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Abstract

The omicron variant was first detected in South Africa in November 2021 and has become the
most prevalent variant, with a correlation with variation in its Spike protein locus. Using bioin-
formatics methods and software, we analyzed the mutation sites of Spike protein with the Omi-
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cron variant and compared it with other coronaviruses to construct the phylogenetic tree. The re-
sults showed that the sequence of Spike protein with the Omicron variant is highly conserved. A
total of 26 mutation sites have been found in the Spike protein, among which K417N, Q493R,
N501Y, and Y505H may enhance virus infectivity. Sequence alignment showed that the omicron
variant had the highest identity with the Zeta variant, reaching 98.11%, followed by coronaviruses
such as Felinae and Primates, with 98.04% identity. The lowest identity is with the Lambda va-
riant, with an identity of 97.01%. This study will help to understand the function of the Spike pro-
tein of the Omicron variant and provide a theoretical basis for further research and screening of
new antiviral drug targeting Spike protein.
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1. 518
2019 & 12 A HBLAIH AL 6 IR 95 75 (Severe Acute Respiratory Syndrome Coronavirus 2, SARS-CoV-2,
FRT AT oL 7 7 ) S 5| & (1403 78 7 IR 97 753 M 4% (Coronavirus Disease 2019, COVID-19, faifk#rafiiz), o
TEARFRTEE N EELRENEL , MARBRAIL A N arfd Bt sl E R[] R 2R TR EL
SRR, AEAE FUET G20 B S TR BT A PR G . B A 42 (World Health Or-
ganization, fRiFX WHO)SE i it #dl, #RA b5 E 2022 45 5 H 30 H, 4Bk EIHEa R ii2 b
252,467,084 17, ZATFETIRHI 6,285,171 B[2] H7 ek 7 AL MU AL H8 1 R I AN A 2B 2R Sk, 77
FEARALHE Z%(Basic reproductive number, R Ro) S0 1 B R A8 SF 4%, 4 Alpha 28 54k, Beta 4% 53
Pk Gamma &tk Delta 285k, X 37 ek By 42 A5 v T A i B R MA[3]. 2021 4F 11 H 9 H T’k
TR E 1) Omicron (B.1.1.529)748 Sk, 7840 40— JE I (0] B BN B RS2 8 4 T WiH a8 bk, FFTHAH
26 H# WHO @V N m oty “RUIAE k7 [4]. BRT2ERA 150 2/~ 5 & X Al H Omicon 22
FEPR[S], AL IR OO BRI AR 7R [6]
£~ Omicron 78 5 ik 2 IR A% G P I = A8 574K, Delta A8 50K 1) Ro {E£40°4 5~8 [7], 1fi Omicron 7%
SRR Ro B AE ARGl A FT RE ik 10 [8]. WiAT Wi IBER R, Omicron A8 Ak LL Delta 48 R bk 5 5 T
fE3%, HAERREEIN =T Delta 22 4K [9]. WEREERIMF R, 2022 4F 2 MK, SEURTANEL
It 52 I B ATEE N, 3B Omicron A2 kAL IR IE A [10]. e d EEA VUM ES, 5>
MINFREHRIREAS £H). BEAM EH). ZREEAN E8) AEESE &H) [11]. L sEH
BA RN M SR TH I Rk R ARG 11 (FBIFR ACE2 ER )2 EH, HE52Rrttds, Nnns
S MR G B ThRE, AR08 M DI TR A R R O e e EIIRE J1[12]. S RS ACE2
ZAREERSER I UUE TR R G 7, Rt S R E MR ER A7 AR e 5 v A Gt DA O
[13]. Omicron 72\ ik i Ro B & = R R 2248 S ik, L S B AR ey sl S HRHIE A 78 A =
B X o ARIOFTE R Omicron A2 7KK S SR H A AL HEAT b, 5 HAL ARG RN S EERHTZ
AL e Rt em,  DAE IR A4 1% Omicron 22 50k S SR A THREMI AR, JFXTELEmEo. ik
IR S B IR A P00 5 2 R S BEAR AR
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2. M55 %
2.1. Omicron TEF#KI S ERFFIFKE

M NCBI (https://www.ncbi.nlm.nih.gov) T %k J5 4 %7 76 795 5 Wuhan-Hu-1 (NC_045512.2) S & H 2L
Fo 4 A% 7 41 . DL VR T BB ) Omicron 78 5 #1 fk (EPI_ISL_10204983) 4y 5, i i GISAID
(https://www.gisaid.org/) ¥ # P2 R % iz W 7 Bk B9 FE KA 8 .l it 4 B M s EMBOSS  Needle
(https://www.ebi.ac.uk/Tools/psa/emboss_needle/) 3k HX H S & A% H 87 41, @it 2k b W uh Expasy
(https://web.expasy.org/translate/) ¥ H &% ¥ AR LR T 41 o

2.2. Omicron TRk S EATRALATH

@ T4k _F Mk Nextclade (https://clades.nextstrain.org)% Omicron A8 4k S & (34748 A S 0¥, 3F
FIFAELE T H Phyre2 X} S & [ =R M TEIIME, i H PyMOL Xt 45 Rt AT v AL B, Frid %
FEARNT T E 2 (AL B .
2.3. FEFMERZLTRHNZFIILRT

M NGDC (https://ngdc.cncb.ac.cnincov/) %2 GISAID ¥i3EFE, T4 WHO AT 5 AN VOC 28
(Alpha, Beta, Gamma, Delta, Omicron) 1 7 4~ F4 = [ VOI 22 #(Epsilon, Zeta, Eta, Theta, Lota, Kappa, Lambda)
AR AT, %8 IR 2.0 FESRECH R R R S AT, K 12 Bk ep i SRR
Wuhan-Hu-1. . %9, M&. DR kIESE R EEn S & A4, M MEGALL #44-3H17 Z 741 LbXT
2.4. ARIBRFBHN ARG HLCRIEE

M NCBI Wk Hr 3R H K 5H (Neovison vison). iy j& (Panthera tigris). E#HJi(Panthera leo persica).
A fili(Mustela erminea). &>k ¥ % (Panthera tigris jacksoni). [ & & (Odocoileus virginianus). %%3¢ (Camelus)
W iE (Chiroptera). #%(Sus). 4-(Bovini). #k#2(Passer). #(Rabbit)2% 13 FhahWitiEd s S & H)F51,
-5 H73CH Alpha. Beta. Gamma. Delta. Omicron 5 Ff et i #8548 S ik, LA i(Felinae). #i(Canis lupus
familiaris). f#(Primates). K24 ki (Rhinolophus malayanus)ZE it R % 22 A1 Wuhan-Hu-1 3% 24 F 56k
FHH S EAFEY, FIH MEGALL ¥4 HaE M 1 R G HEAL B

3. KRENH
3.1. Omicron TH#% S EBERLR T
H4; E ™3k Nextclade b 4347 &7, Frik Omicron 28 F:bk S B 5 5 - & I Wuhan-Hu-1 FrifEEE

S F g g
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[ | = |
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Figure 1. The S protein mutation site of the SARS-COV-2 Omicron variant
1. #iE ™3 Omicron ERHKH S EATERUS
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Pk S B T HEXT, A 26 M R AR RAR, 430108 G142D. V213G, G339D. S371F. S373P. S375F.
T376A. D405N. R408. K417N. N440K. S477N. T478K. E484A. Q493R. Q498R. N501Y. Y505H.
D614G. H655Y. N679K. P681H. N764K. D796Y. Q954H. N969K (.14 1). Hrh 5 A\ ACE2 324k%h
B R RIS A G RBD X35, LR 30 16 N LB R AL A7 51, 43794 G339D . S371F . S373P. S375F
T376A. D405N. R408S. K417N. N440K. S477N. T478K. E484A. Q493R. Q498R. N501Y. Y505H.

3.2. Omicron TR S EA=FKLEM T

FIF#ELE T H Phyre2 X} Omicron A8 5k S & I =R 45T AU R 2, 7ESRAF I 45 S b R 2K pbd
XpE, ] PyMOL HEAT AT 0 M ARic H RBD X4k 32 BER AR s, ARSI 2. 15 2(a) Bon
i S1 AN S2 R ) =45, LK S1 R T RBD X3 (ZK () NTD X 38k (F7 ). 5] 2(b) i, 7E Omicron
A SRR S B2 RBD [XIRH 16 NEIEERAS F AL, KA17NL N440K ., T478K ., E484A. Q493R. Q498R.
N501Y. Y505H 3t 8 M IEBRN 5 N8 11 ACE2 45 A48 ELAE A o DRI B3R Avr 20 S5 A g 1 5itp
RSN ACE2 &5 A Re /), HEmiTR s,

R?D NTD

- S1

- S2

Figure 2. The tertiary structure of S protein and RBD mutation position with SARS-COV-2 Omicron variant;
(a) The tertiary structure model of Omicron variant’s S protein; (b) RBD mutation position of SARS-COV-2
Omicron variant

2. Omicron ZEFHREY S EH =R L1971 RBD XIBEERE M A EE; (2) Omicron TR S &
H=%&%H; (b) S EH RBD K EERT USRS REE

3.3. FEFMERBERENE FIIER

Xt 5 ANy VOC 42 Fh, 7 AN B VOI 48Rl , LUK 4 Fhah e m &R S AT Z FHtbxt, &6
T ESE LA 3. &R EIR, 17 FaiRWE S AT, B4 — SRR IRRIEF 1187 /N, 4 93.17%,
RS E AR TSR . Hrh 5 Omicron 28 24k S & 75— B0ME & 2 Zeta 78 bk,
P A — B A 98.11%; HR M. MRAIFERE S RAFS], A — BB N 98.04%; S5Hid
JpiEE Lambda 28 SRR UPE S AR, HP 81— BN 97.01%.

34. FEIERFEN S EHRGHUL ST

F 17 PSR SR TR 5 FPFE R R AR vk L SARS R FESL 24 PR FERD S EHEATZ T

BILEXt, FERFAREEME RGO, TR I 4. S50 ER, 183E. BRE. FE. WWiE. 4. RbL

J N SARS “RbRIFRER A2, HIEEA 100, WH AR EARERGE, " ERIET R —H k.
AZ& Omicron ZF5F#K(EPI_ISL_10204983). Gamma #F % #k(0U066503.1)LL K Beta #F 7 #k(MZ314998.1)
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Figure 3 Multiple sequence alignment composite map of different coronavirus S proteins
3 FEIBRHEN S EBZFIILEXESE

5 R ER P FE B A PR B R, T T X L e R FE R A T ) — 2

RESWTER, ARl WP T HRRE DR SRR R 5 DL AR E i Delta 48 5
PR(Z706155.1) N — 3, HRWR. B . M IR B8 DL S B -k B BB e 9 88 Wuhan-Hu-1
(NC_045512.2) 5 —3¢, FRZS R Ut R dpidb b vl Re 518 EMFEC, ERWiEE S ZERI RNA /7
AR S BAT BN R Z AL, 5 B S 1 S Ak AR AR B TR 25 A A e

58 NC_028752.1|Camel coronavirus
100 _:NC_D16992.1|Sparrow coronavirus
100 L KJ462462.1|Pig coronavirus
NC_009020.1|Pipistrellus bat coronavirus
NC_003045.1|Cattle coronavirus
N T:Nc_m?lm.m?abit coronavirus
NC_004718.3|Human coronavirus
EPI_ISL_10204983|Human coronavirus
0OU066503.1|Human coronavirus
36 MZ314998.1|Human coronavirus
37 — EPI_ISL_2930558|Dog coronavirus
100 L—— MZ053593.1|Human coronavirus
MW562285.1|Mink coronavirus
53 NC_045512.2|Human coronavirus
{ EPI_ISL_8207137|Monkey coronavirus
22 —EPI_ISL_8099231|Cat coronavirus
MT365033.1|Tiger coronavirus
* _SSEMT?M317.1IPamhera tigris coronavirus
MZ082987 .1|Ferret coronavirus
MZ413341 .1|Asiatic lion coronavirus
_5a|:EPI_ISL_1 699445|Malayan horseshoe bat coronavirus
MZ706155.1|Human coronavirus
93 OM181948.1|Panthera leo coronavirus
_55: 0OM570188.110docoileus virainianus coronavirus
VE: SARS EARIFER(NC_004718.3); 7K58 Neovison vison (MW562285.1): LKV jE Panthera tigris jacksoni
(MT365033.1); Vi Panthera leo persica (MZ413341.1); Jifi-¥ Panthera leo (OM181948.1); il Mustela
ermine (MZ082987.1); JiZ Panthera tigris (MT704317.1); & Odocoileus virginianus (OM570188.1); 4 Bovini
(NC 003045.1); 3%5¢ Camelus (NC_028752.1); Wi Pipistrellus (NC_009020.1); % Sus (KJ462462.1); FR+E
Passer (NC_016992.1); % Rabbit (NC_017083.1); Alpha 25 5#£(MZ053593.1); Beta & 7:#k(MZ314998.1);
Gamma 2554k (0U066503.1); Delta 7FF#k(Z706155.1); Omicron ZZ5FHR(EPI_ISL_10204983); 4 Felinae

(EPI_ISL_8099231); i Canis lupus familiaris (EPI_ISL_2930558); % Primates (EPI_ISL_8207137); k%
SkiE Rhinolophus malayanus (EPI_ISL_1699445); Wuhan-Hu-1 (NC_045512.2)
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Figure 4. Phylogenetic analysis of S proteins with different coronavirus
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4. 71ig

TR 98 A2 2 A [ P ph 2 K fe 52 TR A 3L TUAE A, SARS-CoV-2 R PuId f& 3 fis Je At N R 1)
A= i E L AR U (1 € [14] [15]. 2021 4F 11 A 8 kK IR Omicron A8 bk, AL Gl fE T He
FE R Ak, 1T ELZS 2 Lk R G B T O R[16] . S B R TR R N AR A R P % G E
[17], H S1 WPJ:H) RBD 45 & 386E 5 N\ ACE2 455, ThBl 58 o7 i A gk A\ 1 E4m i, gk imiskge A28,
BRI RBD X 48538 57 7 s 587 ek I B A% YL PR ik 55 25 DIAH 5 [18] [19] [20]. AHF5T s, Omicron 22 k5
JE 46 H7E 55 5 Wuhan-Hu-1 f#HEG, S BRI 26 NMEEEIR AL s, Horp 16 AN A7 567 T RBD X
. Shang Z5 i1 ¥ e 5 RBD X4 1) 417, 449, 487, 489, 493, 500. 501. 502. 505 4L 9 MNAE 5
5 ACE2 454 JIBEHE M [21], ARSI K417N. Q493R. N501Y. YS505H 4 ANAH [E] (1148 A7 A,
X HeAR Ty 5 AT BEIY SRET  EE 5 N ACE2 45 G hE 11, BETT R & 2RI YLtk [22] -

Omicron ZZ R 4 N ORBEAS A7 A0, N501Y A8 A pi | VZA77E T Alpha. Beta. Gamma %5 &f%
PR Stk 23] Frampton 25 A BT TE B, NSO 407 28 5 8 2 sl RS 25 52 R 485 6 I OGS B b ik B 22—
HE:25 RBD Ml ACE2 g5 & 1EH, 1 N501Y 28454455 T RBD Fl ACE2 (45 & oMl )1[24]. XIFESEHT
FLZEWI, NSOLY AR S 07 p5 BEI INoB ebmi 8 S & (6 P oE gl s2 AR s Al /g, R, riIESEE
[F AL R BT, NBOLY 2 5% 3 B VR S R AT o5, L PP e A T LR s 785 7 1P 4 3 Py e R
#[25]. Q493 fit5 S HE YLK LY-CoVbh5 ML & MM =AM e 11, 24 S EEE KA Q493R RAZ
B, 2SEOEN A SPUATIEE A EAEH 71, R Q493R RAGMKAIREZ LY-CoVb55 #bifk S84,
K417N RN E#S ACE2 #HHAEH, HHA B T& A 25 hACE2 4543].

5. &

LR LRIk, AHEFUN Omicron 225 bk S AR AL sl b AT 00T, 5 HAWH R B AL IR S R
FHEAT 2 S LT B R R GEdt A, A B TR T Omicron A2 54k S SR FINThRE, IR LML, I
WHEIE S H A KT PUR T 2 SR R R T .

EEWH
J7HRAE KA I 2RI H (S202010580047)

SE W

[11 %, B, TEm, 55 8% 50X (Omicron) 38 3 dk J H H ST B ERZ R[] DU R 2724k (BE 2 i),
2022, 53(2): 175-180.

[2] WHO (2022) Coronavirus (COVID-19) Dashboard. https://covid19.who.int

[B]1 RAR, Xk, XIR, BG4, AR E Omicron 8 MR VAT I AR E A BT 5L 0], o E2RHEE 2, 2022,
25(1): 14-19.

[4] WHO (2021) Classification of Omicron (B.1.1.529): SARS-CoV-2 Variant of Concern.
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern

[5] A&t Sk, (HE I g CA T R [EB/OL]. http://www.CRNTT.com, 2022-01-21.

[6] FHELHRREEHLLEL" BRRAERK, T — M5 K[EB/OL].
https://new.gq.com/omn/20220118/20220118A0BLND00.html, 2022-01-19.

[71 14 FEtRe NALN, BlRa L 1 e Yt Bl 50 I 4 /R 38 B3 4% 2 /6 4 [R1 352[EB/OL].
http://finance.sina.com.cn/tech/csj/2021-07-29/doc-ikqciyzk8293182.shtml#~:text, 2021-12-09.

[8] Burki, T.K. (2022) Omicron Variant and Booster COVID-19 Vaccines. The Lancet Respiratory Medicine, 10, E17.
https://www.thelancet.com/journals/lanres/article/P11S2213-2600(21)00559-2
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