktuBHO yuyacTtBoBall B Neanderthal Genome Project.
IlepBoHavanbHO ObUIA CHETAHA IOMBITKA CEKBEHUPO-
Banus JIHK weangepransiia w3 mnemepsl Bunmms
B XOpBaTHH, HO M3-32 CHJILHOTO 3arpsi3HEHHUS 00pasia
OakTepusMHU TOMBITKA 3aKOHYWJIACh Heygaudeil. [o-
pa3no OoJiee yCIEUTHBIM OKa3ajcs CEeKBEHC HeaHJep-
TanblUeB U3 JleHncoBckoi neniepsl B COIOHEIEHCKOM
paiione Anraiickoro kpas.

MMPUBOPHO-AHAJIMTHYECKOE OBECIIEYEHUE
ITPOBJIEMBI

Roche Diagnostics (KoHHEKTHKYT) 3aHMMaeTCs
B IIEPBYK0 O4YEpelb MEAULMHCKON IUAarHOCTUKOM.
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B maprte 2020 r. 3Ta dupma oOBsSBHIA O CO3TAHUH
tecta Ha COVID-19, BeIIOIHIEMOro 3a 3.5 4. Bmiots
nmo ¢espais 2020 r. paspadorka PHK-cexBenaTtopos
HE SIBJISUIACh CTOJOOBBIM HAllpaBJICHUEM B aHAIHUTH-
YecKOM MPHOOPOCTPOECHUH, XOTSI U3BECTHBI IO MEHb-
uieil Mepe 1Be KOMIaHuM, KoTopble Bolyckanu PHK-
cekBeHatopel emie Ao snmpemuun COVID-19. Bo-
NEPBBIX, 3TO aHIJIO-aMepuKaHckas komnanus Oxford
Nanopore Technologies, pa3paboraBiias MacCUBHBIHI
napaienbHbli  PHK-cekBeHc He 1o31HEe KOHIA
2017 r. [2], BO-BTOpBIX, Kanu()OpHHUICKas KOMAHMS
[llumina Systems, ocaoBanHas B 1999 r.

Nmenno na mpubope Illumina Mini Seq aBTOpHI
paboThl [3] omnpenenuiIM MOCISAOBATEILHOCTh U3
29903 mnykneorugoB COVID-19 u Hamm creneHb
cxonctBa (89.1 %) c Bupycom SARS, mopazuBmmm
IOxuerit Kurtait B 2002-2003 rr. (ckonvaiiocs 774
yenoBeka). B Hacrosimee Bpems [llumina Beimyckaer
NovaSeq 6000, KOTOpBI TTO3BOJISICT AaHATH3UPOBATH
MakpomoutekyJssl kak PHK, tak u [JHK.

B pabote [4] BapuaHT CEKBEHUPOBAHHUS HE COO00-
maeTcs, HO 3aro cooOmaercs 00 HCHOIb30BaHUU
IILIP B peambHOM BpeMeHH. ABTOPHI 3TOM CTaTbU BBI-
JBUTAIOT THUIOTE3y O TEPBUYHOM 3apaXCHWH dYepe3
JIETy4uX MBI, KOTOPBIMHU, OKa3bIBACTCS, TOPTYIOT
Ha 300JI0TUYECKOM pbIHKEe YxaHd. HakoHen, crarbs
[5], TpeTks u mocnegHss MO paccMaTpUBaeMOU Tema-
TuKe 3a MapT—amnpens 2020 r., mocBsieHa Mepcrek-
THUBaM MCIIOJIb30BaHMs OyMaKHBIX YUIIOB.

COVID-19 wusyuaroT Bcero Tpu Mecsla, U HEHs-
BECTHO, HACKOJBKO JIETKO OH MYyTHpyeT. MeTmimpo-
Banue PHK — 3T0 3agaya, KoTOpoi HUKTO HE 3aHU-
MaJicd, XOTs dTa MpobiieMa MpPEeICTaBISETCS BITOJHE
pemaemoit. M3yuenne merunuposansbix JJHK u PHK
HaXOAWTCS B CTAaaUM HCCIIEAOBAaHUS, U TBEPIO H3-
BECTHO JIMIIb TO, YTO 3TO €/Ba JIU HE IJIaBHAs MPUYH-
Ha MyTalHil.

®upwma Illumina Systems cooOriaer, 4T0 CTONMOCTh
JUArHOCTUKM HA HOBBIH KOPOHAaBHPYC HayMHAETCS
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Yucao ceputok Ha ctaten mo COVID-19

q Yucao cChUIok
HCJIO CCBIJIOK 10
Howmep cratbn Wob of Sciences no Google
Scholar

1 5103 8960

2 180 302

3 136 641

4 329 1342

5 2 3

¢ $ 199 wu 3anumaer 5 u. Onpenencuue noanoit PHK-
nocienoBatenbHocTh (total RNA sequence) o6xonuT-
Cs1 HAMHOTO JIopoxe. B 3akirouenue npusenem B Ta0-
JHUIE YUCIO CCBUIOK Ha IMTUPYEMble CTaThH
(2 mas 2020 r.) mo Web of Sciences u Google Scholar.
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IIpocmoTtpensl Nature, Science u KypHainbsl Ame-
PHKAHCKOTO XUMHYECKOTO OOIecTBa 3a SHBapb—
anpens 2020 r. no cexkency PHK Bupyca COVID-19.
OnpejienieHHbIe  yCIIEXH JOCTUTHYTHI, HO B IEJIOM
npoOiieMa HE pelieHa H3-3a BO3MOJKHBIX MyTalMi
3TOr0 KOPOHABUPYCa.
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CURRENT STATE FOR RNA SEQUENCE OF COVID-19
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The epidemic of coronavirus COVID-19 started in Wuhan (China) in December 2019. By March 2020, the
Chinese government could suspend the new pandemic but tens of thousands of people outside China already got
sick of the new type of a severe acute respiratory syndrome. Pioneer articles on the sequence of COVID-19
were published in the Chinese scientific journals in January 2020. On March 12, 2020 Nature (London)
presented two comprehensive and free-of-charge papers on the RNA sequence of this virus.

We report in our short review the current state of the RNA sequence technique and its application to COVID-
19. Massive parallel DNA sequence was presented by Rothberg and his groop in 2005. The instrument was
named 454 Life Sciences. Through a decade, massive parallel sequence in nanopores has been invented. No lat-
er than 2017 similar instrument for the RNA sequence was created. It was the massively parallel sequence in
nanopores that was used by the Chinese scientists for COVID-19 study. Additionally, polymerase chain reaction
in real-time was performed. As a result, within three months the sequence of 29 303 nucleotides of COVID-19
has been detected. Modern sequencers are expensive instruments. For example, the cost of pyrosequenucer 454
Life Sciences was $ 500 000. For this reason, there is still no information about the difference between the Wu-
han, Moscow and American coronaviruses. Our results were obtained by study of Nature, Science, and journals
of the American Chemical Society.

Keywords: analytical instrumentation, RNA sequence, COVID-19

INSTRUMENTATION AND ANALYTICAL
SUPPORT OF THE PROBLEM

HISTORICAL REFERENCE

The pandemic of COVID-19 is an unprecedented
event in the history of mankind and if in China, ac-
cording to the government, it was eliminated at the

Roche Diagnostics (Connecticut) is engaged in
primarily medical diagnosis.

end of February, then in Europe and especially in the
United States, the number of people infected with this
virus exceeded a million.

The Human Genome project cost at least $20 bil-
lion, and its main task was to create a method for
identifying a person through a DNA sequence. In
2005, J. Rothberg and 56 co-authors developed the
first DNA sequencer and the first technique for a mas-
sive parallel nucleic acid sequence [1]. Sometimes this
device is called a large-scale parallel pyrosequener.
The cost of this device was $500 000; cost of rea-
gents for DNA sequencing from million of nucleo-
tide pairs — $100 000. Rothberg named his pyrose-
quencer 454 Life Sciences,

Roche acquired the methodology in 2007 for
$154.9 million, and the device under the name Roche-
454 was produced until 2016. Subsequently, Rothberg
actively participated in the Neanderthal Genome
Project. Initially, an attempt was made to sequence the
DNA of a Neanderthal from Windia Cave in Croatia,
but due to heavy contamination of the sample with
bacteria, the attempt ended in failure. The sequence of
Neanderthals from the Denisovskaya cave in the So-
loneshensky district of the Altai Territory turned out
to be much more successful.

In March 2020, this company announced the creation
of a test for COVID-19, performed in 3.5 hours. Until
February 2020, the development of RNA sequencers
was not a main direction in analytical instrument mak-
ing, although at least two companies are known that
produced RNA sequencers even before the COVID-19
epidemic. Firstly, it is the Anglo-American company
Oxford Nanopore Technologies, which developed a
massive parallel RNA sequence no later than the end

Number of references to articles by COVID-19

Number of links

I:}\rticle Number of links by by Google
umber Web of Sciences Scholar
1 5103 8960
b 180 302
3 136 641
4 329 1342
5 2 3
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of 2017 [2], and secondly, the California company
[llumina Systems, founded in 1999.

It was with the use of the Illumina Mini Seq that
the authors of [3] determined a sequence of 29903
nucleotides of COVID-19 and determined the degree
of similarity (89.1%) with the SARS virus that af-
fected South China in 2002-2003 (774 people died).
Currently, Illumina produces NovaSeq 6000, which
allows to analyze macromolecules of both RNA and
DNA.

In work [4], the sequencing option is not reported,
but real-time PCR is reported. The authors of this ar-
ticle hypothesize about primary infection through
bats, which, it turns out, are traded in the Wuhan zoo-
logical market. Finally, article [5], the third and last
on the topic under consideration for March-April
2020, is devoted to the prospects for the use of paper
chips.

COVID-19 has been studied for only three months,
and it is unknown how easy it is to mutate. RNA me-
thylation is a task that no one has been involved in,
although this problem seems quite solvable. The study
of methylated DNA and RNA is under investigation
and it is only firmly known that this is almost the
main cause of mutations.

[llumina Systems reports that diagnostics cost on
a novel coronavirus begins with $199 and that diag-
nostics take 5 h. Determination of the total RNA se-
quence is much more expensive. Finally, the table
shows the number of references to the articles cited
(May 2, 2020) by Web of Sciences and Google Scho-
lar.

CONCLUSIONS

Nature, Science and the journals of the American
Chemical Society issued in Jan-April, 2020 have been
looked through for the articles on the RNA sequence

of the COVID-19 virus. Some successes have been
achieved, but in general the problem has not been
solved due to possible mutations of this coronavirus.
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