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Design and implementation of SARS-CoV-2 variation spatio-temporal analysis system

LI Jianxun* , LI Xin", XIE Kang”, XU Dechen”, LI Jie ™
( Bioinformatics Research Center, School of Computer Science and Technology, Harbin Institute of Technology ,Harbin 150001, China)

Abstract ; Coronavirus disease 2019 ( COVID-19) has now entered a global pandemic state, and outbreaks have
occurred in many countries. The latest research findings on the new crown published by the US Centers for Disease
Control and Prevention (US CDC) journal “Emerging Infectious Diseases” show that the median number of SARS-
Cov-2’s basic reproduction number is as high as 5.7, which means that COVID-19 may be among the population in
the future and continue to spread and mutate. How to monitor the variation of the virus is of great significance for
the research of coronavirus and drug development. In this paper, based on the virus sequence data from GISAID,
we designed and implemented a SARS-CoV-2 variationspatio—temporal analysis system. The system can count the
number of SARS-CoV-2 sequences from different countries and regions, analyze and visualize the variation of virus
sequences at different times and in different spaces, and also supports the alignment of different virus sequences.
The system provides support for the research of COVID-19 and the decision-making of government disease control
agencies.
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Fig.2 Visualization of sequence sources in map form
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Fig.3 Visualization of sequence sources in pie form
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Fig.4 Choice for base sequence and sequences to be analyzed
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Fig.5 Distribution of variant virus strains between selected sites
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Fig.6 Variation rates of virus at different times in different regions between selected sites
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Fig.7 Basic parameter options for spatiotemporal analysis of variation
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Fig.8 Variation rates in different regions at different times
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Fig.12 Main fields of the data table

2.2 fR&im
% 4G5 IR 55 %% % {3 1] Spring , SpringMVC it &

MyBatis HEALE S B A AR JEAT I IR 30
H#E BT 2= ECS k5545 L3Rt Ss .
2.3 BRI

8% P o 2R B jquery | bootstrap |
echarts HEZE' EA7IF & o jquery HEZRAE N — A Hh
RS R IR Y R T oE R TR 1, S
T A OE TR R RE 5 BT 1Y SRR IR 55 v
HE PR BIEACE , bootstrap HE4E AT i 1 X A
Jaeit, RETE M A AN ) 7 BB, 4 F P
AOMARSS: T echarts HE S8 RE K F AT Y Bk LA KTk
AR DT AT S B, AR T B 2R AT 1
BT

3 BEAL S S

3.1 FERFIIEENLE

N T FARE AR TN, FRATE Sk B R AR
SEETPANA T T 2 EPH e, AR 2 7
%t T HJE MUSCLE" B RRA A 3.8.31, Lt
B B AR T B 4 Clustal W T-coffee ™ |
MUSCLE FECRUE T %5 =5 v aff B2 g [ Bsf ) HLAT TR
ZIPHI X fES ROk - RATRE T S8-
diags A FH T80 B [ VR A0 3 B el o 25 17371, [T ot e
FAEARREL (—maxiters ) TE£E 16 RARIEZL 7516 HE Y
HERYE T SRk TR E

ZEFHN X Z )5, 248 B e R 75 5 5 1]
[Fi) 58 270 ) R [0 A i A 7 R TR) 79 467 st b, T
IR P 50 26 %A R R AE % 1 1R, o T 4
“oUORFOR, Gt ZEFA O SR A A
[l i B



94 4 #H

& % % 18 4

X0 LG5 7 910, AR i g 5 X 53 8 E 4 (N)
(B DA S w0, FRATTI 30 ARk
BEIP AN TRE S5, S 86 67 1 K T 2 45 AR B Y 7
BB

H T S 1 o 25 SR A S B TR B, B 5%
FEVRAT , B, G R A T —
FIRZH R , AR A5 R WA S AR 5

20 F 5 XT3 E GISAID 8540 2k 47 79 Ak B
ZJa , BURDEE B s 13 7 S 45 o S5 K e =X FE it
St LRI ATH 8 2.1 15 iR NS A T RS i A AN
R EREIT S,

32 RETRAMNZESHW

i 5 o ) e 1) B K, 45 ] 44 22 1) T 97 A 0 o 44
22, FH VL 0 45 1 DX 95 25 7 81) 10 37 229 28 S R A 7 32
B, i 9 frR . XEAT AR A BH I HUE RNA
IR TEA R B h A S R R AR T, RATEEE T
8 JITXT I 4 T RE A He s k2] 3 A 13 H A R [
FECH X -3 S T A, FR T
7 e A v A AT 1 8 3 B R D S T R 434 o
SAangR 1 fZ 2 s, ATLAE B E AT IR,
BT AN A 17E 5 A T — BN SE N,
WREEAIIR AL TR TR E PR

F1 FEERERSMREBNIBIER

Table 1 Countries with higher and lower virus variation rates

E%izgﬁ?% P PR (107) E%jﬁgg?% PR (107)
Mexico 0.268 6 Thailand 0.000 0
Vietnam 0.298 6 Nepal 0.033 2
Belgium 0.273 7 Cambodia 0.033 2
Chile 0.270 9 Singapore 0.057 3
Ttaly 0.270 1 Ireland 0.099 5

K2 RETRERESNRENTERSEH

Table 2 Provinces in China with higher and lower virus variation rates

A EL 522 5 B ik 5 AR EL 2 RS " 5
IR 0.240 5 WL 0.016 6
sl 0.199 0 M) 0.033 2
JTR 0.194 6 i 0.066 3
Jeae 0.141 0 G 0.066 3
A 0.136 4 binyz: 0.082 9

SEATEBEPRA A 22 1] 478 S5 B3 AR B0 BT 245 2R
(P 5 X i i) B BERE R ) |, R 23 A 78 53 2 A e
BEITA MR S S AN 12 A4 X W ERTE T H A
I BE AR S RN — 45

2 He A R [ s DX AS ] B i) )9 75 28 57 %
S PRt b DX 5 st ) R ] 9 7 38 28 S Rk
Z2 58 AR AT AL TR 3 /N L P 8 S RS

X BE T 5 A8 S 44T, P i) DAk R Jak %
(R IR 07 st AN 28 1A it X T 80 R4 T 4040, BE At Xof
JREERT S R AT X, FE AR 2 57 51 X L ok i
TG G AR E 2921 627F125 448, TE R G h ik
Bem , nT R 218 RO 5 B Hoh AR S i B
(SNP) 2k O F1 1 A6 8 B0 B 22, % I 25 AR 2000
Wk 302 Fl 194, o4y SNP 304351k 2.3 17, %R
FEEEARETIY N 28 .6 1 1, REBAMG 5 ¥ 91 ¥ ok K
o s T

4 B4

ENES WO S o> S R € = R
( GISAID) (47 B bR B 5k i i A7 3 & 5 0 i, 32
BT T LR U fE

1) X4 B A IR HEA T R RRAL ST

2) XA S A B AT R, O SR A T
G Z (IR R LK

3) AShAS T S BUAS [R] B ) R 45 4 X A9
FARSE R DL H X Y B TAE SR (P eS8
T ERZ 5 7 A ) 25 A8 S L

4) WFIEPEA AT 2 [B) Y A8 S5 B R BT gt
FELARER 8 T 0 75 1) A48 5 38 E 4 7 ) (1] 2 )
() S, T FH P X B 10 728 S O AT

KRG, —Fh A B 5 2 5 B 7 1 LA



55 2 1]

gl , 55 HT R BE 9L S 2 A R SR Bt S 95

F R R LR 2 59 07 3, 0 R 8928 S 4 D0 AT
TR 5 5 6 B R 09 R 8 AT
e, R B R T B IR S R EE B H

Z:2% 3K ( References )

[ 1]World Health Organization. Coronavirus disease ( COVID-
19) Pandemic [ EB/OL]. https://www. who. int/emergen-
cies/ diseases/novel-coronavirus-2019. 2020-01-27.

[2]GORBALENYA A E, BAKER S C, BARIC R S, et al. The
species severe acule respiratory syndrome-related coronavirus;
classifying 2019-nCoV and naming it SARS-CoV-2[ J/OL].
Nature Microbiology, 2020, 5. 536 — 544. DOI. 10. 1038/
541564 - 020 - 0695 - z. https://doi. org/10. 3201/€id2607.
2002282.2020-4~-17.

[3]WU Fan, ZHAO Su, YU Bin, et al. A new coronavirus asso-
ciated with human respiratory disease in China[ J]. Nature,
2020,579.265-269. DOI;10.1038 /s41586-020-2008-3.

[4] SANCHE S, LIN Yenting, XU Chonggang , et al. High
contagiousness and rapid spread of severe acute respiratory

2 [ J/OL ]. Emerging Infectious
Diseases, 2020, 26 (7). DOI: 10.3201/ eid2607. 200282.
https ;://dio.org/10.3201/€id2607.200282.2020—-4~7.

[5]HEYMANN D L. Data sharing and outbreaks: Best practice
exemplified[ J ]. The Lancet, 2020, 395 (10223). 469 -
470. DOI:10.1016/S0140-6736(20)30184-17.

[6]MUNSTER V J, KOOPMANS M, VAN DOREMALEN N, et

al. A novel coronavirus emerging in China—key questions for

syndrome coronavirus

impact assessment [ J ]. New England Journal of Medicine,
2020, 382(8) :692-694. DOI;10.1056/NEJMp2000929.

[7]XU Xintian, CHEN Ping, WANG Jingfang, et al. Evolution
of the novel coronavirus from the ongoing Wuhan outbreak
and modeling of its spike protein for risk of human transmis-
sion[ J]. Science China Life Sciences, 2020,63(3) :457-
460. DOI:10.1007 /s11427-020-1637-5.

[8] ZHOU Peng, YANG Xinglou, WANG Xianguang, et al.
Discovery of a novel coronavirus associated with the recent
pneumonia outbreak in humans and its potential bat origin
[J/OL]. BioRxiv, 2020. DOI;10.1101/2020.01.22.914952.
https ://www. biorxiv. org/content/10. 1101/2020. 01. 22.
91495V2.

[9]JI Wei, WANG Wei, ZHAO Xiaofang, et al. Cross-species
transmission of the newly identified coronavirus 2019-nCoV

[J]. Journal of Medical Virology, 2020,92(4) :433-440.

DOI;10.1002/jmv.25682.

[ 10]DONG Ning, YANG Xuemei, YE Lianwei, et al. Genomic
and protein structure modelling analysis depicts the origin
and infectivity of 2019-nCoV, a new coronavirus which
caused a pneumonia outbreak in Wuhan, China[ J/OL].
BioRxiv, 2020. DOI. 10. 1101/ 2020.01. 20. 913368. ht-
tps://www. biorxiv. rog/content/10. 1101/2020. 01. 20.
913368v2.

[11]BENVENUTO D, GIOVANETTI M, CICCOZZI A, et al.
The 2019 new coronavirus epidemic: evidence for virus
evolution[ J |. Journal of Medical Virology, 2020, 92(4) .
455-459. DOI; 10.1101/2020.01.24.9151 57.

(2] B, MEshs, i, 5. 2019 7 AU el IR 2 2 A

HAE MR BT[] AR5 2%, 2020, 18(2):
92-102. DOI; 10.12113/202001007.
CHEN Jiayuan, SHI Jinsong, QIU Dongan, et al. Bioinfor-
matics analysis of the 2019 novel coronavirus genome[ J].
Chinese Journal of Bioinformatics, 2020, 18(2) :92-102.
DOI; 10.12113/202001007.

[13]SHU Yuelong, MCCAULEY J. GISAID: Global initiative
on sharing all influenza data-from vision to reality [ J].
Eurosurveillance 2017, 22 (13) : 30494. DOI. 10.2807/
1560-7917.ES.2017.22.13. 30494.

[14] 1%, m e, JET Spring MVC K MyBatis ) Web Ji7 1

RESRAE 58 [ 1], R f i 137 T, 2012, 28 (7) : 1 -4, 10.
DOI; 10.3969/j.issn. 1007-757X.2012.07.001.
XU Wen, GAO Jianhua. Research of Web appli— cation
framework based on spring MVC and MyBatis [ J ].
Microcomputer Applications, 2012,28 (7) :1-4,10. DOI;
10.3969/j.issn.1007-757X. 2012.07. 001.

[15] NIXON R. Learning PHP, MySQL & JavaScript: With
JQuery, CSS & HTML5 [ M]. Newton, MA: O’ “Reilly
Media, Inc.,2014.

[16 ]JEDGAR R C, MUSCLE; Multiple sequence alignment with
high accuracy and high throughput [ J]. Nucleic Acids
Research, 2004, 32(5) :1792-1797. DOI. 10.1093/nar/
gkh340.

[17] CEDRIC N, HIGGINS D G , HERINGA J. T-coffee;: A
novel method for fast and accurate multiple sequence
alignment[ J]. Journal of Molecular Biology, 2000, 302
(1):205-217. DOI; 10.1006/jmbi.2000.4042.

[18]LARKIN M A, BLACKSHIELDS G, BROWN N P, et al.
Clustal W and Clustal X version 2.0[ J]. Bioinformatics, 2007,
23(21) :2947-2948. DOI ; 10.1093/ bioinformatics/btm404.

[REHE: RAK]



