
Featured IMAS multi-alignment 
For exploration of the evolutions of a virus strains  

To link mutations and disease characteristics 
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#%%&,32'!3.0M2+%!:-!:$#:)!T-+!2P#0<42B!%50<:-0%!&%!#3!-+'&3#4!K#+&#M42B!%-!:$2!%5%:20!

#.:-0#:&8#445!#%%&,32'!@CD!:-!&:%!+#3,2B!$-L2K2+!:$2!.%2+!0&,$:!L#3:!:-!8$#3,2!&:!:-!M2!

/AB?B[9)!

G-02:&02%!&3!-+'2+!:-!7&3'!:$&%!32L!'2+&K2'!K#+&#M42B!%$2!0&,$:!L#3:!:-!2P<4-+2!:$2!

8-++24#:&-3%!M2:L223!'&772+23:!K#+&#M42%B!:$#:!&%!L$5!:$&%!:#M42!423%!2P&%:%)!



H7!:$2!.%2+!%#:&%7&2%!L&:$!:$&%!%-+:&3,B!:$23!%$2!84-%2%!:$#:!:#M42!423%!K&2L)!!E$2!.%2+!:$23!

8-.4'!7&4:2+!:$2!<-%&:&-3%!#3'!c.%:!4--;!#:!:$-%2!:$#:!$#K2!#:!42#%:!-32!M#%2!<#&+!

%.M%:&:.:&-3%!-88.++&3,!-3!:$20)!!E$2!32P:!%:2<!&%!:-!7&3'!:$2!<-%&:&-3%!:$#:!L2!L#3:!

7+-0!:$2%2!7&4:2+2'!<-%&:&-3%B!L$&8$!#+2!#M-.:!]\!<-%&:&-3%)!Q-L!:$2!<!K#4.2!

K&%.#4&1#:&-3!L-.4'!$24<!.%!7&3'!:$-%2!L&:$!:$2!42#%:!<!K#4.2%B!L$&8$!#+2!#M-.:!?A!

<-%&:&-3%)!/E$2!.%2+!$&'2%!#44!:$2!-:$2+!<-%&:&-3%9)!Q-L!:$2!.%2+!%$-.4'!8-02!.<!L&:$!D!

0.:#:&-3%!2#8$!-7!:$20!8-3%&%:%!-7!%-02!<-%&:&-3%)!E$2!%5%:20!L&44!#44-L!:$2!.%2+!:-!

7&3'!:$-%2!+24#:2'!<-%&:&-3%!%-!:$#:!:$2!.%2+!8#3!8-02!.<!L&:$!:$2!,+-.<&3,%)!!

T-+!2P#0<42!42:%!%#5!<-%&:&-3!F!$#%!:$2!42#%:!j!K#4.2!#3'!<-%&:&-3!*!$#%!:$2!32P:!4-L!<!

K#4.2)!E$2!.%2+!%$-.4'!+2<-+:!F!:$23!*l!N+!%$2!8#3!+2<-+:!Fk*!#%!:$2!7&+%:!0.:#:&-3B!

:$23!0#5M2!>!#%!:$2!%28-3'!0.:#:&-3)!!

B#@1/#/&-$-%"&(D@@;"$8:(

H"FG!&%!L+&::23!&3!>kk!#3'!.%2!N<23Y4!7-+!&:%!,+#<$&8%)!H3!:$2!:&02!-7!:$&%!8-.+%2B!H!L-.4'!

4&;2!:-!7&3#4&12!05!&'2#%!#M-.:!:$2!'2%&,3!-7!:$2%2!72#:.+2%!&3!:$2!8-3:2P:!-7!H"FG!#3'!

#7:2+!:$&%!8-.+%2!&0<42023:!:$-%2!&'2#%!-+!#!%2428:2'!-7!:$20!&3!H"FG)!H!L-.4'!4&;2!:-!

<+-<-%2!:$#:!H!L-+;!-3!05!&'2#%!#3'!,&K2!722'M#8;%!7+-0!-:$2+%!-+!M5!+2#'&3,!0-+2!

4&:2+#:.+2!#3'!M#8;,+-.3'%!M27-+2!&0<42023:#:&-3)!H3!-+'2+!:-!M2!#M42!:-!8-00.3&8#:2!

L&:$!-:$2+%B!H!L-.4'!8+2#:2!%-02!&3:2+7#82%!:$#:!%$-L!05!'2%&,3%!L&:$!j+-:-K&%!-+!

j+-82%%&3,)!H3!:$2!7&3#4!+2<-+:!H!L-.4'!$#K2!#!%2+&2%!-7!&3:2+7#82%!7+-0!:$2!2#+45!&'2#!:-!

:$2!7&3#4!'2%&,3)!!

C%1/*-"&/*($&,(.8:/,71/(

Q-K20M2+!A^`!j+-:-:5<2!7-+!<CK#4.2!'2%&,3!8-0<42:2!

Q-K20M2+!?A`!<+2K&-.%!L-+;!-7!:$2!-:$2+U%!%-4.:&-3!&3!K#%:!k!+27&32!05!&'2#%!!

Q-K20M2+!?D`!<+2K&-.%!L-+;!-7!:$2!4&:2+#:.+2!#3'!<#<2+%!8-0<42:2k!+27&32%!&'2#%!

Q-K20M2+!?X`!<+-:-:5<2%!8-0<42:2!!

Q-K20M2+!D@`!'&%8.%%2'!05!&'2#%!L&:$!#:!42#%:!D!=F!<+-7%!k!D!M&-&37-+0#:&8%!%:.'23:%!!



R2820M2+!]`!8-0<&42!#44!:$2!&'2#%!k!.<'#:2!<+-:-:5<2%!k!L+&:2!'-L3!:$2!c.%:&7&8#:&-3%!!

R2820M2+!A?`!T&3&%$!L+&:&3,!:$2!7&3#4!+2<-+:!

R2820M2+!A[`!I'&:!:$2!7&3#4!+2<-+:!!

E$2+2!L-.4'!M2!]!'2%&,3%!7-+!:$&%!L-+;)!F3-:$2+!%#72!&:2+#:&-3!8-.4'!M2!<&8;&3,!-32!-7!

:$20!#:!#!:&02!#3'!'-!#44!:$2!#M-K2!%:2<!7-+!:$#:!%<28&7&8!<+-M420)!F%!H!'-!%-02!<#+:B!H!

L&44!7&,.+2!-.:!L$&8$!L-+;%!M2%:)!!

=;/E%"7*(K";+(

j+2K&-.%!L-+;!$#%!:L-!<#+:%`!A)j+2K&-.%!%-4.:&-3%!7-+!:$&%!8$#4423,2!?)!a24#:2'!<#<2+%!

H3!:$&%!<+-<-%#4!H!#0!,-&3,!:-!'&%8.%%!-32!-7!:$2!%.882%%7.4!%-4.:&-3%!7-+!:$2!=#%:!0&3&C

8$#4423,2!DB!:+#3%4#:&-3%!-7!L$#:!:$25!'&'!&3!H"FGB!#3'!42%%-3%!:$#:!H!8-.4'!.%2!&3!05!

L-+;`!

Q-M4&%!E2#0`!!

H8 F'*.%+.*)/$+%'$%)%-")*)-.#*/+./-+I%
9"#&%+'*.%+.*)/$+%6&%-','*B-'4/$0%#)-"%+#1(#$-#%6)+#4%'$%#)-"%-")*)-.#*/+./-8%9"#%
7/-.(*#%6#,'5%+"'5+%'$#%#D)37,#%'>%."#%+'*./$0%6&%-','*%'$%+#:#*/.&8%9"#/*%.&7#+%'>%
0*)7"/-+%/+%4/>>#*#$.%>*'3%(+%.").%5#%(+#%)%*#-.)$0(,)*%3(,./B),/0$3#$.%7)$#,%)$4%
."#&%"):#%)%+($6(*+.%7,'.8%%9"/+%7,'.%4'#+%$'.%4#),%5/."%7'+/./'$+%)$4%/.%E(+.%+"'5+%
#)-"%+#1(#$-#+%/$%)%.*##%4/)0*)3%5/."%7"&,'B0#$#./-%/$>'*3)./'$%.").%5#%4/4%$'.%
4#),%5/."%/$%'(*%+',(./'$8%9"#%3)/$%7'/$.%/+%."#&%(+#%-','*%.'%+'*.%+#1(#$-#+8%%@%
5'(,4%,/=#%.'%-")$0#%."#%7'+/./'$+%'>%."#%+.*)/$+%/$%)%3(,./B),/0$3#$.%>'*%+'*./$02%
)$4%7'++/6,&%(+/$0%-','*%.'%*#4($4)$.,&%+"'5%."/+%+'*./$08%J@.%5'(,4%-*#).#%."*##%
*#0/'$+K%%%



!
0%A7;/(4H(*7&57;*-(@1"-(:%A:1%A:-%&A(*/E/;%-J("<(*J#@-"#*L(M"51%*(-/$#(7*/,(,%;/8-/,(E$;%$51/(N*/E/;%-JO(-"(8"1";(
,%<</;/&-(*/67/&8/*L(

E$25!#4%-!$#K2!#3-:$2+!<4-:!8#442'!<-4#+!<4-:!:-!'&%<4#5!'&772+23:!%:+#&3%!#%!L244!#%!

<-%&:&-3%!&3!:$20)!

F,#&3!:$2&+!<-4#+!<4-:!:$25!'&'!3-:!%-+:!:$2!%2O.2382%B!&3%:2#'!:$25!8-4-+!2#8$!

%2O.2382U%!GQj%!M#%2'!-3!:$#:!'&+28:2'!#::+&M.:2!/%2K2+&:59)!G-!:$-%2!GQj%!#4-3,!L&:$!

2#8$!'&#02:2+!$#K2!:$2!%#02!8-4-+!:$#:!8-02%!7+-0!:$2!+#3,2!-7!:$2!%2K2+&:5!&3!:$2!

8$#+#8:2+&%:&8%!:#M42)!!



!
0%A7;/(P(="1$;(@1"-(*:"F*(*/67/&8/*("&($&,(-:/(@"*%-%"&*L(D1"&A(/$8:(,%$#/-/;(-:/;/($;/(,%<</;/&-(@"*%-%"&*("<($(
@$;-871$;(*/67/&8/'(1$51/,("&(-:/("7-/;(;"7&,L(

?)!b-L!:-!8$#3,2!%-+:`!

F%!H!023:&-32'!#M-K2B!:$25!%-+:!%2O.2382%!M.:!3-:!M5!8$#3,&3,!:$2&+!<-%&:&-3%!-3!:$2!

<4-:B!&3%:2#'!:$25!.%2!:$2!8-4-+!7-+!2#8$!K#+&#M42)!N3!:$2!427:!<#324!:$25!4&%:2'!:$2!

'&772+23:!8$#+#8:2+&%:&8%!%-!:$#:!M5!%2428:&3,!2#8$!-7!:$-%2!:$2!8-4-+!L-.4'!M2!'&772+23:!

M#%2'!-3!:$2!'53#0&8!+#3,2!-7!:$#:!K#+&#M42)!!

D)!E$2!#M&4&:5!-7!'&+28:&3,!:$2!.%2+!:-!7&3'!&3:2+2%:&3,!<-%&:&-3%`!

N32!M&-&37-+0#:&8&#3!&3!:$2&+!:2#0!%<23:!:L-!'#5%!2P#0&3&3,!:$2!#%%-8&#:&-3!M2:L223!

GQj%!#3'!%50<:-0!%2K2+&:5!.%&3,!:$2!"#33CJ$&:325!h!:2%:!/&3!a9) 

!E$25!.%2'!:$2!%#02!,+#<$&8%!M.:!L&:$!'&772+23:!#<<+-#8$!-7!8-4-+C8-'&3,)!Q-L!:$25!

8-4-+!2#8$!GQj!#4-3,!#!'&#02:2+!M#%2'!-3!&:%!-L3!%<28&7&8!j!K#4.2)!E$2!0-%:!%&,3&7&8#3:!

<!K#4.2%!#+2!8-4-+2'!&3!+2'!#3'!:$2!42#%:!%&,3&7&8#3:!#+2!8-4-+2'!&3!5244-L)!!G-!3-L!:$2!



8-4-+!#4-3,!#!8&+842!&%!:$2!%#02!M28#.%2!:$2!<!K#4.2!7-+!GQj%!&3!2#8$!<-%&:&-3!&%!:$2!

%#02)!!E$25!#4%-!.%2!:$2&+!<+2K&-.%!%-+:&3,!02:$-'!M5!8-4-+&3,!2#8$!4&32!&3!#!'&#02:2+!

7-+!%-+:&3,!2#8$!%:+#&3)!G-!3-L!2#8$!%2O.2382!$#%!#!8-4-+!M#%2'!-3!#!'2+&K2'!

8$#+#:8+&%:&8%!/-K2+#44!%2K2+&:59)!!

NK2+#44!%2K2+&:5!m!G.0!-7!#44!:$2!8$#+#8:+&%:&8%!

!
0%A7;/(Q(="1$;(@1"-(8"1";G8",/,(<";($,%<</;/&-(@/;@"*/(



E$2&+!L-+;!8-.4'!M2!:+#3%4#:2'!&3!H"FG!M5!#<<+-#8$!&3!H"FG!M5!8-4-+&3,!2#8$!8-4.03U%!

GQjU%)!E$23!#4%-!8-4-+!2#8$!4&32B!-+!#!M-#+'2+!7-+!2#8$!%-+:2'!+2,&-3%!M#%2!-3!:$2!

'2+&K2'!K#+&#M42!-K2+#44!%2K2+&:5)!!b-L2K2+!H!'-!3-:!:$&3;!8-4-+!&%!:$2!0-%:!27728:&K2!

8$#3324!:-!238-'2!:$&%!%:#:&%:&8%!3.0M2+!7-+!2#8$!<-%&:&-3)!F4:$-.,$!H!L-.4'!;22<!

8-4-+&3,!7-+!:$2!%-+:2'!+2,&-3%!#%!&:!%$-L%!'&772+23:!42K24%!-7!#!8$#+#8:2+&%:&8%)!!

E$25!'&'!3-:!:#4;!#M-.:!:$2!'2:#&4%!-7!:$2&+!%:#:&%:&8#4!#3#45%&%)!E$&%!&%!:$2!<+-82%%!:$#:!

%220%!:$#:!:$25!'&'`!

J2!L#3:!:-!%22!&7!:$2+2!&%!#35!#%%-8&#:&-3!M2:L223!GQj%!#3'!8$#+#8:2+&%:&8%)!e2:%!<&8;!

-32!-7!:$2!8$#+#8:2+&%:&8%!7-+!2P#0<42!:$2!-K2+#44!'#3,2+)!T-+!2#8$!<-%&:&-3!#!82+:#&3!

GQj!$#<<23%!#:!%-02!-7!:$2!%2O.2382%!-+!'-2%!3-:!$#<<23)!!e2:%!%<4&:!:$2!%2O.2382%!

&3:-!:L-!,+-.<%!7-+!#!%<28&7&8!<-%&:&-3`!E$-%2!L$-!$#K2!:$&%!GQjB!#3'!:$-%2!L$-!'-!3-:)!!

E$25!%.,,2%:!L2!.%2!"#33CJ$&:325!h!:2%:B!H!:$&3;!&:!&%!M28#.%2!:$2!%2K2+&:5!&%!#3!-+'&3#4!

K#+&#M42!/X!M2&3,!:$2!0-%:!'#3,2+-.%!%:+#&3!#3'!A!&%!:$2!42#%:!'#3,2+-.%9!)!

E$2!3.44!$5<-:$2%&%!L-.4'!M2!:$2+2!&%!3-!%&,3&7&8#3:!'&772+2382!M2:L223!:$2!02#3!-7!:$2!

:L-!,+-.<%)!E$2!j!K#4.2!&%!:$2!<+-M#M&4&:5!-7!b-!M2&3,!8-++28:)!!

T-+!2P#0<42!7-+!:$2!<-%&:&-3!X[?`!!

GQj9!XBXBXB\B\B\B\B\B^B^B^B]B]B]B[B[BD!

Q-:!GQj9!XBXBXB!\B\B\B\B\B^B^B^B^B^B]B]B]B]B[B[B[B[B[B[BDBDBDBDBDBDB?B?B?B?B?B?B?BABABABABA!

Mann-Whitney U test:  

jCK#4.2!7-+!:$2!:2%:!&%!@)@@A])!G-!L&:$!#4<$#!@)]!:$&%!jCK#4.2!&%!K2+5!%0#44B!#3'!:$2!8$#382!

-7!b-!M2&3,!8-++28:!&%!%-!4-L)!G-!L2!+2c28:!:$2!3.44!$5<-:$2%&%!#3'!&:!%220%!:$2+2!&%!#!

'&772+2382!&3!-K2+#44!%2K2+&:5!M2:L223!:$-%2!L$-!:$#:!GQj!#<<2#+%!-3!:$20!&3!:$#:!

<-%&:&-3!#3'!L$-!'-!3-:)!E$23!L2!%#5!:$2!42%%!jCK#4.2!02#3%!:$2!0-+2!+2%<-3%&M42!:$&%!

<-%&:&-3!7-+!M2&3,!+2%<-3%&M42!7-+!:$#:!'&%2#%2!-K2+#44!%2K2+&:5!&3!:$-%2!%2O.2382%!:$#:!

:$25!$#K2!&:n!

!!


