SYERF

FLtE ZFHIEES




% FF5IEE X g

O FHRST -> BERIIEIRST
aﬁgﬂﬂﬂﬂ’ﬂlﬁlﬁg A, DheelR<F, FIUHEI
& BT ZEFIINLEE, ZMFRTFETFHTSY

O A fEHMMIRE!, BEREEZHREFS

O W 7 FHEUNRI DN DT

O bR E E4H F i 55 Y B Al

O #E: £/ EERIZE FFIELXT

AAXRE: £2HZFIIEEX]
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£ /HZFFEL T

O ERMBPKARIENZFIILERER (B35)

DmFka-iC2

DmCGl2065

SCcTPEZ
SCcTPEL
SCTPES
Cekin-1
DmFka-C1
HsPKRCg
HzPEACa
HsPEACD
DmPEA-C3
H=FPREX
H3sPREY

100
102
125
142
143
136
101

95

95

95
329
104
104

B TF R

B TE
B TR
MTESEE

JIRFHFK
Kl B8

K
E.

asliiel O el BBl e ] 0

FH RE¥

REY
FEY
KEY

Made by GENEDOC

http://genedoc.software.informer.com/
Bioinformatics, 2025, HUST

YMHK!

‘T’
T
‘T’
T
‘T’
T
‘T’
T
‘T’
T
‘T’

b

les
170
153
210
211
204
1e5
1s7
1e7
1s7
397
172
172



X FF 5 EE % O Bf jB) & 2

R EZ&E: O(n?
Gap V D S C Y
Gap "0 NIl -22 -33 -44 55

\ 4
V -11'\\‘4 N7 -18 -29 -40
E 22 N NS 5 _16 -27
- ~ \\
S -33 -18 B NN -1 -12
-y
L -44 -29 -16 -\1\~1 \3
C -55 -40 -27 -12> Q& Q7
\\\5
Y -66 -51 -38 -23 -3Q%]
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LY. RMEE

ARDFSHGLLENKLLGCDSMRWE

GRDYKMAL LEQWILGCD —MRWD

SRDW--ALIEDCMV-CNFFRWD

Z OB R RE: <O(nd)

=%F%): BREIEZE: O(mn) = O(nd)
JU%F5: BFEEZE:. O(n%), FEZL Iz\HTE !

mz&FFF: IFRIBRE: O(n™), Fa%if(a) !
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BjJIL,\;LtU %:lf é IEj

sequence B

sequence A

http://www.ncbi.nlm.nih.gov/CBBresearch/Schaffer/msa.html

Bioinformatics, 2025, HUST




RSHXNFZE: MHEE

BLAST;%:&
http://www.ncbi.nlm.nih.gov/CBBresearch/Schaffer/msa.html

Bioinformatics, 2025, HUST




¢

SMRIEEL: hyperlattice

YV S N _ S
y _ S N A _
A j _ _ _ A'S
&
#
P ;.q-’ /
N
o
ra
J‘;; f'f.
S ‘.
e
ra
\ S N S

Start
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3= ==
= =

O MRS FIIEE, ERAFSIZIERIEER
P—EHMN

vV SN _ S
e N oA _ S N A _
_ _ _A'S - - - AS
L NNESe 2 IZ 88 e B AR I XUF 1) B X}
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MSA: ZFFHIEL3TRI$T 93 SR B

Sequence ColumnA ColumnB ColumnC
7 | — N, ) N
2 W cosinaniising Woisisisi N
¥ GEw o A Mo N
- e | e | C
8 0 e | SERRTPN G v C
N
f*"\
Pl A TN
F’ [} \\-
P I\ ~
II, f" \‘ \\,\ N
NETTTNT
VO X /
\ ol I
‘\ -i" f"“"\- \" !
- Y
N N N C
Column A Column B Column C
No. of N-N matched pairs (each scores 6):
10 6 4
No. of N-C matched pairs (each scores -3):
0 4 6

BLOSUM®G2 score :

60 24 6



ZRFHEE XA E 5 A

) #nif55E: Progressive methods

31X % Iterative refinement

O B BEERE

I S /REIKIRB . HMM profile-profile
¥ &E % Meta-methods

) S5 F4FAE

Bioinformatics, 2025, HUST




Progressive methods g

N

O AR % Pairwise alignment
J ClustalW/X: "Classic Clustal”

@ http://www.clustal.org/
@ http://www.clustal.org/clustal?/

[ T-Coffee
@ http://tcoffee.org/
@ http.//tcoffee.crg.cat/apps/tcoffee/all.html

Bioinformatics, 2025, HUST




ClustalW/X

[ Clustal: 198847

T&

O ClustalW: 19944, Julie D. Thompson

%A&iﬂf\ /
3 ClustalX: 19974,

Multiple Alignment Methods 1994

Table 1

%

A AN S

Data
Method (Developer) Algorithm Matrix* Indels Limits® Assumptions® Features® Type*
Global:
AMULT (G. Barton) ........... NW Any C Y,S R, SE r
ASSEMBLE (M, Vingron) ....... Dot matrix NW Log odds I+E Y,S P
CLUSTAL V (D. Higgens) ...... WL Any I+E | PN
DFALIGN (D.-F. Feng) ......... NW l.og odds C up Y,.E O P
GENALIGN' (H. Martinez) CW, NW UM I+E SE P, N
MSA (S. Alischul) ............. CL PAM250 I+E ROS N B, FA P
MULTAL (W. Taylor) NW UM, PAM250 b S AP, FA P
MWT (). Kececioglu) maximum Any C ROS N P
weight trace
TULLA (S. Subbiah) ........... NW Any RGW 10 sequences S R, SE P
Local:
MACAW (G. Schuler) .......... Sw PAM250 DOS Y SE, FA, MD P
PIMA (P. Smith) ..... SwW AACH I+E Y MD P
PRALIGN (M. W&llcrman} cw PAM250 1+E* Y MD, MC P, N®

DivilIiviiiialuuvy, VLY, 11VOUl




T Clustawi: i R

O FREFFIRMEET, TEHWEKES (&
2) &

O {FHA48EEE (neighbor-joining) #3iElE
&8 (guide tree)

O FixteEBRILNAFFIIA£EIEM
*Z.U%/fll_?_.l_'tts(_}

O “#rigt” dein EE RS

Bioinformatics, 2025, HUST




Hbb_Human
Hbb_Horse
Hba_Human
Hba_Horse
Myg_Phyca
Glb5_Petma
Lgb2_Luplu

= O W R =

Pairwise alignment:
Calculate distance matrix

17

.59 -

59 13 -

77 75 75

.81 73 74

87 86 .88
1 3 4

———  Hbb_Human

——— Hbbk_Horse

E Hba_Human
Hba_Horse

Myg_Phyca

GIb5_Petma

Lgb2_Luplu

\J

Rooted neighbor-joining
tree (guide tree)

EVGGEALGRLL FESFGDLST -
EEEVGGEALGRLLVY] FDSFGDLSN Progressive
AGEYGAEALERMFLS Y FPHFDLS - - alignment:
AGEYGAEALERMF YFPHFDLS-- Align following
VAGHGQDILIRLE' DRFKHLKT the guide tree
YETSGVDILVKFFTH FPKFKGLTT

IPKHTHRFFILVLET

FSFLKGTSE

PP EEXT, 14
3 B AR

In

6 S I 2

it EE X



A. Calculation of sequence weights
G5 Weighting factor
—— A 02+03/2=0.35

01 B 0.1+0.3/2=0.25

0.5

C 05

B. Use of sequence weights

Column in alignment 1

Sequence A (weight a) e P B CIUStaIWE,‘J*Tﬁﬁ)n‘“

Sequence B (weightb) . . ...

Column in alignment 2
Sequence C (weightc)  ......... s
Sequence D (weight d) TRy | S

Score for matching these two columns in an msa =

Score:BLOSUMG25y 4>
a x d x score (K,V) + &

b x ¢ x score (I,L) +
b x d x score (I,V) ]/ 4 s

[axc xscore (K,L) + <

, HUST



ClustalX: £FH3ERg

O FASTARSIER, ZF75

*>SCoTPEL
METEEQNGGGORS LDDROGERSQRGETSERETTATESGNESKSVERECGGETOQRERKPEQPHY
TYYNEEQYTEOF TACOARVT SGEY SLODFOQI LRTLGTGESFGRVHLIRSREHNGRY YAMEVLER
EIVVRLEOQVEHTNDERLMLS IVIHPF I IRMWGTEFOQDAQOTFMIMDY IEGGELFSLLERESD
RFEFNEPVAEFTARERVCLALEY LHSEDIIYRDLEPENILLDENGHIEITDEFGEFAKYVEDVTY
TLCGTPDY IAPEYVETEEYNES IDWW S FGILIYTEMLAGY TEFYDSNTMETYEEI LWAELR
FPPFFNEDVEDLLSRLITRDLEQRLGN LONGTEDVENHEPWEFEEVVWEELLSRNIETEYED
PIooGOGDTEoFDEYPEEDINYGVOGEDEYADLERDE

>SCTPEZ

MEFVAERAQPVGOTIQOONVNTYE0GVLOPHED LOOROOOOOORCHOOLLTSQLPQKS LY
SEGEYTLHDFOIMRTLGTGSFGRVHELVES VHNGRY TATEVLEEQOVVEMEOWVEHTNDERR
MLELVEHPFLIRMWGTFODARNIFMVMDY IEGGELF S LLEESORFPNPVAEFYARE VI LY
LEYLHAHNITYRDLEPENILLDRNGHIKITDFGFAREVOTVTIWT LCGTPDYTAPEVITTE
PTNESVDWWS LGVLIVTEMLAGY TPFYDTTPMETYERET LOGEVVYPEYFHPDVVDLLSELT
TADLTRRIGHNLOSGSROIKAHPWE SEVVWERLLAKDIETEYEPPITSGIGDTSLEFDOYEE
EQLDYGIQGDODPYAEYFQDE

>SCoTPES
MYVOPMNNNEIRELSITAETETTPDNVGODIPVNAHSVHEECSSNTEPVEINGRNSGELEE
BEASAGICLVEREPMLOYRDTSGEYSLSDFQILRTLGTGSFGRYVHLIRSNHNGRFYALETLE
FHTIVELEQVEHTNDEREMLS IVEHPF I ITRMWGETEFODSOOVEMVMDY IEGGELF S LLRES
ORFPNPVARFYAAEVCLALEY LHSEDIIYRDLEPENI LLDENGHIKITDFGFAREYVEDVT
TTLCGTPDY ITAPEVVSTEPYNES VDWW S FGVLIYEMLAGY TPEYNSNTMETYEN I LNAEL
EFPPFFHPDAQDLLEELITREDLSERLGN LONGSEDVENHEWFNEVIWEELLARYTETEYE
PPIOOGOGDTSQFDRYPEEEFNYGIQGEDPYMD LMEEE

»Cekin-1
METRLDIVGNLOFSSSTDNGDEDQEADVTACEFVILEPSPSSEFSELSILDDPVEDFEEF LDEA
EEDFRORWENPAONTACLDDFDRIKET LGTGSFGRVMLVEHEQ SGNY YAMET LDEQEVVEL
FOVEHTLNEERTILOATDFPE LVNMTESFEDN SN LYMY LEF ISGGEMESHLRRIGRFSEPH
SREYALROIVIAFEY LHSLDLIYRDLEPENLLIDSTGY LEITDFGFARKRVEGRTWT LCGTE
EYLAPEI T L KGYNEAVDWWALGYLIYEMAAGYPPFFADOPTIOITEEIVEGEVEFPSHES
NELKDLLENLLOWVD LTERYGN LENGVADTENHEWEFGSTDWIATIYQEKITPPSFSEGESNG
RLFEALYPRVDGPADTRHEVEEVOEPTEFVIAATPOLEELEFVEER

-, S




FAFIH

B ClustalX (1.83)
] 1t M i . it il Eﬁrﬁ Quality Help

B pe!'l.'E'S e — _Fllnt 5ize:|1l] v|

Save Sequences as. ..

F

Write Alignment as FostSeript

Buit

Bioinformatics, 2025, HUST




ITEE %t

B Clu=talX {1_83)

File gdii. R LT T s ol otie Gl ide HalD me  wey
- Do Complete Aligmment I
Multipld _ Prwduses Giride Srmesinlyms = — — 4-
" Do Migmment from Guide Tree
1 Fealien Selected S DROGEESOKGETSERET TR TESGHESKSYEKEGEET JEKFECE
b BALIED SRLlEcled sequences TOOONVNTYGEOGEH LOPHHDE QOREQOOOOORQHOOTETSOTLPOES
3 Fealizn Selected Residue Range ITAKTETTEDHRGOIREVHAHSVHEECSSHTEVERHGENSGELEE
4 STDNGDEDQEADVTARFVEPSPSSESKLSILDDEMEDFEEFLD
5 ETVKEFLEQAKEEFEDEVERENETHTAALDOFER I KTLETGSFEG
B THYELDNHSREREERHNHO TOSEY THLENY I TRARMLGHGSFET
7 RVSESVFANFGECLYSSWELICGDHDSASELRAGRATRTORGE
a VDYSLILDKLREDFHEKFETHTRPSESTGLEDYETIKATLGSGSFEE
9 VEERLAKAKEDELEKERNESEAONTAHLDOFER IKTRGTGSFGEY
10 Al ¢ P : , VEREELAKAKEDELEKNENETONN AGLEDFEREETRGTGSFGEY
11 LEMMEDL DATAmMelers VYHEELAKARGDELYEWMGHEAONTASSDOFERLETRCHGSFGEY
12 Sawe Log File SEKMAEETEDGERATEPSPEATSFERFEVYSLODFDTLARVIZTG
13 Output Format Optiens SREMTEDAADVEPALEPSPEARSPEAPAYRLODCDALVIHGTG
14 - - IYOTRFGHEEVDGDAARDCHORLDL I TEQYEN LSFEELEEFLEVL
ruler ... .. . ... ... .. 200 . ... .. L 1 o, ... 41|
1 kA il
File Fuseful tools\E FF 7l k3 \clustalx1 .8 \PKA_all.seq loaded.

Bioinformatics, 2025, HUST




- R e g ot
s SR 4 B

|Multiple Alignment

M Complete Alignment

F

S=TPE1l
SczTFEZ?
S=TFPE3
Celkin-1
DmFlka—C1
ImPla—iC2
DmPEA—C3
DmCa1l2069)

Output Guide Tree File:

| tools\# FF 51 . Fclustalxd .Eii,F"KA_aII.dnd I

I_ —_— L} J

Qutput Alignment Files:

AEE|

H=FEACa

HoPE ACH Clustal:

il tools\E FE # H #H\clustalx1.

\PEKA_ all.aln

H=FEACT
H=FREX
H=FREY
EcORFYO8

LR R e I el R B S R B R N

I T T T T |

ALIGN | CAMCEL|

-

4 bk

File F\useful tools\# FF#l . H\clustalx1.8 3 PKA_all.seq loaded.

ruler L L e FAD i o Sl

SGHESKSVEKEGEET QEEFEE
ROQOOOOROHOOTET SOLEOKS
SYHEECSSNTEVEINGRNSGELEE
PSSFSKLSILDDEMEDFEERLD
FTHTAALDBFERIKTLGEGSEG
SEYTHLENYITRARLGNGSFET
CGDHDSASGLRAGHATEIORGK
TESESTGELRDYEIEATLGSESEFGER
HNTAHLDOFERIKTEGTGSFGRY
HHAGLEDFEREETREGTGSFGEV
HTASSDOFERLETEGM
LSPEPEYYSLODEDTL
RSFEAPAVRLODCDAT
LDLITEQYENLSFELGRELNVL

Bioinformatics, 2025, HUST




ZREHIEERT: SRR

[ GeneDoc, BioEditZF& {4

#GeneDoc — [Genell

EEMN AN Project Edit Arrange Shade Groups Score Tree BReports Flot Window Help

0w oo bla] mpdelel ] s il TR
Opemn. . . b3 —
= o C QIPIEISIHII|L| DJ% G| sl e|m|£]| 2]t ] MU
—l— Save Ctrl+sS
Save Az, ..
Euport
Frint. .. Ctrl+P
Frint Prewview
Frint Setup. .. GeneDOC ?A{#
Exit

B aln X

File Import: Select Type in Open Dialeg.

Bioinformatics, 2025, HUST




R H BT

|
| D= S| 2% C|S|G| m|cofes|c| /] =] il |5 [him
| =||da| ===l [C QIP|E[S|H|I[L| D% G| =| || | «[w|e|5]i|=| MU

Select Input
“Fild O Cliphem
Pleaze Select The Type of

e ¥ i ol ot i © FIR

I. ~ Clustal (Al " GOG (MSF)
p— I |
(" Phylip (" Text

(" Fazta (DHA *.1 1 IUPAC Tax-

(" GenBank

Import | Input |

Help | Tlone |

%For Help, press Fl
o DIUTTITUTTITAUCS, £2UZJ9, TTUO1




RRINF A

eneloc —

[Genel]

E[ile Project Edit frrange Shade Groups Score Tree BReports Flot Windew Help

0|2 & 2% C|S|6G| =uo|

£

ke

=| |a|

HSEREL
CmPEA-C3
EcORF708

D Plka-C2
DmC=l2069
H= PEACA
Hz PRACL
H= PRACg
DmPka-C1
Cekin-1
ScTPEL
ScTPES
ScTPEZ
Hz PREX
H=z PREY
DmPEA-C3
EcOREF708

DmPka-C2
DmC=l2069
H=PEACA
H= PEACE
H= PEACY
DmPka-Cl
Cekin-1
ScTPEL
ScTPES
ScTPEZ

ADDATHDSSESIEEDDENETDDEEDDDESEES S 3WVOQTARGVEEYHIED
——WEQPDDPRELIEQCAFYRLIGEFDTHLS PVEPRPMY LVINHEVL

For Help, press Fl

Li_EFo FLAR

= ED E L &

Bioinformatics, 2025, HUST

133
135
132
132
132
134
169
175
176
158
137
137
362
318

zZ0o4
zZo&
Z03
Z03
zZ03
zZ05
zZ40
Z46
zZ47
ZEP W



. GeneDoc —

File Froject
D& &
=l o[aal _L

[ =y

He PREX
H=PREY
DmPEA-C3
EcORF708

DmPka-C2
DmCE12069
H= PEARCA
H= PRACL
H= PEACY
DmPka-Cl
Cekin-1
ScTPEL
ScTPES3
3T PEZ
H= PREX
H= PREY

D PEA-C3
EcORF70R

D Pka-C2
DmC=l2069
H= PEACa
H= PEACDH
H= PEACY
DmPka-Cl
Cekin-1
SCcTPEL

Select an area to copy.

[Genell

Arrange Shade Groups Score Tree BReports FPlot Window Help

Pairwise Aligzmment

Find Fa
Find Hext Fino
Beplace Ctrl+k

Ctrl+E

Select Blocks for Copy
Copy Selected Blocks to 4
Copy #ligment as Text

Copy Consensus as Fasta 4q h E L pf d 566 6 Gge 6L3
Copy Conzensuz as Frozite

100 * 420 * 440 *
Select Columns Cirl+L
Fezidue Edit Mode Ctrl+ll

Clear Gap Columns

Clear Man Comments

B Dl

?H:DWH'

'LINEMEY;

LIE 'EI"IN
L "1'EI"IH

Biointormatics, 2025, HUS |

204
206
203
203
203
205
240
246
247
2z
208
208
433
381

245
247
243
243
243
245
280
286w




EEX S RV E AL FN G AL TR

89
149
88

103

Cekin-2 SGG
SCBCY1 NAQ
DmPka-RZ2 ASS
HsPRKARZA N--

Cekin-2  DREXSIRENHIL R PR VEKTH 329
SCBCY1 DYSYSIRIENAR 5 LIDNORYR TRITKR 386
DmPka-R2  OpASINIENANTHI IS ML YRITGG 329
HsPRKAR2A QMYSNENRYT sl i¥Sn YEVVGD 356

Bioinformatics, 2025, HUST




T-Coffee g

O XAClustal}ZF T ERAFIZEBHNER
LEE X R

O XALALIGNEFITERAEFIIZENE
EMERMAEE TG R

@ https://www.ebi.ac.uk/Tools/psa/lalign/

O &R FRS%, EFE8EZEEARBIBTE
R, HERSE
O RB#EE L, BRIRLENGER

Bioinformatics, 2025, HUST




A e— T ————— A

B ————| | ————— — B

A — A

G —— C

B I B
| ClustalW Primary Library

| (global Pairwise Alignment)

A
B

[ B HEAT 2 SR A = S E)

B w
Lal?gn Primary Lit:rm:;rar'g.f (Local ﬂl? ﬁ IJ [:I-/‘XTJ‘
Pairwise Alignment)

¢

= ==

Weighting
Signal Addition

l PRIMARY LIBRARY l

EXTENSION

Xt LA BT B & Rkt

MERG, REFIF
R ST HIER 27

____'#,____

Wt bexy, FET EiRit
HEEIHmEIE

PROGRESSIVE ALIGNMENT

(primary library)

Y

A
B e w— —
C_——

2025, HUST



aJRegular Progressive Alignment Strategy

Segh GARFIELD THE LAST FAT CAT

SagB

seqC

SeqgD
byPrimary Library
9 DERE 1

Segh CGARFIELD
SeqC GARFIELD

THE
THE

=5 GARRFIELD THE
5% e THE

GREFIELD THE

GARFIELD THE

THE FAT CAT

Le‘tSi

THE FA

F&T CAT

rFr-T CAT
YERY FAST CAT

LAST FAT l"J"-T'
FAT C

¢)Extended Library for seql and seq2

FAST CAT

VERY FAST CAT

Prim. Welght = 88

Prim. Weight = 77

Prim. Weight =100

Segh
BeqgB

Saqgh

SagC
SeqB

Begl GARFIELD T
SagD

SagB GARFIELD

AST
IIII
FAST

LasT

1111

VERY FAST ICIf.Fls.T
CAT

LAST

FAT CAT
1]
CAT

FAT CAT
LAR

FAT CAT
L1 L

FAT CAT

[ANRAN
FAST CAT

Weight = 55

Welght = 77

Weight = 100

SagA GARFIELD THE LAST FA-T CAT

SeqgB GARFIELD THE FAST CA-T ---

SagC GARFIELD THE VERY FAST CAT

BagD - THE ===

Fa-T CAT

G B [ = RPN

g
Eﬁ GAR

SegB GARFIELD

SaglC GARFIELD
BagD -===—=-—

GARREFTLEL
FIELLD

FAST CAT
FasT CAT

D THE
THE

WEERY

THE
THE

FARST
Fa-T

CAT
AT

THE VERY
THE ----

FARET CAT
FA-T CAT

Extended Library

gh GARFIELD THE LAST FAT

([ W

SagB GARFIELLD THE

Segh GARFIELD THE LAST FA-T

1
[ Dynamic Programming J

_______ 1

CAT

BagB GARFIELD THE ---- FAST CAT

Prim Weight = 100

Prim. Welght = 100

Prim. Welght = 100

TR T
FEHIZ 1R




i F5 A FERY O] j)

F'Z%‘Y’.%i}i (Heuristic algorithm)
B R RO e Z VIR 1EE R F SR

EIEE%E‘J&EI'J, BRREFFIABFICD,

FeEE3G? FFAE R

HFeH &=

& A. 75, EEEEX. REMUABRE, A
CD, AEBMEHMFS], ERECDRIE?

ERATREHARA
@ B. FEHl kit —EIEA RS
O P52 BIEFRBAR, ik

Bioinformatics, 2025, HUST
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ST

— _ Seql: ARKCV
O = %31 Seq2: ARCV
Seq3: AKCV
W ﬁSeql 25cEE T, ARKCV
B INASeq3: AR-CV
A-KCV
0 Seql, 35cEExT, ARKCV
BNASeq2: A-RCV
A-KCV
m S_eq2 35cEExT, ARKCV
BIIASeql: AR-CV

AK-CV

Bioinformatics, 2025, HUST




%

RS Ja_ﬁziﬁ?" Mo, FEZ
ClustalW/X{E{ERY o] fa

O PRRP/PRRN
@ https:.//www.genome.|p/tools-bin/prrn

O DIALIGN
@ http://dialign.gobics.de/

Bioinformatics, 2025, HUST




PRRP/PRRN g

,ﬁhC’ | 1. SBH “Widt” BiREAT
- : = £ 751l
. 2. HTFLFHI 4R
e F AL

o b s ooy 3. EFEFFIZ M
w““ZD WBET, TR “Wi” S

Irnll

82 DGMNAGLAQDYVKAGDTR-VIA : :
84 DGMASGLDKDYLKPDDSR-VI A HEE;:I'(F\E Hetipmorntio 1&1 g }?ﬁ J [:IﬁX‘J‘
44 ———meeee-DSIPSGVDASKI- ultiple Alignment l

BHR FRPIER, HEIL
%71‘ BRAEHZNIE

Irnll

, 2025, HUST



DIALIGN %

O X EFIHITRABZIENE

O XEIFTAREBLERERTML; HEEH.

HI.

5—HHY (consistency)

EFE R AM2
DﬁﬂTM*&ﬁm FHEFELYT, BAI

ﬁ’F’JEJ?.I\/IZ

O &8 EAPR, HEIERWE

Bioinformatics, 2025, HUST

aR B DL EE X

PLECER ST i

PLECHYRRST, HIRGEIML, 15—ERVER

i



—HH vs. A —HH

K*ﬁl[ﬁl‘] (Non-consistent)

I AN LF. I AVLFAED
I Lo L
L.ﬂl‘»,-'TrL L AW -~ 5
NN .
WDDVTF DAE wbDDVTFDAE
A B
I AV l.]' AED I A- VLF- AECd
L1
T..—'-L‘i.T \\\ L A - VI F G s
“x”‘a“x
WDDVTFIDAE wd d VTFEF d AE -
C

— &) (Consistent) El’JHﬁXJL G

Bioinformatics, 2025, HUST




DIALIGN: EZE#iTz g

S, Sy SN
/ /
v // / (a)
/ / /
S, <, Sn_
.-"'M 1
Overlap weights (b)
l Sort diagonals (¢)
v'"M |
1 Consistency! (d)
JM 2

DIVl vl lIIauvy, VLY, T1VOol




1. iteration step

Y I A F L IF A WD D ) I A F L F
/7 : Droyy YLk
L A C F T S
<N WD D CF 1 F
S WE D F MF A E D 14 ) Dy
WE D M F
weight scores: Ml:{Dl’ D2, D3, D4}
Dy Dy, Dy D,
weight 0.2 2.6 17 2.2 M2={D1, D2, D4}

overlap weight 0.2 5.3 4.7 4.9

2. iteration step

Y 'L F A WD

// \\\\\\ Ds F MF AED
) M1={D1, D2, D4, D5}

S WE D F MF
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55 A REEA: POA &

O https://[simpsonlab.github.io/2015/05/01/understandi
ng-poa/

O https://sourceforge.net/projects/poamsa/
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(b)

CONSENSA
CONSENSO
Hs#5663801
Hs#5337687
Hs#5629177
Hs#5672957
Hs#5672182
Hs#5674099
Hs#5196113
Hs#5994400
Hs#5550772
Hs#580460
Hs#539701
Hs#51988018
Hs#5341915
Hs#51794113
Hs#54698
Hs#5813765
Hs#51184845
Hs#51577463
Hs#5914987
Hs#51985364
Hs#51465644
Hs#51850471

A.GTTCCTEC.
A.GTTCCTEC.
AﬂsTTCCTGc
4.GTTCCTEC

A.GTTCCTEC.
A.GTTCCTEC.
A.CTTCCTEC.
A.@mﬁdeﬂ

A.GTTCCTGEC.
AGTTCCTGEE.
A.GTTCCTEC
A.GTTCCTEC
A.GTTCCTEC
A.GTTCCTGEE.
AGTTCCTEC
A

. G‘I‘ICCTGC

AGTTCCTGE.

................. TGTAdﬂT.GTTTGTGAQG.cﬂA
TECETTTECTEEACTEATGTACTT . GTTTETCAGS . CAR

TEOETTTGCTGGACTTATSTACTT  STTTETGASS. CAR

LIGCETTT GCTGGACTGATGTACTQESTTTGT AR
LIOECETTTECTEGACTEATETACTT . GTTTCTWASS . CAR

Bl e

TECCETTTGCTCCACTGATGTACTT .GTTT. . . o v o w s

TECETTTGCTGGACTGATSTACTT . GTTTCTGAGS. CAA
TGI!rSTTTGCTGGACTGATGTACTT LGTTTGTSAGS . CAR
.................. GTFLC&T‘ LETTTETERAGSE. cﬂn
TECETTTECTEGACTGATGTACTT . GTTTETGAGS. CAA
TECETTTGCTGGACTGATSTACTT . GTTTETGAGS. CAA

LOECETTTECTECACTEATGTACTT . GTTTGTCAGE . CAR
. TGA’_ﬁTTTGCTGGACTGATGTRCTT . ﬁﬁTTGTGﬁGG LCAR
LIGCETTTECTEGACTCATETACTT . GTTTETGAGSE. CAR

TEOECTTECTGGACTGATESTACTT . STTTETGASS. CAR

LIGCETTTCCTECACTSATGTACTT .. GTTTET z.CAR

.!CGTTTGC!GGACEGATGTACTT . GT'II;'TGI-'-.GG LCan

.................................. G.CAR
................................. GG CAR

............. CTGATETACTT. GT'II;'TGI-'LG AR
TEIETTTGCTGEACTGATSTACTT  GTTTETGASS. CAR

_.crrcfhecfrecerrrectdhcreareracrr crract. . can
.GT XoTec. TTTGCTGGACTEATGIACTTE:TTMGT.AGG.CAA
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[ /REIR$=EL: ProbCons

[ http://[probcons.stanford.edu/

O FE ik

O ERBFSIRIAAEELXT, Bidprofile HMM
B RS TIUFSIEE 3

O s EESIEREEES
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S EEMUSCLE g

O RBEZSA=1ERST, B ERTHEXTIRAL
[ Draft progressive:
@ (1) XFEFT, HEEEXBK-mergy/E18;
@ (2) UPGMA%’-}H’JE?,IEW
& (3) EHAHEZFHITZ FIILLXS

A= AEFIZBNEEARXATDESH
RIEEHITEESY, A8
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T wsoee B

O Improved progressive:

@ (1) BETk-merfSRINRATRES=HE IR R,
A, XBAKimurate BRI EK-merf =4
HNEF T EEEEER

& (2) EXFHUPGMARIE #{L i
& (3) ERAMHEF A HITEZFIILERT

Bioinformatics, 2025, HUST




T wsoen B

[ Refinement:
& (1) AL EHkE—5%aa, Bk
& (2) FEIMLAR, XBHEM, THHEprofile
& (3) IFHLHprofile#1THE XS
& (4) MRJARFTIES, REER, TUEFR
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MUSCLERIE LRI

MSA1

2.1 compute
Jeids from MSA1

Kimura distance

matrix D2
—= — ' No,
— delete
— — ' Yes,
— save
MSA3

1.1 k-mer 1.2 1.3 progressive
counting [ 11| UPGMA alignment
unaligned
sequences k-mer distance TREEA1
matrix D1
2.3 progressive 2 2 UPGMA
MSAZ ahgnment TREE?2
— 3.3 re-align  psa
/>/:< 3.2 compute  profiles ' 3.4 SP ,
! \§\ subtree profiles score better
/
3.1 delete

repeat
edge from TREE? P

giving 2 subtrees

e I TN T T T IMALI ) eVl ry | I 1




MUSCLE: B35

MUSCLE has been cited by

49,171 papers
Google scholar
Last updated 26 Jan 2023

Download
Documentation
Support and feedback

MUSCLE v3

Next-generation MUSCLE

Muscle v5 is a major re-write of MUSCLE based on new algorithms.

Highest accuracy, scalable to thousands of sequences

Compared to previous versions, Muscle v is much more accurate, is often faster, and scales
to much larger datasets. At the time of writing (late 2021), Muscle v5 has the highest scores
on multiple alignment benchmarks including Balibase, Bralibase, Prefab and Balifam. It can
align tens of thousands of sequences with high accuracy on a low-cost commodity computer
(say, an 8-core Intel CPU with 32 Gb RAM). On large datasets, Muscle v5 is 20-30% more
accurate than MAFFT and Clustal-Omega.

A"gnment ensembles |

Muscle vo can generate ensembles of high-accuracy Ml‘lﬁc"-?? Sachubte, ealioats alfarsssets
alternative alignments. All replicates have equal o -
average accuracy on benchmark test, including the A e i
MSA made with default parameters. By comparing £k L _:_, ¥ -
results of downstream analysis (frees, structure nvﬂ“TUhE : S m
prediction...) on different replicates, you can assess the

effects of alignment errors an your study.

—__ 0O http://www.drive5.com/muscle/ ——




MUSCLE: {EiAH

o BOBRRE

E:smuzcled.tmuscle —in PEA.seq —out PEA.aln —cluw

MUSCLE v3.6 by Robhert C. Edgar

http: 72w .driveb . com/muscle
Thiz zoftware iz donated to the public domain.

Please cite: Edgar, R.C. Mucleic Acids Res 32<(5>»,. 1792-97.

PEKA 14 seqs, max length Y88, avg
2 MB(3x> Iter
2 MB(3x> Iter
MBC11x> Iter
MBC11x> Iter
MBC11x> Iter
MBC11x> Iter
MBC11x> Iter

length 483

188.88x K-mer dist pass 1
188.88x K-mer dist pass 2
188.88x Align node
188.88 Root alignment
188.688:x Refine tree
188.88 Root alignment
188.88 Root alignment

e I e R B R B B R - B |

MBC11:x5
MBC11:x5
MBC11:x5
MBC11:x5
MBC11:x5
MBC11:x5
MBC11:x5
MBC11x5

Iter
Iter
Iter
Iter
Iter
Iter
Iter
Iter

OO0 =] LA A G L B D DD e e e e

188 .88:
188 .88:
188 .88:
188 .88:
188 .88:
188 .88:
188 .88:
188 .88

Refine
Refine
Refine
Refine
Refine
Refine
Refine
Refine

hiparts
hiparts
hiparts
hiparts
hiparts
hiparts
hiparts
hiparts




Clustal Omega

L)
(nm

O B RREEUMUSCLE

@ http://www.clustal.org/omega/
@ https://www.ebi.ac.uk/Tools/msa/clustalo/

Clustal Omega

"“The last alignment program you'll ever need”

aff
UCD

DUBLIN

CLUSTAL

Home Webservers Download Documentation Contact News

Introduction

Clustal Omega is the latest addition to the Clustal family. It offers a significant increase in scalability over previous versions, allowing hundreds of thousands of
sequences to be aligned in only a few hours. It will also make use of multiple processors, where present. In addition, the quality of alignments is superior to
previous versions, as measured by a range of popular benchmarks.

Please note that Clustal Omega is currently a command line-only tool.

A full description of the algorithms used by Clustal Omega is available in the Molecular Systems Biology paper East. scalable generation of high-guality protein
multiple sequence alignments using Clustal Omega. Latest additions to Clustal Omega are described in Clustal Omega for making accurate alignments of many

protein sciences

Webservers Download Clustal Omega




3 2005, SPEM
O3 7: GFEERRMN-REMRER

2

Query SP “ for pairwise sequence alignment Query
Sequence 1 Sequence 2
: o )
» PSIBLAST = 5er. Profile :{ __lrl. Seq. Profile | | PSIBLAST j=+—

—= PSIPRED |—={ 2nd. Struc. \_\“ﬁf 2nd. Struc, +— PSIPRED

]

Secondary-structure— Dynamic

dependent Gap Programming
Penalties

¥

Optimized Seq.
Alignment




SPEM

O FFHENES: EREXEBHHES

O FHIEUER: LEEAeTRS7-15%

e—e SPEM

o--0 ProbCons
A--A MUSCLE 6
o—0 T-Coffee
=& ClustalW

00
. . -~ I ' [ ! I
SPEM for multiple sequence alignment = |
7
N Sequences : & 90
. >
L0
l 3
N(N-1)/2 Pairwise op? >
Alignments §
' —
Consistency-based DN gonsisteﬁctvjbased 1y
. ) coring atrix, (14
Refinement Programming Zero—gap Penalties 15 7
] S 60— ,’f’i
. . / '
B[Jlldlng Neighbor ..‘E -/ .("
Guide Tree Joining Method g 4 f‘,’
G -
' E 50—
c U
Progressive = - Sequence identity— o W
. . e based Scoring, = =
Multiple Alignment Programming Tara-ion Penalilis < a0l ) | 1 |
: 10 20 30

Global Multiple Alignment | Average sequence identity (%)

—_— I




PROMALS

() 20074F, FEFllidentity<10%H/Y%% K51 EE %t

I

¢ WIRERREZERF
ﬁ T — 2R 25 %4

@ RORBXRE: ZEFEBFT M RLEH
& A BANBRIT o

I k 2. Align similar .__. 3. Select O;‘ne
—_— 1 -!T?Gf sequences ina T, Trm— — sequence rrom
Counnng . fasr Hfay s.-“nu-----“"u------ each group
N\ \ “emamamassamamsmamansssast’ '\\
/ | / - : 4
N input sequences N’ pre-alianed N’ representatives
UPGMA t ikaip s 2bir
ree groups (N’<sN)
4. Run PSI-BLAST
and PSIPRED
7. Merge pre- 6. Do progressive 5. Build profile-profile
T — : ¢ seemssemsesensenses,,  @lignment based HMMs; consistenc
j ———3 dligned groups; , : . - Y —
E t refine gaps ' e : or: consistency . transformation —
e £ ] i <—] - <:: e
H N T — — —
§ T — - ..‘-IIIIIIIl'.l.l.l.lllll... _
rmmm—— " : , Probabilistic N’ profiles with predicted
Final alignment Alignment of N consistency secondary structures

of N'sequences representatives objective function




HibZFFILEx TR

O MAFFT: #i# & iE541¢

@ https:.//www.genome.|p/tools-bin/mafft

O T-Coffee (M-coffee): B4 H b T B
45 3R

@ http://tcoffee.crg.cat/apps/tcoffee/all.ntml

[ Multiple Sequence Alignment
@ https://www.ebi.ac.uk/Tools/msa/
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ZREFILEX : MHREIIE

O BAIIBASE: ETERR=44H, 356
— R IEME B RFYHITZ FHIEL iR

O ZFILEF TRERMERERIE: 8RS
BAIIBASERRHIEE MG REM &

@ http:.//www.lbqi.fr/balibase/

Welcome to BAIIBASE 4

download the whole benchmark by html




putative AMP-binding motif
a. .180 190 200 210 220 230 240 .250 . 260 l 270 1.280 290 .




%

O ClustalW/X: & #, H# ZEZHNIE
O MUSCLE: E‘-uﬁ?ﬂ’]%"ﬂ*?ﬂtbi‘flﬁ
3 Clustal Omega: RK{LAMUSCLE

O T-Coffee: FFHIMENYE:SET & AER
O DIALIGN: 5B RO ERR

O POA: MREIEIRT-CoffeeFIDIALIGN, HRE
xR (BHEIEERTF=RNFEIES )
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