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BLEFS: EX

O Ortholog (HARRBIEREFY) : ANEREES

B EGHmM~ZE, SETARIFE &I
EIEENBRINER, HERNIFHPRIE—EE,
—ﬂﬁﬁﬁﬁﬂﬂﬁﬂl

3 Paralog (ZRREIEFS]) : BANERER—4
frp, BEZELD—REREFINEHM~E

3 Xenolog (RERERFF) : HE—MKEE
BEHMSINRERIERFS

¥

Py o

Bioinformatics, 2025, HUST




BEAREREFY: 97k

Human Plk1 Human PIk1

l fly POLO

mouse Plk1 .
13 \ mouse Plk1

fly POLO

|

Yeast Cdc5 |
Yeast Cdc5
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55 REIRFY: EEEH

Human

Plk1 pik2 Plk1
l Plk4

Plk1  Plk2 B \
| PIk3

Plk1 Plk2 Plk3

l

Plk1 Plk2 Plk3 Plk4
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— AN EF0)fR

Yeast Cdc5

7NN

Plk1 Plk2 PIlk3

O EARRERFY vs. SEREIREFS?
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W FFHIEE XTI

Dot Matrix, =p&%

Bj]lu\;ija]%/f .
# Global: Needleman-Wunsch
#Local: Smith-Waterman

Word or k-tuple&E%k: FASTA,
BLAST
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O ¢

19705, Gibbs & Mcintyre

O S ABEFIBER B AT RERYEL XS

O ZMER RS EDNARFS _EIE G & K& [6
HEZ

0 ZIIRNA AT REFFERY B4 X 15

OTH:

@ https://dotlet.vital-it.ch/
@ https://myhits.isb-sib.ch/cgi-bin/dotlet
€@ http://www.bioinformatics.nl/cgi-bin/emboss/dotmatcher

Bioinformatics, 2025, HUST




O ¢

19705, Gibbs & Mcintyre

O S ABEFIBER B AT RERYEL XS

O ZMER RS EDNARFS _EIE G & K& [6
HEZ

0 ZIIRNA AT REFFERY B4 X 15

OTH:

@ https://dotlet.vital-it.ch/
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Dotlet JS 2

& C | & https://dotletvital-it.ch ® %) @ :
SEQUENCE 1 SEQUENCE 2 Window size Scoring matrix —
: e 15 BLOSUM 62 =
Sequence 1
Q,

Z 9ouanbasg

[246 x 244] # Score at (1:M, 1:R) : -8
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TR ¢

O TH R, BREMLUREAT S
O EEXRIE: 1BRARINEHXNEE

O £ E{LEE*: Needleman-Wunsch

& BLAST (Global Alignment),
https://blast.ncbi.nim.nih.gov/Blast.cqi

O BEELEEXT: Smith-Waterman

& EMBOSS Water,
https://www.ebi.ac.uk/Tools/psa/emboss_water/
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Y vs. ZRYEE %t

O AZFHIREIE -> VAR EYIF T &

SUMO-1
SUMO-3

SUMO-1
SUMO-3

SUMO-1
PCTK3

Good

5 EAEKPSTEDLGDEEEGEYIELEVIGODSSEIHFEVEMTTHLEELKESYCQREQGVEMNELEEF 64
E EP = KE E ++4T LEV Q0D 5 + FE+E T L EL ++¥C+RQG+ M +ERF
3 EEKPEE---GVETENDHINLEVAGODGEVVOFEIKREHTPLEELMEAYCERQGLSMEQIRE 59

65 LFEGQRIADNHT PEELGMEEEDVIEVYQEQTEE 97
F+=0 I + TP +L ME+ED I+W+0Q+0QTEE
60 RFDEQPINETDTPAQLEMEDEDTIDVEQQQTEE 92

Bad

1 MEDOEARPSTEDLGDEEEGEYIELEVIGODESETHFE--VEMTTHLEELEE 49
+ 3 + 5 D+ K T+EL  +&+ 4+ FE E+T +L LEE
152 LERMSREASLEDIGFGELETYVELDELGEGTYATVFEGREKELTENLVALEE Z0Z
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T BT 57 B FFFIEE X

O(n)=mn=n?

// 12345678...
|

g/////////// 12345678..

N\ 12345678...

=
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TR R S

O ACPURYITEETEIMAFESHERSEE

J0()=..., REE3E

O XTEEFRER, HBRUHEnEZRER
i} 18] & —XE BYf(n)

O NRFEMRBEBHIX NS BRUBEND
SERRRIEEE, MO(n)=n?

O s FEE¥K: O(logn) > O(n) > O(n?)
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NPjo] g

O —fgE, O(nk), Hk<3 B, AL TR,
BABZLIE
7 HO(nk)= SRR, WIS
O NPXERR: JoiEik B ge £ 2N\ B8 & 2
& R fEREY o] @
O R AFEMRALE R, Skim{oLfR
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#7 9Jduanbag

“-" Insertion

““" Insertion

/
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AR 5 R FHIEE S

O n=1, 3% Lk 34 A A
O n=2, 13% bt 3¢ ©
a...
mEEE LA AB -AB  -AB
CD CD- C-D
Ja(n,n) > (n;r(z,,)ﬂ()zzn)! Co-  Cb
O n=1, a(n, n) =3 o co
I n=2, a(n, n) =12 <13 o b
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AR 5 R FHIEE S

O RWFEFIILLR, RIFEMA, FHEIERER:

A (n+2)(2n)! S \/E(n+2)e‘2”(2n)2"+% _ Jr(n+2)22%n

[ NP-hard o) i !

O XS, HfFai:

X!=+/27TX 2e
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T

O & *ERE
& F&FHEE: identity

& FEEN: similarity, MM, FEER/ME
H2Z BB ET

O N\ FAfR 5L
O =59
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B RIERE R A &

O EEACE AnBFIIXFIICE Am B FFly
O SxAXFHREIN; y Ry FIPRIE AL

O X F AR E B R IRE

R, {

30, v, HIBRE R, WREFSITEL

P(x.y|R =] a.[ T,
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B EENRE (2)

T ¢

O 3T 5

519/

JLALHRE

M, BPFH

UNiT:

Ikt -

P(Xa y ‘ M) — HPxiyi

O AIMUARMEZ BRI EFR L2 {E (odds

ratio):

PouyIM) 1] Py

POGYIR) - [Ta] L0y

_ H pxiyi

i CIxiqyi



B RIEREIEE (3) &

O ZE3k->FM; BUHE, KXTHJLE{E(log-

odds ratio):

S =504, Y,)

O#FAH

P
s(a,b)=log(—)  wemmen
qaqb
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SR 5 &

O &S d SRTINSY; 9, S6K
r(g)=-gd
OBERTS: d E—RAINIY; 9, =
R%; e, BERMSH
r(@)=-d-(g-le
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BVFAFENSRNEE (2)

O BENRRUFILERT, BHNEIEREIT:
O(22"), FHHIBM, FEKHZME
O Z7SHKIFE: LR B RERVF XY,

ZELE, SERCARZEMT] 57, FHARE
X R B ¥ il 7 25 T T B 18] A

O &5 : BLOSUMG62,
R EUTIo: 11
& M= {AIsi4: 1 (BLASTLA)
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Bil: WEHEE T %

3 K511 V D S — C Y
O F512: V E S L C Y
D EREEDLHSE: 4 2 4 -11 9 7
O ARFFILEX RS

[ Score=2(AA pair scores) — gap penalty =
15
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SHXIEL: £/

Gap V D S C Y
Gap O |1lgap 2gap—- S
V. | 1gap
E | 2gap
S
L
¢ Al TS
LA r(g)=-gd
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ER/EFT (2)
Gap V D S C Y
Gap | O_ | -11 | -22 | -33 | -44 | -55
v | -1,
E | 22 FR S, m/\;& BATL i
S | -33 ;31 ésll 15 Sipp ANS, i HI97
. | _4a4 M, SRR L A B
KX R vE, A PAFE K A
C | -9 R4 1 N ) i B — e
Y | -66 RIS &SR GEE, T B G

{13218y 0 B L FE -
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£ R/EEXT (3)
Gap | V D S C Y

Gap | O -11 22 | =33 | -44 | -55

v | -11—s!,

E | =22 Needleman-Wunsch.75:;

S -33 N

I [5] 52 2% 5 O(n?)

L | -44

- e S;=max ot S;, ;,*to(x;,y,)

¥ — < Sipi-d (NERE)

LS, -d (M EEIT)
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ZRLLXT (4)

Gap | V D S C Y
Gap Ok —11 -22 | =33 | -44 | -55
-11
V —11&_ >
E -22
S -33 Needleman-Wunsch & 7%;
L | -44 Fi 8] 52 2% £ O(n2)
C 95 Sij =max of (S, [ o(X;, Yj)
Y | -66 |

3 S - d (NERIA)
e S -d (AN EFT)




£ ELExT (6)
Gap V D S C Y
Ga 0 -11. =22 | -33 | -44 | -55
vp 11 | 4 \138 g
N i)
E -22
s | _33 Needleman-Wunsch&.12:;
| _44 I 8] 52 2% BE O(n?);
C -55 S;; = max of Sipia ™t o(X;, yj)
Y -66 < Sy ;-d (MW RIA)
; - Si,j_l -d (M EFEH)



£ R/ELxT (7)

Gap V D S C Y
Gap | O -11\§§22 -33 | -44 | -55
vV | -11 4?-%'11
E | -22
S | -33
L | -44
C | -55
Y | -66
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Gap V D S C Y
Gap O\\i:ll -22 | -33 | =44 | -55
\Y, -11 4 -7 | =18 | =29 | -40
E =22 | -7 6 -5 | =16 | -27
S -33 | -18 | -5 10 -1 | =12
L -44 | -29 | -16 —1\ 9 -3

C -55 | -40 | -27 —12\8\ 7
Y -66 | -51 | -38 | -23 —3\‘15
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[Blf: EEXTZER

Gap V D S C Y
Gap | 0™ ~N11 | -22 | -33 | -44 | -55
V | -ITRM4_ N 7 -18 | -29 | -40
~
E 22| Y X6J\-5  -16 | -27
S | -33| -18 | -5 -1 | -12
\N\
L | -44 | -29 | -16 -\1\:9 -3
C | =55 | 40 | —27 | -1 \8\\\\‘7
Y | =66 | =51 | -38 | =23 | -3¢ ‘_1\5
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EE X5 R » D S - C Y
E S L C Y

Gap V D S C Y

F
Gap \ \ ]\ -22 | -33 | -44 | -55
V| -1T4_ N <7 | -18 | -29 | -40
E | —22 -\7\ 6 (-5 -16 -27
~ \

s | -33|-18 -3 1\0\—1 _12
L | 44 | 29 | -16 -\1\:9 _3

C 55 | a0 | <27 | 1B N0 D7
Y | —66 | -51 | -38 | -23 | -3u15
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BRERRALEERT (2)

O Smith-WatermanE&E X

O B [E] & 2% E O(n?)

1S, =max of 0

] Siijq 1 (X Y))

m Si.ij- A (MNERIR)
m Sij1-A(MNLERET)

O A&fFIh: gap: 12, Zk43T9RE
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BEEBIALEL XS (3)

Gap L D S C H
Gap 0 0 0 O 0 0
G 0 }St-
E O
S 0 Smith-Waterman.7%: ;
L 0 S;=max of S, +a(X;y;)
C 0 < Si1.;-d (ME2A)
K 0

Siii-d (M LEZRIT)
L0




BREBLALLEXT (5)

Gap L D S
Gap | O 010 | O
G | O o} b
E 0
S 0
L 0
C 0
K 0
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1T 5 A RRE? &

[ Smith-waterman&:x¥T4: 99
O BiEITS: -4+2+4-1249-1=-2
O AfANE]?
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Needleman-Wunsch& %

O https://blast.ncbi.nim.nih.gov/Blast.cgi

Specialized searches

I I
SmartBLAST Primer-BLAST | Global Align | CD-search
I |
| !
Find proteins highly similar Design primers specific to | Compare two sequences | Find conserved domains in
to your query your PCR template I across their entire span | your sequence
I (Needleman-Wunsch) i
IgBLAST VecScreen CDART Targeted Loci
Search immunoglobulins Search sequences for vector Find sequences with similar Search markers for
and T cell receptor contamination conserved domain phylogenetic analysis
sequences architecture
Multiple Alignment MOLE-BLAST
Align sequences using Establish taxonomy for
domain and protein uncultured or

constraints environmental sequences




Global Alignment

U.S. National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI

BLAST * » Global Alignment Home  RecentResults  Saved Strategies

Needleman-Wunsch Global Align Nucleotide Sequences

Nucleotide = Protein

Needleman-Wunsch alignment of two nucleotide sequences & Resetpage Bookmark
Enter Query Sequence
Enter accession number, gi, or FASTA sequence & Clear Query subrange &
From BLAST results will be displayed
To in a new format by default | New |

You can always switch back to the
Traditional Results page.

SRR IR AUREAI A o
Job Title

Enter a descriptive title for your BLAST search &

Enter Subject Sequence

Enter accession number, gi, or FASTA sequence & Clear Subject subrange &
From
To
2l el RN IR
Aligl Show results in a new window

(+) Algorithm parameters
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Smith-Waterman& %

O https:/Iwww.ebi.ac.uk/Tools/psa/lemboss_water/
EMBOSS Water

Input form Web services

Help & Documentation Bioinformatics Tools FAQ ‘

Tools > Pairwise Sequence Alignment > EMBOSS Water

®,. Feedback

Pairwise Sequence Alignment

EMBOSS Water uses the Smith-Waterman algorithm (modified for speed enhancements) to calculate the local alignment of two sequences.

STEP 1 - Enter your protein sequences

Enter a pair of

PROTEIN




