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has endangered the prosecution

of the WAR in Europe.
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30deaths have already resulted
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« 73RS, kBHRARES

= 4128545, GISAID, 2020.5.14
« ik

= S ALISARS (Maximum Likelihood Tree)
« 58

= A ANTFENFERIRE—TR
= EFFHAEG11083T
- 518

= RSN

Tsuyoshi Sekizuka, PNAS, 2020
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| . - REPE: KFEEHEL
S L= . b B MEERESERERTERAER
o INEE: EERBRRBEWFR, SHRIRESK
Speces REITiR, BIESisE

https://jaquishgen564s19.weebly.com/phylogenetics.html
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o ARLZE (Maximum Parsimony) -

Taxa and character

BABLEETRE-EBEZEN (Ockham's A ¢
Razor) BMR—MIEMNSIFRICEMERIR | S |
%Z E E‘%@\E/\J%B_/\ TREE| TREE I TREEII
° Taxon 1 Taxon 3 | Taxon 1 Taxon2  Taxon1 Taxon 2
N = \ ——r s oy G A G G G G
>SERFES/ DN EN (IHEREBRSEE L S ke L A

. y \ L T P G N e X
E&g}ﬁ) %ﬁ%g 5” é&?& Eg/Z%éEE§¢X‘T Tax%n 2 Tafon 4 Taxin 3 Taonn 4 Taxin L) Ta:on 3

> LRI RERIIIRINGS, TEEMRINT | pae 2 :

length plus 2 other character arrangements
in trees Il and Il

E{%&QEI\J}E{; & s a substitution

Figure 6.6, Example of phylogenetic analysis based on sequence position 5 in Table 6.3, using the

\ _Ia.l_ sls ~ ~
> I#E?:%Eﬁﬁllé\éﬁ EEX/J \EI‘J*X‘:M’Ejg H-Ei{jEd:X‘j- maximum parsimony method. (Redrawn, with permission, from Li and Graur 1991 [copyright Sin-

auer Associates|.)
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+ New average distance between C and AB is:
CtoAB=(60+50)/2=55

+ Distance between D and AB is:
DtoAB=(100+90)/2=95

+ Distance between E and AB is:
EtoAB=(90+80)/2 =85

o -
- B :
EQO 45 0

New Average distance between
CDE and AB is:

CDEwAB=(90+55)/2=725 A B € D E

ngs 40 0 2°|
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B D

» New average distance between DE and AB is:

DEtoAB=(95+85)/2=90
+ Distance between DE and C is:
DEto C=(40+50)/2=45
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http://evolution.genetics.washingt
on.edu/phylip.html

http://www.megasoftware.net/
http://paup.csit.fsu.edu/

https://www.ncbi.nlm.nih.gov/labs/
virus/vssi/#/
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@< NCBI Virus
sequances for rscovery
Q Datat
mes, rotein
NCBI Virus is s community portal for viral sequence data from RefSeq, GenBank and ather NCBI repositories. To find,
retrieve and analyze data, please select an option below. .
Search by sequence
Use the NCBI BLAST™ tool to find similar
viral nuclectide and protein sequences.

https://www.ncbhi.nim.nih.gov/labs/virus/vssil#/
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. . Betacoronavirus BLAST SARS-CoV-2 Articles in PubMed SRAData
SARS-CoV-2 Data Hub Quick Links
CDC Qutbreak Information Datasets command line
Advanced Filters for o Visual Filters for Qutbreak Sequence [ Lineages Frequency and Location Search GenBank + SRA Data
B GenBank Sequences GenBank Sequences B Statistics =3 of GenBank + SRA Data B by Mutation
/ NCBI Virus Frdoa- Help thowtoaricate b sequences
. Applied Filters: | Virus/Taxonomy (1) € gy
Refine Results Reset Tree
@ B T wRnes00:
Selected Results: 200/ 9,120,970 ml Build Phylogenetic Tree IE R ——
Virus/Taxonomy
Severe acute respiratory ? de (9,120,970) Protein (47,665,451) | S
syndrome coronavirus 2, %
taxid:2697049 “ Accession Organism Name + GenBa
=
i 4
Accession + L= = S TR————
K g NC pas512.2 == Severe acute respir...
o
=
Sequence Length + =
PV7T71649.1 Severe acute respir... 4 i < PVT716521 W sapiens USAI 025 0311
Ambiguous Characters +
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Assembly Completeness + o a
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& necstrain DOCS CONTACT 610G 10GIN o ]:I% ﬁ:ls:.T I E\jﬂ] :IZ é ’ %g EJJ Eﬁ?‘ﬁ
Nextstrain EXHERRRRARH TRERA
Real-time t‘rackmg of pathpgen evoluti}o;n -‘—“-/ \1;):[_ ]:%TJ“-J?{ZKE’:ng:%;

Nextstrain is an open-source project to harness the scientific and public health potential o
pathogen genome data. We provide a continually-updated view of publicly availsble data
alongside powerful analytic and visualization tools for use by the community. Our goal s to aid

epidemiological understanding and improve outbrezk response. Ifyou have any questions, =/
Plossacontactis 1 1

READ MORE

SARS-CoV-2 (COVID-19) Nextstrain Groups ® @ﬁﬁ?ﬂa—_l . 201 8'/"5'5

We are incorporating SARS-CoV-2 genomes as soon as they are shared and providing analyses Wewant to enable research labs, public health entities and others to share their Gatasets and
and situation reports. In addition we have developed a number of resources and tools, and are narratives through Nexctstrain with complete control of their data and audience
facilitating independent groups to run their own analyses.

- - e H19: Fred Hutchinson
i = Cancer Research Center

SEE ALL RESOURCES SEE ALL GROUPS

https://nextstrain.org/
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o 74T B: NextStrain
SARS-CoV-2: FIHCOHHIESEHITRAR. ==, RESH

Nextclade..

Clade assignment, mutation calling, and sequence quality checks

Provide sequence data Selected reference dataset @

" . . _ \ s
File Link Text Example = Suggest automatically Reset Suggest ]%?%%%é&

LS

Drag &drop files SARS-CoV-2 (XBB)
or folders  official
<> Reference: Wuhan-Hu-1 with XBB SNPs

Updated at: 2024-02-16 04:00:32 (UTC)
-
Select files Dataset name: nextstrain/sars-cov-2/XBB

R EIRSS l

-
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e
a4\
Change reference dataset Run ‘ I\\\i)j

https://clades.nextstrain.org/




ARAREMERATIR

o £ T B: NextStrain
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Theines EHR M

BA.2.7

BA.2 /'B/\ 2.10 XBB XBB.1
O-0O dORd B4
\ BA.5 b |
Q 1 1.6

Relative Re

(BA2 = 1)

The concept of a rooted phylogenetic “network of life”, roposed in [61]. Reprinted by
permission of AAAS: Science, 284(5423):2124-2128 ©1999 Tamura T et al‘ Nat Commun, 2023




B(ABIMLE vs RALBH

- HER: EARRINEWEREREZ
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B{KE (Haplotype, tHBA[FRAEFE) BIsEYMIKANBEFEETEK
H—EERE, BE (haplotype) —ERBEFEEAR (haploid) FIEEE
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SER
° Wxglf
TCS (Templeton Crandall and Sing algorithm)

MSN (Minimum Spanning Network)
MJN (Median-Joining Network)

% RMST (Randomized Minimum Spanning Tree)
BPFBIEIAERIE

fastHaN (fast Haplotype Network)

McAN (Minimum-cost Arborescence Network)
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E/ER (MST)

- BifR: SEREABUERE— I, Kz &N
o BiZx: Kruskal&jx. Prime&i%
- BIR: TEEMIEFREEEFHEIMINENSEHE (reticulate evolution)

= Bt mVERMITREE

The minimum-evolution (ME) method of
phylogenetic inference is based on the

assumption that the tree with the smallest

sum of branch length estimates is most

Spanning Tree Minimum Spanning

likely to be the true one. Cost = 13 Tree, Cost = 7
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= RAINERKEEE (MSN) - BoH é Z ; ; é Z \ ; E é J?lﬁljm{
KruskalBi%, ERRSHRILIEE 1 | 7
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o HENSRRFFZN
= TCS (Templeton Crandall and Sing algorithm) &%
= MJN (median-joining network) &%
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Running time (sec:

fastHaN (fast Haplotype Network)

o XHEREETCS, MSNFIMINE S3AYSCH

- WIBRFAENT HERNFESREEERABL

- PopART (TCS)
TCS (TCS)
= fastHaN (TCS)

1000 2000 3000 4000 5000
Number of sequences
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fastHaN Speedup (TCS)
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Running time (second)

+ NETWORK (MJN)
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Chi et al., 2023, Molecular Ecology Resources




McAN (Minimum-cost Arborescence Network)

* FTREIRIRMEY IR R RIS A

- EHAENBLRIVFTERS S ERBLE
" McANHBE(TIREHRFITE MUBR, WEHRIEI%LLL, RIS R
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« HAFI: Methods in Ecology and Evolution (IF: 6.6, 2022%F)
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Methods in Ecology and Evolution

Methods in Ecology and Evolution 2015,6,1110-1116 doi: 10.1111/2041-210X.12410
APPLICATION

POPART: full-feature software for haplotype network
construction

Jessica W. Leigh* and David Bryant

Department of Mathematics and Statistics, University of Ofago, P.O. Box 56, Dunedin 9054, New Zealand
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« HRF: Briefings in Bioinformatics (IF: 7.7, 2024)
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Briefings in Bioinformatics, 2023, 24(3), 1-9

https://doi.org/10.1093/bib/bbad174

OXFORD Advance access publication date 12 May 2023
Problem Solving Protocol

McAN: a novel computational algorithm and platform
for constructing and visualizing haplotype networks

Lun Lif, Bo Xu', Dongmei Tian’, Anke Wang', Junwei Zhu', Cuiping Li, Na Li, Wei Zhao, Leisheng Shi, Yongbiac Xue, Zhang Zhang,

Yiming Bao, Wenming Zhao and Shuhui Song
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Haplotype networks of SARS-CoV-2 infections
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Evolutionary analysis by the Maximum Likelihood method

The phylogeny was inferred using the Maximum Likelihood method and Tamura-Nei (1993) model [1] of
nucleotide substitutions and the tree with the highest log likelihood (-4,062.64) is shown. The initial tree
for the heuristic search was selected by choosing the tree with the superior log-likelihood between a
Neighbor-Joining (NJ) tree [2] and a Maximum Parsimony (MP) tree. The NJ tree was generated using
a matrix of pairwise distances computed using the p-distance [3]. The MP tree had the shertest length
among 10 MP tree searches, each performed with a randomly generated starting tree. The analytical
procedure encc d 482 nucleotid with 444 positions in the final dataset. Evolutionary

analyses were conducted in MEGA12 [4] utilizing up to 7 parallel computing threads.
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Evolutionary analysis by the Maximum Likelihood method

The phylogeny was inferred using the Maximum Likelihood method and Tamura-Nei (1993) model [1] of
nucleotide substitutions and the tree with the highest log likelihood (-4,062.64) is shown. The initial tree for the
heuristic search was selected by choosing the tree with the superior log-likelihood between a Neighbor-Joining
(NJ) tree [2] and a Maximum Parsimony (MP) tree. The NJ tree was generated using a matrix of pairwise
distances computed using the p-distance [3]. The MP tree had the shortest length among 10 MP tree searches,
each performed with a randomly generated starting tree. The analytical procedure encompassed 482 nucleotide
sequences with 444 positions in the final dataset. Evolutionary analyses were conducted in MEGA12 [4] utilizing
up to 7 parallel computing threads.
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SCiRi5.3)2: HaploThreadiazEea{ABIMmILE

- mihHaplotype construction

B8 HaploThread - Start - [m] X
File Edit Analyze View Window Help

0n o @8 6

" Haplo Thread

This tool integrates network visualization and multiple multi-threaded haplotype construction algorithms
from McAN and fastHaN .

@ Start [

MCcAN constructes a haplotype network based on the minimum-cost arborescence algorithm, taking into
account both genome-wide mutation spectrum features and epidemiological characteristics. fastHaN is
an efficient and scalable program for large samples haplotype networks construction, implementing the
minimum spanning networks (MSN), the median-joining networks (MJN) and the Templeton-Crandall-Sing
(TCS) algorithms.

5 o Haplotype construction Haplotype visualization
Haplotype construction Haplotype visualization (Web Style) (Web Style)
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SEYREES]2 HaploThread*’@EéﬁSﬁ:m £

EA HaploThread - HaploBuilder X
File Edit Analyze View Window Help

n 6 @ .96

&O(ilhm Visualization

:,,5 McAN = Run Cancel Network  Haploty - - - . § ' . . ced
@ ~ ~ se s Y

. BESH (HhSHEEIAE)
%] ‘)rk/dataset/DiamondiPrincess.vcf v‘
% Input meta file Example | VC F:
% ‘3rk/dataset/DiamondiPrincess.tsv V‘ . .
£ | ouutocsion — ...\practice\2_practice haplotype networ

lctice haplotype networioutput < (8 , k\dataset\Diamond Princess.vcf

Properties

Graph Visual Group Node ER . Meta:
...\practice\2_practice haplotype networ
< —— H B k\dataset\Diamond_Princess.tsv

= Output:
...\practice\2_practice haplotype networ
k\output

Open Start Page
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=
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RETRENE: Properties -> Visual -> By Country/Region

File Edit Analyze View Window Help

Q4 @6 ® MzREghE 2 FSCluster

Properties Visualization
£
g Graph Visual Group Node Edge Network Haplotype @ ' @D ' @ @ Shuffle | Stop | Screenshot | Export @ Open in HaploViewer (Web) = << Advanced
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1 ID [ ] Microsof 9 \\\-\h s
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R3] 3: (EABEEIER I AN ERsHTiHilR

1. JBEEE: practice\3 practice sequence similarity\query sample _mutation.txt
FIAELES: https://ngdc.cncb.ac.cn/ncov/online/tool/genome-tracing

3. Mutation: test seq:241C/T,3037C/T,14408C/T,23403A/G,28881G/A,28882G/A,28883
G/C,2091C/T,5128A/G,8360A/G,13860C/T,19839T/C,19999G/T,28905C/T

4. BHik: WM
=& “Find the closest sequences” : =TI

.

Query sequence

Mutation test_seq:241C/T,3037C/T,14408C/T,23403A/G,28881G/A,28882G/A,28883G/C,2091C/T,5128A/G,8360A/G,13860C/T,19839T/C,1999 | example

reset

|C7' Please ensure that you adhere to the mutation format specified as seq_ID:POS1Allel1/Allele2,POS2Allel1/Allele2, or alternatively, you can use the fasta format
sequence as input on the webserver.

Fasta @ Choose File @ Method | ww - @ Find the closest sequences

CNCB-NGDC


https://ngdc.cncb.ac.cn/ncov/online/tool/genome-tracing

SLiRS5 3 (EREEERIENHEHRSHITIHR

Query sequence /gfj\'f'%ie* $Zl§ fﬁj EI‘:M:E

\
Mutation test_seq:241C/T,3037C/T,14408C/T,23403A/G,28881G/A,28882G/A,28883G/C,2091C/T,5128A/G,8360A/G,13860C/T,19839T/C,1999  example 1u’

Fasta mwChoose File | @ Method | ME2 1 Find the closest sequences N
\ /\
Bx . |
|C? Please ensure that you adhere to the mutation format specified as seq_ID:POS1Allel1/Allele2,POS2Allel1/Allele2, or alternatively, you can use the fasta format

sequence as input on the webserver. 1{@ @% gﬁﬁ%*ﬂj

3¢ 00:00:01

Matched sequences Phylogeny of matched sequences @
Expected running time: @ UM: < 2 min; @ WM: < 2 min; @ W 4 min @ WM+CL: < 4 min @ WM+LD+CL: < 4 min. Please note that the acutual running time may
exceed the expected time due to heavy task burden. If the pro@¥ss| e is longer than expected, you can stop the task by refreshing or closing the website and resubn -
the task later or use the standalone version. All scripts could be findiht https:/github.com/ipplol/GenomeTracing Showing 1 to 50 of 50 entries JCopy @]Excel T CSV 5 - § E ;K’
4, 58 5§ Q
2 4 AR I 9
SeqlD @ Accession @ Score @ ineage @ Mutation @ 2 "é’l ‘% Em E § = ,S
T © g &
V115166 & EPI_ISL_498692 | 1 11317¢ [0 © §
V115167 & EPI_ISL_498693 | 0.966475 11317¢ 1
L y
V2247311 &, EPI_ISL_9301314  0.928219 11317¢ |2 30@ e
Vg, g GRS
—_— — 3 R p S
& \ / A V454094 &, EPI_ISL 2170884 0.915172 1.1317¢ 3 b 59 ) o &S’gﬁ:ﬂ )
jj a |E1 I Az V454093 &, EPI_ISL_2170891 0.914392 11317¢ 3 20529 % ﬁ;’qyﬁ -
201 ?
S V454095 &, EPI_ISL_217088] 0.912734 113176 3 Y1165 g \];‘196996
| \ I 3 ” test_seq r \25266
.L H N — N V454092 & EPI_ISL_217089] 0.912166 11317¢ 3 - e
— V454092 LyL 775
jj |E1 I par o= V454091 &, EPI_ISL_2170887 0911903 11317 3 . ) 8
/4540 X P
V2076458 &, OM098414.1 0.897627 11317¢ 3 > ° A o0
— A = \ /\ o ast0® \ 0 97
EU E__x N I V2247309 &, EPI_ISL_930131 0.89712 113176 3 o >
N
N V2076459 £, OM098416.1 0.87038 1131706 4 o o
$ R
1;$ V420519 & EPI_ISL_2131809 0.870287 113176 4
V2076462 & OM098419.1 0.87027 113170 4 é&o
i
V2076456 £, OM098425.1 0.870242 113170 4 <
V4585590 &, 0Q586441.1 0.870241 11317C¢ 4
V2076460 £ OM098417.1 0.870227 113170 4
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LR34 (EHMCANELESERMA LTSRS

1.

HEEDPEURE:
practice\d practice_haplotype netw
ork_online\dataset

FIRELSES:
https://ngdc.cncb.ac.cn/bit/hapnet/

PIFpSEBY . EH{th¥pFth
MR TREHEN
T mutation.txt
ToiEEN{E: meta.txt
mIIRTEE: 0

mREBiET: BEEEI N — 1

CNCB-NGDC

ThagR

ETEEAETE MR ERNSAERSERITIE (McAN anig_%ﬂféliﬂ‘:%. %%J:I%SARS-Cov-2?mﬁ§?3?s2‘¥3§%ﬂf’:
(RAGFEIVCHET) FTMATTRE M, SENFE18201 99 2= ASEEE(RCOVI 9)iEEDEH S, (FAILNEIA
T“EUE-EPLEJI m&ﬁjﬂ FHEEFRSIEE %I):?Eﬁﬁﬁﬂ AL Jr"la%‘iﬁ ETEFNSRERE, £
ANewmanF ERTEE R ERE,. ITEERWATT RIS w EREE =S S k.

PEPERhe R

#amE
@ ==vw 3
RS ETE

[ GG 4

VCFIZfHER

TRV @ w=n

LSRR | choose File | No file chosen 5
TR O soe
EfeTuiEEE Choose File | No file chosen 6

HEBERMEERSEHEE Tan
BERE (hTEaREEE)
' 7

MBIl (SitesmEscn, STabrEnitesE) Trn

b7E B EER




LR34 (EHMCANELESERMA LTSRS

Mz=DP
clusterfJiE=

»

H5E > B RAESK > SHR

B SRS

E5ER

2= 2024041525062

Bz 2024-04-15 —
EITIRE Finished

EIEYIMEE)  Other species

HEMEL  Mutation file

BOREE 0

THRERXH

Download &

ES5xhkE, _RE A BRSNS |
VleW Online, E View online =

B RN ELR L%
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o IEEEFEEFIN s o, T

AlVirginia/3/1918 autumn D222 ?

A/Washington_DC/1/1918  summer D222 ?

1 : \% AlVirginia/2/1918 autumn D222 7

o Exl A/AFIP/1/1918 autumn D222 ?
A/New_York/2/1918 D222 ?

autumn
E : S A/New_York/4/1918 autumn D222 ?
| | X . al}gl A/New_York/3b/1918 autumn N222 7
A/Virginia/1/1918 autumn D222 ?
[ -I: BE-572 N summer D222 G16/L283
~ ~> AR
] thd\l\ E\Elﬁ | BE-576 I summer D222 G16/1283
| A |
I I, A I _|: AiNew_York/1/1918 | autumn G222 ?
: AfSouth_Carolina/1/1918 | autumn D222 ?
- ﬂ:d\l\ Ea:}?\ A 0.82 i -|—— Camp Upton | autumn N222 D16/P283
I II \‘l‘ 4 [1915.6, 1917.9] | AiBrevig_Mission/1/1918 | autumn D222 D16/P283
\ - MU-162 ] D222 D16/P283
{~ T T 7 7 aiSouth_Carclinai2/1818" summer G222 ?
I:‘ |
I A/New_York/3a/1918 | autumn G222 ?
| A/London/1/1919 | winter G222 2
9:59 : — Allowa/2/1818 | spring G222 ?
e Allowal1/1918 ] spring G222 ?
r T T 1
1917 1918 1919 1920
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