EUERF

BNE WEFIELRY
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B ABEFILLS &

[ Sequence alighment

0 BFFEiEF5EEVIGEFTN

O BEFES :
FERTE —— INeeRdRTHE

O iFs .
& HHE—RE=REENER LTINEE
& EHERFBFRTIEREFHFHIBONARKFRTE
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a

O FRABRIEDEREIFETFR—1H%

m gauxeuﬁmﬁz , MEE#tLt , FAEEEE
3T

O BEREL :

FiREFE —— Z13(FRFE

O3S : RZULAFIE
ZERTE —— FIlFRTFHE
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N

é

3 Ortholog (HERMIER ) : AN EEETFAZE
S~ E | iEFARIHMIRIEAIREHE
FTHBRANEE , SERNMIHPE—EE , —
BB ERAYINEE

O Paralog ( BRERBER) : MM EEERE—2#H ,

BIEL—XRBESHIRSEMAT~E
0 Xenolog ( ®MEiR) : HR—1KEREEEZS
HmiSEINEIRFEY
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= vj npt

Human Plk1

|

mouse Plk1l

|

fly POLO

|

Yeast Cdch

Human Plk1

l
Yeast Cdch
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mouse Plkl



{
I
bax
(Il

Human

Plk1

l

Plk1

l
l

Plkl PIk2

piky Plk1

Plk2 ﬁ% \

Plkl PlIk2 PIk3

PIk3 Plk4
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Plk4

Plk3



=FA ]

Yeast Cdch

7NN

Plkl Plk2 PIk3

O BREERS vs. EREEFRES ?
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WL

T Dot Matrix , Bap&Ex
j ﬂ]lu\*}utu%lﬁ

# Global: Needleman-Wunsch

$ Local: Smith-Waterman
O Word or k-tuple&ix : FASTA, BLAST
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_____aswamz |

O3 I1R8, SIEELANRSET 2
O LEEE - BN EISHIEIEE
O 2BIRAEEXT : Needleman-Wunsch

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

O BERMIEALELXT : Smith-Waterman

& EMBOSS Water,
https://www.ebi.ac.uk/Tools/psa/emboss_water/

Bioinformatics, 2026, HUST
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https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ebi.ac.uk/Tools/psa/emboss_water/

8FE vs. Z/EEXs

O AFFIIREUYE -> HIUHER R EYIFThEE

Good

SUMO-1 5 EAKPSTEDLGDEEEGEYIKLEVIGQDSSEIHFEVEMTTHLEELEESYCOROQGVEMNESLEF 64
E EP G K E +4T LEV 0D 8 + FE+E T L EL ++YC+ROG+ M +RF
SUMO-3 3 EEKPKE-—-GVETENDHINLEVACODGSVVOFKIERHT PLSELMEAY CEROGLSMROIRF 59

SUMO-1 65 LFEGQRIADNHT PEELGMEEEDVIEVYQEQTGES 97
F+30 I + TP +L ME+ED I+V+Q+QTGGE
SUMO-3 60 RFDGQPINETDT PAQLEMEDEDTIDVEQQQTES 92

Bad

SUMO-1 1 MEDQEAKPSTEDLGDEEEGEY IELEVIGQDS SETHFE--VEMTTHLEELEE 49
+3 + 5 D+ K TTHRL  +&+ + FE E+T +L LEE
PCTK3 152 LSRMSRRASLEDIGFGELETYVELDELGEGTYATVFKGRSELTENLVALKE 202
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FEMASUUFILL [

O(n)=mn=n?

// 12345678..
// 12345678..
12345678..
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TSR

O ACPURSITERBEIFfIREFELESEREE

3 0()=..., HESHRE

O WFEERFRRYIA , HEpEEnizHERY
Bd18l 2 —RERYf(n)

O MR EEERRAABIK NS RAIEENEY
SERRLIEEL , MO(n)=n?2

O YFEHiEZFEiH : O(logn) > O(n) > O(n?)
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NP &

O —A%RY , O(nk), 2k<3 BY , JILIRZUAIE ,
BAaZLE

O HO(nk)= 1aZIZRRIME , MIRELARLIE

O NPHERR : FEiEZIRENSES I\ IRIS 5%
ERfHRAIE

O EUREAMARE , Kbl
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B P RINEFIELXT

#7 9Jduanbag

o

“-” Insertion

“.” Insertion
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SSEASKTNSIY

O n=1, 3Fh L3+

A A- A
O n=25 13*'11 ttit.l- B B B
...

O VAMNE AB -AB  -AB  AB-
Ch CD- C-D -CD
(n+2)(2n)! ] _ -
OJa(n,n) > 2 ()2 o e %
A n=1, a(n, n) =3 o eh oo
A n=2, a(n, n) =12 <13 ST

Bioinformatics, 2026, HUST
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SSEASKTNSIY

O AR, RFEMN, HEEREN:

A (n+2)(2n)! > \/ﬁ(n+2)e_2”(2n)2n+% _ JT(n+2)2%n

I NP-hard|o) & !

D ﬂl:lﬂ’ 4:i ﬁ**/l—}-it

XI=A/27TX Z2e
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ST ¢

O &1ViEE
& Z1348[E : identity
& FREMN : similarity , tB{ETE , [EEL/R,

H2Z B9 CFNE3E
O ERANFERSE
O 35
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SIER AR &

1 BN RIRESIXFHL R Fom By

7 Sx BRI ; vy BEUrhRSE;

O WF IR EREAGEER | B HIAA
Hq,, v HRASEE, , WAREITERE
R

P(x yIR)=[Ta.]a,
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SCIEFFRVIRE (2)

O T BEES/CESEM |, B4 SIS
W0 =y | I -

P(X1 y ‘ M) — H I:)xiyi
O AR EZ BRI EEEFR 9 LEE(E (odds

ratio):

P(X, y‘ M) _ Hi pxiyi _ H pxiyi
POGYIR) [ o] Loy 7 dudy




SCIEFFRYIRE (3)

O tESR->iEN ; BNRIEY , ROEULERE(log-

odds ratio):
S = ZS(Xi ’ Yi)

OHFH

P
s(a,b) =log(—2>)  memmen
qaqb
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_ sans

O &9 : d, BRI EL ; g , U
r(g)=-gqd

O ZIERNIS: d, B—XJ507%; 9, &
M e, ZIERMNSH

r(g)=—-d-(g—-1e
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EAFESHEIRE (2)

O BX(URINEFFILLYT , BREISRER :
O(27) , a&ianm , TiEREINHE

O SiSMRIEZ : LU FRE T seRI=FTXT |
ErEtfEe, ElEclA=uiis . FRISE
MR HIES IR A EIA

O E4{CiEE : BLOSUMG2 |

& T(Ua 11
& JEHRYZE(iiTH93 : 1 (BLASTIR)
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Bl : SRFBULERS &

O F51 - V D S -

C Y
O E52 : V E S L C Y
OFHEERgE: 4 2 4 -11 9 7

O BFFIEERTRYE
1 Score=2(AA pair scores) —gap penalty =
15

Bioinformatics, 2026, HUST



it
=2,
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¥
il
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©
=
D
U)
O
—
af

-3 -1 -1 7

P

0
-2
-2

-2
-2
-1

-3 0 -2
-3

G

0
-1

0
-1

1

1

-3 0

D

-2 0

-1
-2
-1
-1
-1
-1
-1

-1
-2
-2
-1
-2
-3
-3

-1
-2
-1
-1
-1
-1
-1

-3 0
-3
-3

Q
H

-1
-2
-1
-3
-3
-4
-3
-3
-3
-4

-2 1

-1
-1

0
1
-2 0
-3
-3
-2
-3
-2
-3

-2 0

R
K

-2 0
-3
-4
-4
-3
-3
-3
-2

-3 0
-1
-1
-1
-1
-2
-2
-2

5
1

-1
-3
-2
-2
-3

-1
-3
-2
-3
-3

-2
-3
-3
-3
-1

-2
-3
-3
-3
-3
-2
-4

-1
-2
-2

M

-3
-2
-2
-3

I
L
v

1
0

-2 0
-4
-3
-4

-2 0
-2
-2
-3

-2
-2
-3

-2
-2
-2

F
Y
W

1
-2

-3 -3 -1 -3 -2 -3 1

-2

c S TPAGNDEQHIRIKMTITLTYVZFEFYW

DIUIIIIUILIIauuvy, £U490, rivo i



B

MYGx . £2BEEX

Gap \Y D C Y

Gap 0 |lgap|2gap >

V |lgap

E |2gap

S

L

© APl TS

Y v

r(g)=-gd
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2R/ (2) %

Gap \Y D S C Y
Gap 0 -11 | -22 | -33 | -44 | -55
v | 113,
E | -22 ;cj%ﬁﬁps EI*J/\%Z AT Z4G
s | -33 FUIES, 4 1, Sig 5 ANS; 10090
I | a4 2, ﬁ%ﬁlﬂﬁ/&ﬂ%ﬁ&ﬁ)ﬂ%&
KX AT, v AR R ]
C | =3 R 43 ] B /N g 1) BB — e
Y | -66 RIBNAS R BV 7 EAFfiE U

RS, S B 7
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LRELEX (3) &
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Gap | V D S C X

Gap | O_ | -11 | -22 | -33 | -44  -55

V _11 Slj

E | -22 Needleman-Wunsch2 7% ;

S -33 ‘

R[] 522 BEO(n?):

1, -44

T S;j = max of Sy .+ (X, Y))

T ee S Siyj-d (WNEFH)

L S; 0 -d (A EET)




2R/ (4) %

Gap \4 D S C Y
Gap O ‘4-11 -22 | -33 | -44 | -55
3 1T
V _11_ 1 ij
E -22
S -33 Needleman-Wunsch %
L | -44 [ 1] 5 4% FE O(n?)
C -55
Sij = MaX Of (Si-l,j-l + G(Xi’ yj)

Y -66

3 Siy - d (ERIA)
e LS g -d (M EZITF)




2R © ¢

Gap A" D S C Y
Ga 0 -11.| =22 | -33 | -44 | -55
g L

V —11 4?513

E -22

s _33 Needleman-Wunsch 72,

L | -44 I} 5] 52 2% B2 O(n?);

C -55 Sij=max of (S;; i, +0o(X, Y,
et 5 Siyj-d (ANEFEIR)

E U8, - d (M EF]T)



2R/ (7) %

Gap

V

Y

Gap

0

-1

1| 522 | -33

-44

-55

-11

-22

-33

-44

-55

K QB n H S

-66
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LRELEX (8) &

Gap \"/ D S C Y
Gap O\\izll -22 | -33 | -44 | -55
\' -11 4\2A—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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[aliff : ELXIZEER %

Gap \"/ D S C Y
~ Ny
~ - - — —
Gap \O&]\; 22 33 44 55
v | -1T v 4. N7 | -18 | -29 | -40
\ZA\
E | -22 | V. ™MgN 5 | 16| -27
S ~ \\
S | -33 | -18 | - 1\0\—1 -12
y
L | -44 | -29 | -16 &\\Ag -3
c | -55 | -40 | -27 | -12 \8\\\\‘7
Y | -66 | -51 | -38 | -23 —3;‘_}5
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V E S L C Y

Gap \"/ D S C Y

Gap :OQJ\; ~22 | -33 | -44 | -55
v | -1T 4 D7 | -18 | -29 | -40
E | -22 —‘7} 6 \\—5 ~16 | -27
s | -33 | -18 is}:ﬁo\d 12
L | -44 | -29 | -16 | N_|%9_| -3
c | -55 | -40 | -27 —12\‘8\ 7
Y | -66 | -51 | -38 | -23 —gi\_;}s
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SENRLAAAS) \

O T4 - BEMLALFI R
O RRFEFIUT

0 Bfx: ERABEBMRUEEZFIREEMNHNGR
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REBLALER (2) g

J Smith-Waterman&ix

O BEISZFEO(n?)
1S, =max of 0

B Sipj1t o(X Y))
= S.yi- A (MEEIE)
] Si,j-l -A (MLEEIT)

O 6 : gap: 12, KiEHPRE
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BEMRALELXT (3)
Gap L D H
Gap | O 0 0 0 0 0
c o s
E 0
S o Smith-Waterman&.y%£;
L 0 Sij=max of Sy j1 +0(X; Yj)
C 0 < Sig,j- 0 (M2 2IAR)
K 0 Si,j-l - d (}AJ:@ ‘A)
0




RERIEACEERS (5)

Gap L D S
Gap 0 011 O 0
G 0 o} t’i
E | 0 _
S 0
L 0
C 0
K 0
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s
B
{0
I

Gap

Gap
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I

Gap

Gap
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ar
O

G E S L C K

Gap

Gap
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[ Smith-waterman&;%¥]93 : 99
O BEI 9 : -4+2+4-12+9-1=-2

O BAEARE ?

Bioinformatics, 2026, HUST
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___ cumizse |

O NFARKFIA B, HEEVSEgap , W
oAl RSP ENiR )i Es7

A FHIKEM

B B E % E: O(mn)
A En
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K-tup ELEIREE (2) g

A /'?ﬁﬂ'[ﬁlgm
SKA—EE,
=R e X 3
. PN B A B ot
73K BN k

FEIEZEE: O(kn)

Bioinformatics, 2026, HUST




K-tup RiEIRIE : TR= %

FF A Em

Ve
SN UN
HB
7 A B y
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BLAST g

T Word size: DNA, 11nt: EEHJ& , 3aa

O BRRFFIZNERE | 132H3aaHkRI S {E
] KABLOSUM6G23ER¢31 43

O SEiIEFE5 , ¥TERk3aafIRER , £ EiREN
EERRN S ERPHITESR

O FESFIERERNSR | FHTRIRRIEH
HSP: high-scoring segment pair

O Nothing can be worse: {fi#REE , IR

R

Bioinformatics, 2026, HUST




Nucleotide BLAST=4 4 program

https://www.ncbi.nlm.nih.gov/Class/MLACourse/Modules/BLAST/n

ucleotide blast.html

Now that we have explored the program and database options, let's do a basic blastn search with the

Nucleotide-Nucleotide BLAST (blastn)

you haven't already copied the query sequence into memory, please do it now.

One more note before we do the search...

The nucleotide BLAST page provides a selection of three programs that vary in their sensitivity and speed: megablast (default), discontiguous megablast, and blastn.

For our sample search, use the traditional blasth program.

Footnote, for your future reference.

Some of the differences between the algorithms are highlighted below.

Megablast

Retrieves highly similar sequences and is very fast. It efficiently find long alignments between very
similar sequences —itis intended for comparing a query to closely related sequences and works best if
the target percent identity is 95% or more. (word size* is 28 base pairs).

Discontiguous megablast

Retrieves more dissimilar sequences than megablast, but is more sensitive than blastn. It uses an
initial seed that ignores some bases (allowing mismatches) and is intended for cross-species
comparisons -- the third base wobbling is taken into consideration by focusing on finding matches at the
first and second codon positions while ignoring the mismatches in the third position. (word size* can be
setonly at 11 or 12 base pairs.)

Blastn

Retrieves somewhat similar sequences, so can find more distantly related sequences, butis
slower than megablast and discontiguous megablast. (default word size* can range from 7 base pairs to
11 (default) base pairs)

*Word Size is discussed later in the module in the slide on

useful reference after the course.

that you have copied/pasted into memory. If

. Itis mentioned here only so this slide can serve as a


https://www.ncbi.nlm.nih.gov/Class/MLACourse/Modules/BLAST/nucleotide_blast.html

BLAST: Z&5| FRI9E %

O formatdbapsy , $EfastatSNBIFEFIIIHLE
3G pkblastBEIZIRBIAYSZIHHETC

mE e PR

POG

QG 7+5+6=18
PEG [+2+6=15

SQG  -1+5+6=10

Bioinformatics, 2026, HUST
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BLAST: =%t

O ARERREFY
J Proteinl : IVPQGRL

1 Protein2 : VAPEGKL

J Proteinl: | VPQGRL

J Protein2: VAPEGKL

<Word>
7 2 6

30 2 4 PHILEESH

HSP/43E: 3+0+15+2+4=24

Bioinformatics, 2026, HUST




BLAST : KRS %

O FHARIBLASTIRAS : BTG53
O #hhRA : Gap Penalties: Existence: 11,
Extension: 1

O Psi-BLAST: 84S 5B

) I;Eh ;‘i?;B LAST : & S5 ERIPRIFEFFRTE

Bioinformatics, 2026, HUST



Psi-BLAST : &g %

0B, EEEEND s LS

0 B, BETERINES , GIES AR
TR | HIEE( S R AORERE (Position Specific
Matrix)

O 8= , #IB LESRIREME(profile) , BIRTES
IREAHITIEE

O %52, 35 , E¥IABEMHMRETILHIN

O = : g LMEFBUEIFERRIERY

0 R BEEERAYRSEE
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Psi-BLAST : &{{I%Z (2)

_‘-\-\.\l
1st step:
BLASTP
—
PR
I profile construction I
I— ________
search database n times construet profile

new hiis

hits

(uUery sequence

PSI-BLAST

specific steps




TRIEMRES Y &

A Dayhoff: PAMZFIZEF%
7 Henikoff: BLOSUMZRSI4ERE

0 EAREEF]57E - BLOSUMG62
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BLOSUMZRFIEM %

O BLOCK: EHGEFRIFEFTH—ERZEL ,
Zgap , —ERNAN~-LBETREES

3 PrositezxRik : 20—/ BLOCKFETF
iZxX xR B ERERSH

O BLOSUMG2: FRFIRIFEIIFEENTE/962%RY
BLOCK{3:ERI¥T 3 %60%

O =il iz{ERANaAEEEF] 21EERY
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BLOSUMZERSIXEME

1 1992 , Steven Henikoff

O ¥JA”Block” ({R1R) i1 BB
& ~500¢HE{EIRYERIR
& ~2,0001 Blocks

EcORFTOR  EEVI Y B Svig I?I—EHGIDE?ERLLSRLEDFTQ -
DnPlka—C2 GRGSFGIVLVE [ R 7 4

DmCG12069 : L RESE 'fLE

ScTPEZ P8 BT GTGSFGRY "I' | T| 7Y A

ScTPEL Al F ANRMET LG TGSFGRY *IL ASRHNER “m.{f

scTPES 1 LGTGEFGEVISILIE NIy &)

Cekin-1 F LGTGSFGRV L VK Mo TY AN NS VKLK
DmPlea—C1 B I—OCK F GTGSFGRVINV AR NN 7 ANK LK Q87 VELE
HsPEACE G SEGRVAIL VRIBING gt AN QA VEIE
HsPEACa | LGTGSFGRY] ;%T CINsIT AME LK N VELE
HsPEACh F LGTGSFGRYIIL VIR NIAT Y AMEML IRV VL
DnFEA-C3  DGNETDDEEDDDESEESSSVQTAKGVRE HBD GTG CRDRT SEEGCRAAT IR

HsFREX | AKHFFRILi

HsFPREY AKHFFRILI

N NN NN . SN NN EEE BN NN S BN S S EE e Ea e . .



itz ]

OBl : {E—FIEE , OPA L IS
Qf,, = (§)+})*8/2:36; fas/fspn=9; fss=0
O a=flZ 4%
 ,,=36/45=0.8, (,=9/45=0.2
] pi=Qii+; qii/2
& p,=(36+9/2)/45=0.9; ps=0.1 Relative entropy
ers=PaPstPsPA=0.9%0.1*2=0.18 g- % Z gy X 5;
O si = logxqy/ey) o

@S, =l0g,(0.2/0.18)=0.152

Expected Score

Bioinformatics, 2026, HUST i=1 j=1
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__ sme |

O AHHIE: 161A, 41S

O p,=16/20=0.8; ps=0.2

O eas=paPstPAPs=0.8%0.2*2=0.32
O qAs=(9+21)/90 =0.333

O S,s=l0g,(0.333/0.32)=0.059

an O FAHIEEE: 131A, 3NS
A O pa=13/20=0.65; ps=0.15

AA
AA
AA
AA
AA
AA
AA
AS
AS
SS

,F@ O erc=PaPstPAPs=0.65*0.15*2=0.195

AA (Y gae=(7+12)/90 =0.211
AS [ S,.=l0g,(0.195/0.211)=-0.11

_
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=
O
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=
v
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o
e
m
=
=

* column uses minimum score
# BLOSUM Clustered Scoring Matrix in 1/2 Bit Units

# Blocks Database

#

Jdata/blocks 5.0/blocks.dat

62
Expected =

Te=

# Cluster Percentage:

-0.5209
L K M F

0.8979,

A R N D C Q@ E G H

# Entropy =

W ¥ V B Z

T

S
1

P

I
0-2-1-1-1-1-2 -1

-2

0

a -2 -1

a0 -3 -2

g -1 -1

0 -2 -3

4 -1 -2 -2

piy

0 -1 -4
0 -1 -4
1 -1 -4

2 -1 -3 -2-1-1-3 -2 -3 -1

0 -2 -3 -2

0 -3 -2

1 -3 -3
2-1-1-3-4-1-3 -3 -1

0

1

5

3
4

0 -4 -2 -3

1

0 -1 -4 -3 -3

e -3 0

1

D -2 -2

$ -3 -4 -3-3-1-1-3-1-2-3-1-1-2-2-1-3-3-2 -4

0 -3 -3 -3

C

3 -1 -4
4 -1 -4

0
1

0 -1-2 -1 -2
g -1 -3 -2 -2

1 0 -3 -1

0 -3 -2

ad -3 -3
-2 -4 -4 -2 -3 -3 -2

-2
-2

2

1 -2 -3 -1

0 -2 -2 -3 -3 -1-2 -1 -4

&
-2

0 -1 -3 -2 -2

1 -1 -3

-2

2 -3 0 0 -1 -4

0 -3 -2 -1 -3 -1
0 -3 -2 -1 -2 -1

g -3 -3 -1 -2 -1-2-1-2 -2

0

0

0

-2
I-1-3-3-3-1-3 -3 -4 -3

L -1 -2 -3 -4 -1-2 -3 -4 -3

3 -3 -3 -1 -4
1 -4 -3 -1 -4

1
2

4 2 -3
2 4 -2

1 -2 -1 -3 -2

g-1-3-2-2 0 1-1 -4
0 -2 -1-1-1-1

5 -1 -3 -1

-1

0-1-3 1

2
-1 -1 -2 -3 -1

1 -3 -1 -1 -4
3 -1 -3 -3 -1 -4

5

2

1
0

0 -2 -3 -2

M

1
7-1-1-4 -3 -2 -2 -1 -2 -4

-2 -3 -3 -3 -2 -3 -3 -3 -1
p-1-2-2-1-3-1-1-2-2-3 -3 -1-2 -4

F

1 -3 -2 -2

0 -1-2 -1 4
1 5 -2 -2

g -1 -2 -2

g-1-1-1-1-2-2-1-1-1-1-2 -1

0

0 -1 -1

-1
W-3 -3 -4-4-2-22-3-2-2-3-2-3-1

Y -2 -2 -2 -3 -2 -1 -2 -3

2 -3 -4 -3 -2 -4

1 -4 -3 -2 11

2 -1 -1 -2 -7

Lod ratios are multiplied by a scaling
1 - factor of 2 and then rounded to the

1 -2
0 -

3
0 -3 -4
0 -3 -3

-1
-2

3
0
-1 -1-1-2-1-1-1-1-1 -1 -1 -

* 4 -4 -4 -4 -4 -4 -4 —4 -4 -4 -4 -4 -

v

0 -3 -3 -3 -1-2 -2 -3 -3
3
3

B -2 -1
1

nearest integer value

X



AR S E 01 &

O ASEFYIEE L 2EHE
7 Sander & Schneider, 1991, FEFAEEITE
HNEEHFRENFIHKEKE—EXR :
@ (1) HIEFSIk<108Y , FoiEEIE
& (2) 10<k<80RY , 1Ek{EH/9290.15k 056204
& (3) k>80RY , 1a{E/324.8%
J Brenner,1998 ,
& (1) k=~150, >25%
& (2) k=~70, >40%
& (3) 10%~20%0F , FSHA{ELE

Bioinformatics, 2026, HUST
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O WM ERFILCXIR R EE ?
J8% RECDK L/E I BE 1 5 51 LU X 45

T

‘e
.

o BLAST Align Peptidesearch ID mapping SPARQL Toolresults ~ RIS Scarch & @y (& Help

UniPrdi:
( 1)

Blast parameters

identity BLAST 129 results found in UniProtKB
Overview Taxonomy Hit Distribution Text Output Input Parameters APIRequest
— — &, Download #. Customize columns (% Resubmit

Score
20 40 60 80 100 120 140 160 180 200 220 240 260 280
Entry Name Protein Names Gene Names Organism Length
X

._ 100 WEEEN S
— — P00546 CDK1_YEAST  Cyclin-dependent kinase CDC28, CDK1, Saccharomyces 298 §
| 56 | | 1566 | 1L HSL5, SRMS, cerevisiae AA w
— e YBR160W, (strain ATCC | - |
E-Value YBR1211 204508/

$288c) (Baker's
I yeast)
_ T __ . J P17157 PHO85_YEAST Cyclin-dependent PHO85, SSG3, Saccharomyces 305
|7‘ | o ‘ protein kinase PHO85 YPLO31C, cerevisiae AA

[.] P7102.18A (strain ATCC

204508 /
Status $288c) (Baker's

yeast)

Reviewed (Swiss-Prot) (129)
¥ 54 Ae-
O Q03957 CTK1YEAST  CTD kinase subunit CTKLYKL139W  Saccharomyces 523 — Laets

Panular arganisms alphal..] cerevisiae AA

Bioinformatics, 2026, HUST



ELITEER

:P21965MCK1_YEAST Protein kinase MCK1 0S=Saccharomyces cerevisi...
SP:P19454CSK22 YEAST Casein kinase II subunit alpha’ 0S=Saccharom. . .

SP:P15790CSK21 YEAST Casein kinase II subunit alpha 0S5=Saccharomy. ..
SP:P32581IME2 YEAST Meiosis induction protein kinase IME2/SME1 0S...
SP:P06782SNF1 _YEAST Carbon catabolite—derepressing protein kinase. ..
SP:Q12222YGK3 YEAST Glycogen synthase kinase—3 homolog YGK3 0S=5a. ..
SP:P22216RAD53 YEAST Serine/threonine—protein kinase RAD53 0S=Sac. ..
SP:Q01389BCK1_YEAST Serine/threonine—protein kinase BCK1/SLK1/SSP. ..
SP:P27636CDC15_YEAST Cell division control protein 15 0S5=Saccharo. ..

[ SNF1 YEASTRIZEER :
® Score: 111
® E-value: 7e-28

O e :
@ it &Score ?
& YARTEE-value ? iZ(BEEAEW ?

Bioinformatics, 2026, HUST



MIHERS S : SRS &

O FEAMREE . BREIITEAIBEZAP(R|X,y)LA
AR FEIITRXRIBIZEAP(M|X,y)
O AMEERBIREES : PMFIP(R) , =T -
& P(R)=1-P(M)
O Eik -

SV [x, ) - POY[MIP(M) _ P(X, Y| M)P(M)

P(xy)  P(yIM)P(M)+P(x,y[R)P(R)
P(X, y| M)P(M)
_P(X,y[R)P(R)
. PO,y [M)P(M)
P(x, | R)P(R)

e ———————




MAtHR % - 1EBELER (2)

@ 1 P(M) . P(X1y|M)
S —S+Iog( P(R)j | S _Iog( P(x Y R)]

‘f‘% P(MIX,y):G(S’), Hr ’

g(x) — - Sigmoid 7 #E

Bioinformatics, 2026, HUST




ST ¢

O E(S) =~ Kmne?>=mn2-5;
Zq qbe/IS(a,b) —1
b

IS bitsE, BAR:
AR —-In K
S —
In(2)

AR, rawsME, RFEFT D EREESINSE

Bioinformatics, 2026, HUST




SNF1

>SP:P06782 SNF1 YEAST Carbon catabolite—derepressing protein kinase 0S=Saccharomyces
cerevisiae (strain ATCC 204508 / S288c) 0X=559292

GN=SNF1 PE=1 SV=1

Length=633

Score = 111 bits (277), Expect = 7e—28
Identities = 87/296 (29%), Positives = 144/296 (49%), Gaps = 44/296 (15%)

Query 5  LANYKRLEKVGEGTYGVVYKALDLRPGQGQRVVAL-KKIRLESEDEGVPSTAIREISLLK 63
+ NY+ ++ +GEGHG V. A 6Q + + KK+ +5+ +G REIS L+
Sbjct 52  IGNYQIVKTLGEGSFGKVKLAYHTTTGQKVALKIINKKVLAKSDMQG—RIEREISYLR 108

Query 64  ELKDDNIVRLYDIVHSDAHKLYLVFEFLDLDLKRYMEGIPKDQPLGADIVKKFMMQLCKG 123
L+ +I++LYD++ § ++ +V E+ +L Y+ + +D+ + ++F Q@+

Sbjet 109 LLRHPHIIKLYDVIKSK-DEIIMVIEYAGNELFDYI—VQRDK-MSEQEARRFFQQIISA 164

Query 124 TAYCHSHRILHRDLKPQNLLINKDGNLKLGDFGLARAF—GVPLRAYTHEIVILWYRAPE 181
+ YCH H+I+HRDLKP+NLL+++ N+K+ DFGL+ G L+ + Y APE
Sbjet 165 VEYCHRHKIVHRDLKPENLLLDEHLNVKIADFGLSNIMIDGNFLKT——SCGSPNYAAPE 221

Query 182 VLLGGKQYSTGVDTWSIGCI-FAEMCNRKPIFSGDSEIDQIFKIFRVLGTPNEAIWPDIV 240
V+ G VDWs GI+ +CRP D I +FK I +
Sbjet 222 VISGKLYAGPEVDVWSCGVILYVMLCRRLPF—DDESIPVLFK—————— NISNGVY 269




ik , £

>SP:P06782 SNF1 YEAST Carbon catabolite—derepressing protein kinase 0S=Saccharomyces

cerevisiae (strain ATCC 204508 / S$288c) 0X=559292
GN=5NF1 PE=1 SV-=1

Length=633

Score = 111 bits (277), FExpect = Te—28
Identities = 87/296 (29%), Positives = 144/296 (49%), Gaps = 44/296 (15%)

O R=277

Bioinformatics, 2026, HUST



Lambda K
0. 323 0. 142

Gapped

e - [ A= 0.267
0.267 0.0410  0.140 7 K=0.0410

Effective search space used: 590525104 D m:298

[ n=590,525,104

Database: uniprotkb swissprot
Posted date: Dec 14, 2022 02:19 PM
Number of letters in database: 205, 548, 017

Number of sequences in database: 568, 744

Bioinformatics, 2026, HUST




ST

~0.267 * 277 — 1n (0. 041)
- In (2)
~73.959 — (-3.194)
- 0. 693

S

~ 111

E = 298 * 590525104 * 27"
= 0.73¢ — 23 = Te — 23

Bioinformatics, 2026, HUST
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REETIS &

[ DEDAL (deep embedding and differentiable
alignment) : JREBRASTIHLLXS
& LT R L - RIEBAFFINEITRERRARE , [
I E et £ L TXHIR
& DEDALIII%Z: : EHLERIFEFINES
& FHFHRIESE . Smith-Waterman&ixiT 9
Gorilla SVCHCRDYVRYRL-PLRVUKHFYW--T--SDSCPR--PGV

Mallard pfam-seed VKCKCSRKG--PKIRFSNVRKLEI--KPRYPFCVE--EMI

Mallard DEDAL VKCKCSRKG-EKD-RFSNVRKLE IKPR- - YPFCVE - -EMI
Mallard PFASUM = ==e e e e e e e

Gorilla V-LLTF---RDKEICADPRVPWV--KMILNKL
Mallard pfam-seed IVILWTRVRGEQQHCLNPKRQONT --VRLLKWY
Mallard DEDAL IVTOWNTRVRGEQQHCLNPKRONT - -VRLLKWY
Mallard PFASUM  @®-ESNV)---QKLEYD--KPRYPFCVEEMIIVTL)

wB, 20, 40-41



—RiC[F

>

0 FEiRFEEABRUREYZFINEE
O BiEXZENDr : BERR or SERIE ?
O BRELFEAYATE : Reciprocal Best Hits

O SXRFEFAIETE : BLAST , BSILEIREIRREE
=, EVFE-NHEN6eESEn

O BFpth/EBRFES - RALSMRNEE

Bioinformatics, 2026, HUST



O ZFEFBBubL EAFEIR , SHEMISIE S

oy B
Unlpro.t..‘ BLAST Align Peptidesearch IDmapping SPARQL  UniProtKB ~

Search

& @ B Helg

[Function

Names & Taxonomy
Subcellular Location
Phenotypes & Variants

PTM/Processing

Interaction
Structure

Family & Domains
Sequence

Similar Proteins

P41695 - BUB1_YEAST

Protein? | Checkpoint serine/threonine-protein kinase BUB1
Gene! | BUB1
Status? | UniProtKB reviewed (Swiss-Prot)

Organism® | Saccharomyces cerevisiae (strain ATCC 204508 / $288¢)
(Baker's yeast)

Entry Feature viewer Publications External links History

BLAST 4. Download *+ ¥ Add Addapublication Entryfeedback

Function:

Amino acids | 1021

Protein existence* | Evidence at protein level

Annotation score’ |

Involved in cell cycle checkpoint enforcement. The formation of a MAD1-BUB1-BUB3 complex seems to be required for the spindle checkpoint mechanism. Catalyzes the

phosphorylation of BUB3 and its autophosphorylation. Associates with centromere (CEN) DNA via interaction with SKP1. The association with SKP1 is required for the

mitotic delay induced by kinetochore tension defects, but not for the arrest induced by spindle depolymerization or kinetochore assembly defects.

Miscellaneous

Present with 414 molecules/cell in log phase SD medium. 1 Publication

1 Publication



IRIGFASTAESY

BLAST Align Peptidesearch 1D mapping SPARQL  UniProtKB ~ EVRENINE Scarch & @y 3 Hel
IFunction P41695 - BUB1_YEAST
Names & Taxonomy Protein! | Checkpoint serine/threonine-protein kinase BUB1 Amino acids | 1021
Subcellular Location Gene' | BUB1 Protein existence! | Evidence at protein level
Phenotypes & Variants Status! | UniProtKB reviewed (Swiss-Prot) Annotation score! |
PTM/Processing Organism® | Saccharomyces cerevisiae (strain ATCC 204508 / $288c)

(Baker's yeast)

Interaction Entry Feature viewer Publications External links History

Structure
BLAST & Download + f Add Addapublication Entryfeedback

Family & Domains
Text I

Sequence Fur

I FASTA (canonical) I
Involv: :ment. The formation of a MAD1-B »sp |F41695 |BUB1_YEAST Checkpoint serine/threcnine-protein kinase BUB1

phosp FASTA (canonical & isoform) yosphorylation. Associates with celf NMLDLGSTYRGYESDEDTFROSEG VS S SQEEGHSALNGTE TAYEQRLLNDLEDMDDFLDL

Similar Proteins

mitoti nsion defects, but not for the arred FLDTMINISTSTIEVDSESGOEVLRSTHERCLIY IQDMET YRNDPRFLE IWIWY INLFLS

JSON MNFHE SENTFETMFNEG TG TEL SLFYEEF SELLENAQFFLEAKVLLELG AENNCRPYNEL
Mis¢ st LRSLSNYEDRLRENNI VENQNSYPDSRERLEGRL I YRTAPFF IREFLTSSLMTDDKENREA
orecel e SDmedium, i | NUNSHVGYGESAPNYYQDSTVVADFK SETERLNLNS SKQPSHQRLENGNKKTSTY ADQKQ

RDF/XML ' SMNPVYEL INTPGREPERI VFNFNL I TPENDEEFNTEE T LANTKGL YEVQRRGEKHTEDY
Catd TSDENRKERELDVLVERRGDLPSSQPPYVPE STRIEVFEDDDNPSQSTHHENTQVQVATT
ate crr TSILPLEPVYDGNLAHETPYERSLTSNASRSPTVT AF SEDATNEVE SHFNQHY STRGALL

DGDDTTTSEFNYFENF TQEF TAENIEDLTEVEDPEQETVSRQTT STNETNDRYERLENSS
TRPEEADYMTFIKETTETDVVPI IQTPEEQIRTEDKE SGDNTETQTALTSTTIQSSPFLT
OFEPQARKLLQTAEHSEESKERYPTI IPFFTEIKNGQPPVI TENFLENNLRAKFLSET SPP
LFOYNTF YNy NOELEN S SLLEK THRY SENENENF T VDFKETGDLY CIRGELGEGG Y AT VY
LARSSQGHLRALKVEKPASVNETY INSQVEFRLEESTILEST INASAL HLFLDESYLVLN
TASQGTVLDLINLOREEATDGNGINDEYLCNF ITVELNEVLEK THEVG T THGDLEPDHCH
IRLEEPGEPLGAHYNENGEDGWENKGI YLIDF GRSFDMTLLPPGTEFK SHWE ADQRDCWE
NRAGEPRSTEADY Y GLAGVIHSMLFGEF IETIQLANGRCKLENPFERTYWEKEIRGVIFDL
LLN=GRASNGAL FNTEKIVEIRNLIESHLEGHAENHLENVILSIEEEL SHFQYKGEP SRR




LLII K,: - -

BLAST

Find a protein sequence to run BLAST sequence similarity search by UniProt ID (e.g. PO5067 or A4 HUMAN or UPI0000000001).

Q

OR
Enter one or more sequences (20 max). You may also load from a text file.

>sp|P41695|BUB1_YEAST Checkpoint serine/threonine-protein kinase BUB1 OS=Saccharomyces cerevisiae (strain ATCC 20845088 / S288c) 0X=559292
MNLDLGSTVRGYESDKDTFPQSKGVSSSQKEQHSQLNQTKIAYEQRLLNDLEDMDDPLDL

FLDYMIWISTSYIEVDSESGQEVLRSTMERCLIYIQDMETYRNDPRFLKIWIWYINLFLS

NNFHESENTFKYMFNKGIGTKLSLFYEEFSKLLENAQFFLEAKVLLELGAENNCRPYNRL

LRSLSNYEDRLREMNIVENQNSVPDSRERLKGRLIYRTAPFFIRKFLTSSLMTDDKENRA

NLNSNVGVGKSAPNVYQDSIVVADFKSETERLNLNSSKQPSNQRLKNGNKKTSIYADQKQ

SNNPVYKLINTPGRKPERIVFNFNLIYPENDEEFNTEEILAMIKGLYKVQRRGKKHTEDY

TSDKNRKKRKLDVLVERRQDLPSSQPPVVPKSTRIEVFKDDDNPSQSTHHKNTQVQVQTT -

Your input contains 1 sequence

Target database Restrict by taxonomy

UniProtKB Swiss-Prot o [Saccharomyces cerevisiae [4932] % ]

o= | Run BLAST
Name vonr BIAST inh

Bioinformatics, 2026, HUST




Unipro.t.. BLAST Align Peptidesearch IDmapping SPARQL  Toolresults ~ SREEEN Scarch & @ & Help

Blast parameters
Identity

L

Score

E-Value

L

Status

BLAST 193 results found in UniProtKB

Overview Taxonomy Hit Distribution Text Output Input Parameters APl Request

&, Download # Customize columns (% Resubmit

Entry Name Protein Names Gene Names Organism Length 100 200 00 400 500 800 700 800 e

] P41695 BUB1_YEAST Checkpoint BUB1, YGR188C, Saccharomyces 1,021 §
serine/threonine- G7542 cerevisiae AA §
protein kinase BUB1]...] (strain ATCC b
204508 / -]
$288c) (Baker's
yeast)
[ P47074 MAD3 YEAST  Spindle assembly MAD3. YJLO13C, Saccharomyces 515 — — a
checkpoint component J1341 cerevisiae AA
MAD3|...] (strain ATCC
204508 /
$288c) (Baker's
yeast)

>SP:PA7074 MAD3 YEAST Spindle assembly checkpoint component MAD3 0S=Saccharomyces
cerevisiae (strain ATCC 204508 / 5288c) 0X=559292

GN=MAD3 PE=1 SV=1

Length=515

Expect = 6e—b4d

35%), Positives = 196/

Query 3f QLNQTKIAYEQRLLNDLEDMDDPLDLFLDYMIWISTSYIEVDSESGQEVLRSTMERCLIY 94
++NQ K ++EQRL+++L + DP+ L+L+Y+ W++ +Y + S Q + + +BERCL +
Shjct 5! EINQVKSSFEQRLIDELPALSDPITLYLEY TIKWLNNAYPQ—GGNSKQSGMLTLLERCLSH 113




Reciprocal Best Hits

B ZBIEFS: Reciprocal Best Hits

Bioinformatics, 2026, HUST




BLAST

Find a protein sequence to run BLAST sequence similarity search by UniProt ID (e.g. PO5067 or A4 HUMAN or UPI0000000001).
Q
OR

Enter one or more sequences (20 max). You may also load from a text file.

>sp|P41695|BUB1_YEAST Checkpoint serine/threonine-protein kinase BUB1l OS=Saccharomyces cerevisiae (strain ATCC 20458 /
MNLDLGSTVRGYESDKDTFPQSKGVSSSQKEQHSQLNQTKIAYEQRLLNDLEDMDDPLDL
FLDYMIWISTSYIEVDSESGQEVLRSTMERCLIYIQDMETYRNDPRFLKIWIWYINLFLS
NNFHESENTFKYMFNKGIGTKLSLFYEEFSKLLENAQFFLEAKVLLELGAENNCRPYNRL
LRSLSNYEDRLREMNIVENQNSVPDSRERLKGRLIYRTAPFFIRKFLTSSLMTDDKENRA
NLNSNVGVGKSAPNVYQDSIVVADFKSETERLNLNSSKQPSNQRLKNGNKKTSIYADQKQ
SNNPVYKLINTPGRKPERIVFNFNLIYPENDEEFNTEEILAMIKGLYKVQRRGKKHTEDY
TSDKNRKKRKLDVLVERRQDLPSSQPPVVPKSTRIEVFKDDDNPSQSTHHKNTQVQVQTT

§288c) 0X=559292

Your input contains 1 sequence

Target database Restrict by taxonomy

UniProtKB Swiss-Prot v Q [ Homo sapiens [9606] x ]

Name vour Bl AST inh

Bioinformatics, 2026, HUST
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UniProt 3 suast
[ 1)

Blast parameters

\dentity BLAST 250 results found in UniProtKB
_L Overview Taxonomy Hit Distribution Text Output Input Parameters API Request
- - &, Download Z Customize columns ([5 Resubmit
Score
I Entry Name Protein Names Organism Length
— 043683 BUB1_HUMAN Mitotic checkpoint BUB1,BUB1L Homo §
| 67 | serine/threonine- sapiens ﬁ
— protein kinase BUB1 (Human) i
E-Value L] -]
I 0 060566 BUB1E_HUMAN  Mitotic checkpoint ~ BUB1B, Homo 1050  — e
serine/threonine- BUBRZ, sapiens AA E
| e ‘ | 79 | proteinkinase BUB1 MAD3L,S5K1 (Human)
4 -S4
betal...|
[0 095835 LATS1 HUMAN Serine/threonine- LATS1, Homo 1,130
Status protein kinase WARTS sapiens AA
LATS1]... (Human)
Reviewed (Swiss-Prot) (250) L]
0 Q6A1A2 PDPK2_HUMAN  Putative 3- PDPK2P, Homo 396 127) 837
Popular organisms phosphoinositide- PDPK2 sapiens  AA
dependent protein Human,
Human (250) .pe P t )
kinase 2[...]

Bioinformatics, 2026, HUST
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BLAST

Find a protein sequence to run BLAST sequence similarity search by UniProt ID (e.g. PO5067 or A4 HUMAN or UPI0000000001).

Q

OR
Enter one or more sequences (20 max). You may also load from a text file.

>sp|043683|BUB1_HUMAN Mitotic checkpoint serine/threonine-protein kinase BUBL 0OS=Homo sapiens OX=9606 GN=BUB1l PE=1 SV=1
MDTPENVLQMLEAHMQSYKGNDPLGEWERYIQWYEENFPENKEYLITLLEHLMKEFLDKK
KYHNDPRFISYCLKFAEYNSDLHQFFEFLYNHGIGTLSSPLYIAWAGHLEAQGELQHASA
VLQRGIQNQAEPREFLQQQYRLFQTRLTETHLPAQARTSEPLHNVQVLNQMITSKSNPGN
NMACISKNQGSELSGVISSACDKESNMERRVITISKSEYSVHSSLASKVDVEQVVMYCKE
KLIRGESEFSFEELRAQKYNQRRKHEQWVNEDRHYMKRKEANAFEEQLLKQKMDELHKKL
HQVVETSHEDLPASQERSEVNPARMGPSVGSQQELRAPCLPVTYQQTPVNMEKNPREAPP
VVPPLANAISAALVSPATSQSIAPPVPLKAQTVTDSMFAVASKDAGCVYNKSTHEFKPQSG -
AFTKFGCFTHKVANTSSFHTTPNTSI GMVOATPSKVOPSPTVHTKFAI GF TMNMFOAPTI

Your input contains 1 sequence

Target database Restrict by taxonomy

I [ Saccharomyces cerevisiae [4932] % ] I

B

UniProtKB Swiss-Prot Q

Bioinformatics, 2026, HUST



Best Hit!

" e
Uanro.t..- BLAST Align Peptidesearch ID mapping SPARQL Tool results » . B8 Scarch & @y & Help

Blast parameters

Identity BLAST 114 results found in UniProtKB
L Overview Taxonomy Hit Distribution Text Output Input Parameters APl Request
&. Download Z_ Customize columns (5 Resubmit
Score

I_ Entry Name Protein Names Organism

P41695 BUB1_YEAST  Checkpoint BUB1, YGR188C, Saccharomyces

serine/threonine- G7542 cerevisiae

protein kinase BUB1 (strain ATCC
E-Value [] 204508 /
$288c) (Baker's
yeast)

ﬂ Feedback

o
205 MEANRETEG 2

] P47074 MAD3 YEAST  Spindle assembly MAD3, YJLO13C, Saccharomyces 515 =
checkpoint J1341 cerevisiae AA
component MAD3 (strain ATCC
L] 204508 /

Status 5288c) (Baker's
yeast)
Dervvicnarad (Cuarics Drat) (11 AN

>SP:P41695 BUB1 YEAST Checkpoint serine/threonine—protein kinase BUB1 0S=Saccharomyces

cerevisiae (strain ATCC 204508 / S288c) 0X=5597

GN=BUB1 PE=1 SV=2

Length=1021

Score = 169 bits (4 , Expect = 4e-43
PNFIVGNPWDDELIFKLLSGLSKPVSSYPNTF——EWQCKLPAT
P I+ NP +L KLS +5S P+ Y NIF + K+ ++
\

PPVIIENPLSNNLRAKFLSEISPPLFQY-NTFYNYNQELKMSSLLKKTHRVSRNENKNPTI 695



