EUEREF

FN\E FIHRTORA (1)
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3 FHER

L A BT 45 KB AN AR R AR

@ Position Specific Scoring Matrix (PSSM),
Weight Matrix Model (WMM)

=KX LT : Gibbs Samplers
O GRBEX MRS /R K ER
O FER AL = T
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FHIRT

O Ihge4E#ata;, functional domain
O #&R1{E, motif

O 23k, BLOCK

O =3, pattern/profile
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IhRE4S#¥id/Domain

O EBTEN. BIN=H5EHN

O ERfSFENEYFINEE
—ﬂﬁ'& , JLTEIJLBEIN = &8

3)\/5%9& Bl st 1FFEgap

J4 4d
?E
-I-T

FDCZ DROMEA1-5 FHLNWHDYVY5----FELEPPILPDVH---—--—- HOGDTENFD -DYPEEDUEP - ——----
CONZENATS /805 ttlsimpel....... ph.sPhhP.1p. .o on .. s..Dhp.Fh.thspt. ..o e en o us
CONZENSUS /653 pslslicpl.p. . ..pplpPPahlplp. e e e s.tDhzzsFl.casppta. e e v v n s
CONSENATS/50% +s3IDW-clpp....+clpPPFpfplp. .. ... .. usphsolNFD. -FTcpsss. .o v .o w

FDC2 DROME/1-5 T FDLOYFNDF

CONSENSUS/80% T a.shsh. .

CONZENSUS /5% hessEp. L e Frtuasaht

[ | —y CONIENSTS/50% Jhossssshhpshpp. s s v e e cenanes FtGFoass
—y
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e o

O AEEMNIN=REH

O BB ENEMEINGE: &6, 1816, @MaTEN,
WIFE, F

O KE—RZJLNBJL NS EBR S HRE ;

3 fian, SUMOLRIFFIIRME: W-K-X-E (W:A, I, L, V,
M, F, P; X: (FE &)

Functional site class: sumaoylation site

Functional site description: hWlotif recognised for modification by SURO-T
ELM(s): MOD SUMO

MOD SUMO description: I_Mn:.i,f recogaised for modification by SLIRO-
Pattern: I ["ILMAFF]R.E I
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RR/BLOCK

J LB+ EBR
O Fgap, NERZFIILEFHNERBIZELEESE
O ik ELRREHE —LXEBRBFIRTH

wlu

EcORFT08  EEVI : .oV IDE?ERLLSRLED‘ITQ -
InPlka—C2 GG SF GV VEMK el v A

DmZG12069 ) JTLGEGSFGiE m RESE TTLE

ScTPEZ . STGSRG HERYEE

ScTPEL I | SR uhhﬂ‘

ScTPES3 F 8 S NHIERF i

Cekin-1 F GTGSFGRVIIL Vidgk a5 'fm.ﬁ JLINE nu, VELE
DmPla-C1 B LO C F Lu:}Tu:}SFu:}E:*-ﬂ i %TED T AME ML AV VELE
HsPEACE LG SFGRVIIL VRSN 88T 4K il.lu'"u‘EEﬂE
HsPEACa ' JEHAE T S THE AT D i
HsPEACh ) TEQFRENIAT D0k -rf LP
DnPEA-C3  DGNETDDEEDDDESEESSSVOTAKGVRERHBDN CTGRFG .:- CRORT SEERCRAESTIN

HsFREX FIYRAT B TG AKHFFRILIS

HsFREY AKHFF LI
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&3¢ /Pattern/Profile

O A 8E ERRIEIA—RINGELE I, RIFEK
BHIRRHRRAIN

O RIBFIIEEE, WENTUNERE
O HIEER: BRERR

O B SRFNFTEY AT sE FF & FFrE R B F 5

O i, BHEFW-K-X-E¥LASUMOLIL SR,

EER “HRN” , MRTAFUN R B8 & 1%iR
NHNEBKRFS
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Rt R T 2 4ERE &

[ Position Specific Scoring Matrix
(PSSM)/ Weight Matrix Model (WMM)

O M ERRKEHITZ LT o8, £
RP{RTFTHBLOCK

J R#EBLOCKF 5 SHHNEIPSSM
O ANE FEgapRIR2i
J BLOCKIKE—fRIEJL M~ L+ 1R E MR E
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NCBIL  Structures - BT e oo %
| cd02249 : Zinc finger, ZZ type. Zinc finger present in dystrophin, ...

Arnina Acid Explarer [ Change PSSN/Sequence ] [ Stacked Bar Wiew l [Rese't ] [ Download Matrix to File ] [ Tutorial ] (4]

pas sar el (Drav | table | showing only V| those positions where the | consensus V| is |P.nj.r V| @

[Draw] tahle | showing only vl this feature: |Iinc—binding sites v| 5|

Click on any score to compare the two residues,

COD Help

Click on any column to sort the matris by that column's scores,
P - consensus sequence position € - consensus sequence residue

™
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g
=
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L

L

[l Y T o A T R | R R R RN (SR

> -
Alc |
o -4 2

EN : |z B8
-2 JJJJJJJ

18-T -1 ] -1 2 ] ]
=3

e %ﬂ‘élﬂﬁ

23 -T

1]1]-1]0
v 24 - ¥ - BN EE N

: -3 4 -4 -4 (580 - [ sl

Master | A vyinlolHlkIRIDIE
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-
|
1
m

| 0 |
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BLOCK -> PSSM %

12345........... .11
+3h m.dDSFHQFVSHGm..

\ o FHOYISFG... .
B . IAYWNFLSFG... .

. FHOFMSFG.... .
DISYWNYASFG..... .

KFxE—7 A DIE|F|G|H|[I KI|.IS]|T...

Log(3 fog(2]

Log{ﬁ]

HEREFRIEE: HeifvE L, X
ﬂ:’ﬁili tﬁkﬂ’]iﬁiﬂ’]log'.ﬁl

Position /

R |WVIN]|—




=TT

05— MIE LR B AR ERE LI
LB

JU o il

#AEF1T1215CED ’{/,
=
3
2
4

A o oo 11 2 3 7T 3 5 14 0 1
T 14 0o 2 1 & & 7 o o I
> o o o o & 3 1 4 0o 1 13
c o 14 1 11 3 & 3 E 0 13 0O
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— gziessw

O F— ML E R /R = EBE /M IR =R

EGG GEGG

Pos -3 -2 -1 +1 +2 |+3 (¥4 |+5 |46

0.3 0.6 0.1 0.0 0.0 04 0.7 0.1 0.1

0.4 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.2

0.2 0.2 0.8 1.0 0.0 0.4 0.1 0.8 0.2

11O |0 | >F

0.1 0.1 0.1 0.0 1.0 0.1 0.1 0.0 0.5
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PSSM: EE5NH g

O AT LUR#EBLOCKHE S5 EIRIPSSMiH 1 THIR EERV 1S
R, KMESEANFBEBR, HMMIEE
O EZEZHE
& IR: EPssmﬂuWrﬁ%ﬁﬂ'Jr% J
% PSSMPREESEMNFER

—1

FHQ HG.... .
FHOY|IISFG.... .

YWNHLSFG.... .
FHQ FG.... .
YWNYASFG.... .

| S—

[Coobu




o)gi—: PSSM->%I}

O itElog-odds ratio/Odds ratio
3 Do not miss: MEERIE! ! !
O &RFZE1TESn, Sp, Ac & Mcc

O FE 1+ ESelf-consistency, Leave-one-out

validation & n-fold cross-validation
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o)gi—: PSSM->%I}

O itElog-odds ratio/Odds ratio
3 Do not miss: MEERIE! ! !
O &RFZE1TESn, Sp, Ac & Mcc

O FE 1+ ESelf-consistency, Leave-one-out

validation & n-fold cross-validation
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i+ Elog-odds ratio

E G Gggi

N

Pos -3 -2 -1 +1 +2 |+3 |[+4 |[+5 |46
A 0.3 0.6 0.1 0.0 0.0 0.4 0.7 0.1 0.1
C 0.4 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.2
G 0.2 0.2 0.8 1.0 0.0 0.4 0.1 0.8 0.2
11 0.1 0.1 0.1 0.0 1.0 0.1 0.1 0.0 0.5

P(S|+) = P_3(S1)P_o(S,)P_1(S3) == P5(Sg)Ps(Sg)

O P(S[+), RFAMEINSHETELRIETR
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ey

O AP RN ERITTE
& A. DNAFF, [UffmsEsd Eia0snEg
@ B. EHRFY, 20FE EBRH IR
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Odds Ratio

5' splice signal

Background
Con: C A G ... G T .
Pos | Generic
Pos 3 2 -1 +5 +6
A 0.25
A 0.3 (06 |01 0.1 0.1
C 04 |01 loo | lo1 o2 C |0
G 02 o2 los |.. los |02 G | 025
T 0.1 0.1 0.1 0.0 0.5 T 0.25

S=5,5,5,S,S:SsS, S, S,

Odds Ratio: R = E(?"') j P_3(S1)P2(S2)P_1(S3) o2 P5(S5)Ps(So)
L (_l-)J - Pbg(S’I)Pbg(Sz)Pbg(S3) soe Pbg(SB)Pbg(SQ)

Bioinformatics, 2025, HUST




Log-odds Ratio g

P(S[+) P5(S1)P.o(S2)P1(S3) =2 Ps(Sg)Ps(So)

Odds Ratio: R = =
P(S|-) Pbg(81)Pbg(82)Pbg(S3) Pbg(SB)Pbg(SQ)
k=9
=11 P_44(Si)/ Ppg(Sy)
k=1
k=9
Score s =l0og,R =D 109, (P4.(Sy)/ Pyy(Sy))
k=1

Bioinformatics, 2025, HUST




HERIE: B8 0

Slide WMM along sequence:

{tgacctagatgagatgicgtticactitiacigagctacagaaaa

O EEE; BAKEE12 bp; AORFT TN

Bioinformatics, 2025, HUST




5. 57§EHRBY (Splicing)

I . .
| 5’ splice site '
=gy, 5 s 7 8 s

3' splice site

LQQQCCCc?C _

Bioinformatics, 2025, HUST




i+ Elog-odds ratio g

5' splice C G
signal & _Lhc

Background
Con: / A \ }h\ Pos | Generic
-3 -2 -1

Pos +5 |+6

A 0.25
A 03 |06 |01 |.. 0.1 |0.1

C 0.25
C 04 |01 |oo |. 01 (02
G 02 |02 |08 .. 0.8 (0.2 G 0.25
T 01 |01 |01 0.0 0.5 T 0.25

S=5,5,5,5,S:S:S,Ss S,

Odds Ratio: R = T~ O1%) = Pa(S)Po(S)P4(S3) =0+ Ps(Se)Pe(So)
P(SI) = Pug(S1)Pog(S2)Pug(S3) *** Pog(Se)Pug(Ss)
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20090

“Decoyﬂ |

5l
Splice
Sites =

1000

Fzaudo-donsrs

Trouas donors

200

True
5!

| Splice
> Sites

[T
o9

Sn:
Sp:

20% 950% 90%

32% 1%
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R &

O ‘AR AIBIIEHEE (Splicing machinery)
ATEEIRAIEH MR, NEEEINIGEIESRR
=3

O PSSMiRE! e R 4FHI R BRELSCRY5’ SSHY
RTER
O FFE[8E: either or both

Bioinformatics, 2025, HUST




Log-odds ratio vs. DIIHf

O X-boxF7l, 10004 bpAIDNAFFF151004
AEZLHIX-box. ST :

B B4 B O FOM

A 0% 10% 1% o

T 10% 10% 7% o

C 10% 0% 1% o

(s 1 0% 1 0% 1% 5ol
= | | I | ]

P(X —box)] T o™
P(X —box)[ T a2™ + P(nonX —box)] T qi™

P(X —box | X,X,X,X,) =
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Log-odds ratio vs. DIATHT (2)

O NMEr A% Wit ESERNSEiEE
£ Fmykefil; B, BRIRERMHIES,
(+)5(-)Z B R EL B A TE

O Log-odds ratio: A EEHE(+)5(-)Z (8]
1?igl:l.’.ﬁll; MBI EHE, HEA(+)S(-)RILE

O WEMNHRE: BEEITESH, Sp, Ac &
MCC

Bioinformatics, 2025, HUST




¢

EIPSSMImotifldomainlBLOCK F—MiL
=0 THAHERNER?

7 X‘Hzﬂ—/\motlflPSSM: B R EA
MaREEZHNER, why?
O wfE=EL “52” ?

DISFHOQ HG.... .
DAFHOYIIBFG... .
D YWNHLSFEFG.... .

... 3IDSFHOFMEFG.... .
. GDISYWNYASFG.... .
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| O SR EA
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1,048,576 1 & F: Yes/No? %

O BEHL1$10000 RMBHIZ ZHi1,048,5764
gEFzZz—
[ Play 20 questions: yes/no

LI ITITITTITT]
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O &2iEZE b4y
J Answer: log,8

A T
W e
o e e g
i
EEEy
e | ER

PR e e g
AL R EATALE A Dl SR TR T R L LR A

gleaten
N A A e ]
ik

Bl

A,
e e e e T P
5

3
s e

Bioinformatics, 2025, HUST
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1,048,576 "= F: Yes/No?

O fE#14%$10000 RMBRY 2 Z 1A\ 1,048,576

BFZ—
[ Play 20 questions: yes/no

LI ITITITTITT]

(1 220= 1,048,576

Bioinformatics, 2025, HUST




E218

7 2= M; bAbit (binary digit) 52

OM: ErBHEREHRNSE; FHitk:

J b =log,(M); => b =-log,(1/M) =>b = -
log,(P); R EEHEEHHERE, NP=1/M

I H: FFE—Pmotiffd—MiIE L, ATEERE
20 S Els, HEEREBZF, MP=1/20

O FRIE: b=-log,(1/20) = 4.32 bits

Bioinformatics, 2025, HUST




ST ¢

O EBEAFR, W
{AJ AR ?
O EX u= -log,y(P;)

u,+utu +u,Fu,

Sl = ;
— N WS
S N N: ZEAE AR
O~ B B 3. 02 7 [ 0L A
BRI A1 = N 1

Bioinformatics, 2025, HUST




ST

20 20
i% N,u, Z N.u
i=1

=> N
N

7 X, N/N=P;Eit, ERXATHLR: z
J Eitt, BREAINA:

20

= = ) Pi(log,Pi)
1=1

Bioinformatics, 2025, HUST




IERWEREAR:  H=- Jrtosm
7 HASMIELH “ERIE
0 ERIE: THREM!

JAEE—IUEL, SHEERLIINIHE
1%
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3 P(D)=1, Bk, H=-1*log,{1)=-1*0=0
A TE M

d P(V)=P(l) =P(L) =P(M) =P(A) = 1/5;
O H=-(1/5)*log,(1/5)- (1/5)*log,(1/5)-
(1/5)*log,(1/5)-(1/5)*log,(1/5)-
(1/5)*log,(1/5)=2.32 bit

= —F
Bioinformatics, 2025, HUST ﬁzzﬁ%/:E HE




ST T ¢

O &F1EHE.
T i R geEIZE AN olgR; N

@A [OEFO@Eza, TaEE
%3 bits /
& B. OlFofzZzR, IAHEHE X ¥
#1 bit 7]
j §?§1§1§\R: /
JR= Hbefore — Hafter =3-1=2

bits

Bioinformatics, 2025, HUST




TEM -> 52 (2)

0 K%, B EERLIAY

O Hbefore = 4.32; O Hbefore = 4.32;

O Hafter 0; O Hafter_232

O Motif FiZ L EREEE O %OtlgﬁfgiiM1ﬁ =81
J9: 4.32 bits

Bioinformatics, 2025, HUST




R{IELZIN: Gibbs Sampler g

 Gibbs Sampler&—#Monte-CarloZ 5%, %t
TFHRIAFS, $ZRE— 1 m KA ERE

O 3 FF5s, BEMEAT— motifBlI{ AR H,
EXWT:

background
weight matrix / freq. vector

P(s* A \@9 )=
><O ><O X ...

\ =

S = %t%tgt atcgtactgactgattaggccatgactgcat”

Motif Iocatmn A




Gibbs Sampling &% (1)

¢

m

K ==

K]
izl

N

’g%’ef?@]_l:lﬁﬁmm HER—ERFF3l, FFHIIC

motif
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Gibbs Sampling &% (2) %

O ¥IZEPSSM/M EXEPE

@ — I
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Gibbs Sampling &% (3) %

O BEHL B ik — 2% FF 5
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Gibbs Sampling &% (4) g

O AR FHIPSSM3TiZF 5 LR BRI gE
motifit{T¥T 5 (B OEZ, BIINMERE
ER Bk & )

Likelihood | __ . -
(probability) —_—

1

1

1
P(s .4 10,6, )=

®




Gibbs Sampling &% (5) g

O RTBOLAMERTE, SRR ERKBRE,
ENEraYmotif

r L} L} I

| = — 1 —

Likelihood
(probability) —
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Gibbs Sampling &% (6) g

O EEHPSSMAEBE

Likelihood

(probability)

@ — 1

Bioinformatics, 2025, HUST




Gibbs Sampling &% (7) %

O REEKITE, BREIURMERSPSSMA
BEETK

|
I

AN

Bioinformatics, 2025, HUST
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Strong Motif

Sites in target sequences
AATCAGTTATCTGTTGTATACCCGGAGTCC
AGGTCGAATGCAAAACGGTTCTTGCACGTA
GAGATAACCGCTTGATATGACTCATTTGCC
ATATTCCGGACGCTGTGACGATCCGGTTTG
GAACGCAACCAGTTCAGTGCTTATCATGAA

AATCAGTTATCTGTTGTATACCCGGAGTCC
AGGTCGAATGCAAAACGGTTCTTGCACGTA
GAGATAACCGCTTGATATGACTCATTTGCC
ATATTCCGGACGCTGTGACGATCCGGTTTG
GAACGCAACCAGTTCAGTGCTTATCATGAA

0%

100% —I N
Motif model
. ‘l | | \‘ | |‘|| \ ‘ “I‘
T
T AATCAGTT

25%

_ AAzc_Aﬁ_

0%
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Gibbs Sampler: 245

O R{EEZIB—MPEHE L (Monte Carlo)

A5

) R:

ORISR

EPSSM/WMM]BE#]:

REX B FF F AT

T RFEREE, ERIERE
O PREBRIEBRXEENGER—H: FES

L

EHILR, FHITHER

O XNMEER. DNA\ RNAFHEFRN LIRS
#Eh

Bioinformatics, 2025, HUST




BT T

[ Expectation Maximization Algorithm

O B8HF &I E: Multiple EM for Motif
Elicitation (MEME)

@ http://meme-suite.org/

O motif KB E S5KEEHRER
O EL: EMOtifEERFS EHEIRVNE

O AR
& E step: fhitmotifilR L ERVHIE R KK
& M step: motif{ll 2R AVRAE & KK

Bioinformatics, 2025, HUST




HEsEAULEZ (2)

F_

oooooootxxxxboooooo
. L 0000000 xxxxEuunouo
H 1 :11,Q1 O% ﬁ ﬁl] . '[;Q = 0000000PpXXXXD000000
20 Aﬁa{: E uonnuungxxxxbnnoouo
| 0000000OXXXXPOO000O
3 J— g r-_ |J j( ﬁ ﬁ% 0000000HXXXX0000000
T %ﬁ y ooooooofxxxxboooooo
E mOtifE,\J1ﬁ§ ODDODDODX}(X}{"ODOOOO Columns defined

ODDODDOI)XXXKEDODOOD by a preliminary

4 > H G = /N lignment of the
-+ alignmen
D {%jﬂzmouf-& = jg 5 | 0000000PXXXXOD000000 asnences

. [ provide initial
ﬁ& g estimate:_-‘. of
[T HEREBRREN frequencies of
amino acids in

each motif

column

Columns not in motif provide
background frequencies

Bioinformatics, 2025, HUST




MotifHy it 3L vs.

# R

¢

O it & motiff E/MLE R ERNERE S H

O BR#ER: R
kit

L

R TRFIITE

T iR R R R

Background Site column 1 Site column 2
G 0.27 0.4 0.1
C 0.25 0.4 0.1
A 0.25 0.2 0.1
T 0.23 0.2 0.7
1.00 1.0 1.0

Bioinformatics, 2025, HUST




PRI RERTTE

Pr(X; 1 Z, = 1,p) = hPckﬂJﬁchk k—j+1 HFEI‘EG

xl v . l qu:( )

, beforemonif monf aftermotif
P X ERRE TFFL ARG ERTHFY i 8
IR, . BLARA Z, = 1;CIENRE T PLIEL &

T,

gl . Bk X, = GCAGTAG
%%%z\u_f:1 2 3

AIO*ZSIO.I 0.5 0.2

Pp=cCl0.25,04 02 0.1

6:0*25|0.3 0.1 0.6

T,0.2510.2 0.2 0.1
BBAPr=1{X1Z3=1,p) = Pg, X Pcg X Pry,
P2 X Pr3 X Py X Pgo =0.25x0.25X0.2x0.1X

0.1x0.25x0.25




A B RERNTE (2)

O i EEXFY, EFRMNERMAE, HOSAMERH

F{E

Sequence 1 XXXX0000000000000000

XXX XK

o 111

NERRRRRRRIREERR

OXXXX00000000000000
XXX XK ey

9 | 111
I IRRRRRRRRRRERR
00XXXX0000000000000

XXX XK mp

111
ARRARRATERRRE

...nbackground
frequencies in the

| |
Use previous
estimates of amino x
acid frequencies for
each column in the

remaining positions.

motif to calculate
probability of motif in
this position, and
multiply by...




E step: &I EHiT

O Z{E: motifEAFR{LE IRV LERIE

Pr(X, | Z, = 1,P)Pr(Z; = 1)

(r) _
zﬂr T fmwtl]

STPr(X; 1 Z, = 1,PY)Pr(Z, = 1)

O Ri%, motiffE XL ERIBRBLZEMER, N

O ZESXKK, Bx “SAIERERME"
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M step: PES A %

O REEFENHRKRZE, EXNTERER, Hit
HP{E&AKHImotif

_ /P{Eﬁj(
' [
Likelihood N —
(probability) —
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T TR <

a BEKESHE W HM—HFF;
b.i%E P MIFIA1E
¢. Do
BiE P REH#T Z 89161t (E- 2])
BiE Z REH#TP WG (M- #5R)
d. H¥l P )/ T e mik;
e. & P,Z W{H.
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Gibbs & EM: 2% g

O BEFRRL: RAFYIEHESE, BNHRE—

motif

O {HEBHE N XX E: Gibbs (WMM &
motiffi{tL#A 1), EM (motificiGiiE, Z
& & motifdY{elsR 1)

OFARITRBERZ—EES—1, X
MERIRETHERFZE, EERIE

O MRIESEINGERARK, IEURE
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