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Agenda

• Introduction to motifs and domains
– Definition
– Representation
• Exact
• Probabilistic

• Motif demonstration
– Databases
– Web tools
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Definition of Motifs and Domains

1. Occur frequently
– May not be exactly the same in different occurrences.
– Are unlikely to occur ‘by chance’; they are ‘over-represented’.

2. Usually have known or predicted functional roles
3. Are evolutionarily conserved

• Examples:
– DNA motif, protein domain
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Transcription Factor

• Transcription factors are proteins that contain 
one or more DNA-binding domains, which 
attach to specific sequences of DNA adjacent 
to the genes that they regulate. (from wiki)

• Representations:
– Consensus sequence representation
– Degenerate sequence in IUPAC code
– Regular expression representation
– Position weight matrix (PWM)
– Sequence logo
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How to represent a motif?

• Given the occurrences of a motif below. Use 
consensus sequence, degenerate sequence, 
regular expression, PWM, and sequence logo to 
represent the motif.

HEM13 CCCATTGTTCTC
HEM13 TTTCTGGTTCTC
HEM13 TCAATTGTTTAG
ANB1  CTCATTGTTGTC
ANB1  TCCATTGTTCTC
ANB1  CCTATTGTTCTC
ANB1  TCCATTGTTCGT
ROX1  CCAATTGTTTTG
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Example: Consensus Sequence
• Consensus sequences from the majority vote.

CCCATTGTTCTC
TTTCTGGTTCTC
TCAATTGTTTAG
CTCATTGTTGTC
TCCATTGTTCTC
CCTATTGTTCTC
TCCATTGTTCGT
CCAATTGTTTTG

Consensus sequence: CCCATTGTTCTC
or TCCATTGTTCTC
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Example: Degenerate Sequence 

• Degenerate sequence in IUPAC code

CCCATTGTTCTC
TTTCTGGTTCTC
TCAATTGTTTAG
CTCATTGTTGTC
TCCATTGTTCTC
CCTATTGTTCTC
TCCATTGTTCGT
CCAATTGTTTTG

Degenerate sequence:
YYHMTKGTTBDB
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Code Description

A Adenine

C Cytosine

G Guanine

T Thymine

R Purine (A or G)

Y Pyrimidine (C or T)

M A or C

K G or T

W A or T

S C or G

B C, G or T (not A)

D A, G or T (not C)

H A, C or T (not G)

V A, C or G (not T)

N Any base (A, C, G or T)



Define a Regular Expression

• A regular expression is a specific pattern that 
provides concise and flexible means to match 
text strings.
– For example, we can define:
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Metacharacter Description

. Matches any single character. 
e.g.: A.C matches “AAC“, “ACC”, “AGC” or “ATC”.

[ ]
A bracket expression. Matches a single character that is 
contained within the brackets. 
e.g.: A[ACT] matches “AA", “AC", or “AT".

A{m, n} or 
(A){m, n}

Repeat a substring, i.e.: A, at least m and at most n times. 
e.g.: A{2,3} matches “AA” or “AAA”. (GT){3} matches 
“GTGTGT” only.



Example: Regular Expression
CCCATTGTTCTC
TTTCTGGTTCTC
TCAATTGTTTAG
CTCATTGTTGTC
TCCATTGTTCTC
CCTATTGTTCTC
TCCATTGTTCGT
CCAATTGTTTTG

One possible representation in regular expression:
[CT]{2}[ACT][AC]T[GT]GT{2}[CGT][AGT][CGT]
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Example: Position Weight Matrix

• Position Weight Matrix is a matrix that shows a 
weighted match to a list of sequences.

10BMEG3012 Bioinformatics Tutorial Notes | Spring 2021

A 0 0 2 7 0 0 0 0 0 0 1 0

C 4 6 4 1 0 0 0 0 0 5 0 5

G 0 0 0 0 0 1 8 0 0 1 1 2

T 4 2 2 0 8 7 0 8 8 2 6 1

A 0 0 0.25 0.88 0 0 0 0 0 0 0.13 0

C 0.5 0.75 0.5 0.13 0 0 0 0 0 0.63 0 0.63

G 0 0 0 0 0 0.13 1 0 0 0.13 0.13 0.25

T 0.5 0.25 0.25 0 1 0.88 0 1 1 0.25 0.75 0.13

Nucleotide Frequency

Position Weight Matrix



Pseudo-count in PWM

• About pseudo-count:
– Pseudo-count is a small number added to each count on 

the occurrence of nucleotides.
– Adding pseudo-count is to alleviate problems due to the 

small sample size
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A 0 0 2 …

C 4 6 4 …

G 0 0 0 …

T 4 2 2 …

A 0 0 0.25 …

C 0.5 0.75 0.5 …

G 0 0 0 …

T 0.5 0.25 0.25 …

A 1 1 3 …

C 5 7 5 …

G 1 1 1 …

T 5 3 3 …

A 0.08 0.08 0.25 …

C 0.42 0.58 0.42 …

G 0.08 0.08 0.8 …

T 0.42 0.25 0.25 …



Example: Position Weight Matrix
• Based on the PWM, what is the 

probability that we have a motif 
YYCATTGTTCTC (in IUPAC)?

• Answer:
(0.5+0.5)(0.75+0.25)(0.5)(0.88)(1)
(0.88)(1)(1)(1) (0.63)(0.75)(0.63) 
= 0.11525976
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Code Description

A Adenine

C Cytosine

G Guanine

T Thymine

R Purine (A or G)

Y Pyrimidine (C or T)

M A or C

K G or T

W A or T

S C or G

B C, G or T (not A)

D A, G or T (not C)

H A, C or T (not G)

V A, C or G (not T)

N Any base (A, C, G or T)



Example: Sequence Logo

• Sequence logo is the graphical representation 
of the sequence conservation

• Height of nucleotide j at position i = pj,i × hi
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ℎ𝑖 = 2 + & 𝑝𝑖,𝑥 log2 𝑝𝑖,𝑥
𝑥∈{A,C,G,T}

−
4 − 1
2𝑛 ln 2

 

H7 = 2 + 0 log2 0 + 0 log2 0   
+ 1 log2 1 + 0 log2 0 
- 3/(2×8×ln(2))

= 1.7295

Height of A = 0 x 1.7295 = 0
Height of C = 0 x 1.7295 = 0
Height of G = 1 x 1.7295 = 1.7295
Height of T = 0 x 1.7295 = 0

n: number of sequences
0*log2 0 is defined as 0



Example: Sequence Logo

• Height of nucleotide j at position i = pj,i × hi
• .
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ℎ𝑖 = 2 + & 𝑝𝑖,𝑥 log2 𝑝𝑖,𝑥
𝑥∈{A,C,G,T}

−
4 − 1
2𝑛 ln 2

 H3 = 2 + 0.25 log2 0.25 
+ 0.5 log2 0.5   
+ 0 log2 0 
+ 0.25 log2 0.25
- 3/(2×8×ln(2))

= 0.2295

Height of A = 0.25 x 0.2295
= 0.0574

Height of C = 0.5 x 0.2295
= 0.1147

Height of G = 0 x 0.2295 = 0
Height of T = 0.25 x 0.2295

= 0.0574



Properties of the Sequence Logo

• The height of the character indicates the 
probability of having such nucleotide in the 
motif.

• Nucleotide with the highest probability was 
draw on the top at each site.

• The total height of a site shows the 
randomness in seeing different nucleotides. 
Larger height means the site is more 
conserved (i.e. less randomness).
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Exercise: Motif representation
• Given the following sequence alignment:

CCTGGC
CCTGGA
CCTGGC
CCTGGC
CCGGGC
CTTGGC
CTTGGC
CCGGGC
CTTGGC
CTTGGC

• Write down the consensus sequence representation, 
degenerate sequence, regular expression, PWM.
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Code Description
A Adenine
C Cytosine
G Guanine
T Thymine
R Purine (A or G)

Y Pyrimidine (C or T)
M A or C
K G or T
W A or T
S C or G

B C, G or T (not A)
D A, G or T (not C)
H A, C or T (not G)
V A, C or G (not T)
N Any base (A, C, G or T)

Metacharacter Description

.
Matches any single character. 
e.g.: A.C matches “AAC“, “ACC”, “AGC” or “ATC”.

[ ]
A bracket expression. Matches a single character that is 
contained within the brackets. 
e.g.: A[ACT] matches “AA", “AC", or “AT".

A{m, n} or 
(A){m, n}

Repeat a substring, i.e.: A, at least m and at most n times. 
e.g.: A{2,3} matches “AA” or “AAA”. (GT){3} matches 
“GTGTGT” only.



Answer: Motif representation

• Consensus sequence: CCTGGC
• Degenerated sequence in IUPAC code: CYKGGM
• One possible regular expression: 
C[CT][GT]GG[AC]

• Position weight matrix:
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A 0 0 0 0 0 0.1

C 1 0.6 0 0 0 0.9

G 0 0 0.2 1 1 0

T 0 0.4 0.8 0 0 0



Databases and web tools
• TFBS databases:
– Factorbook

• http://www.factorbook.org/human/chipseq/tf/
– JASPAR

• http://jaspar.genereg.net/
– Transfac

• http://genexplain.com/transfac/
– Hocomoco

• http://hocomoco11.autosome.ru/
• Motif-based sequence analysis tools
– The MEME Suite

• http://meme-suite.org/
• Motif Discovery, Motif Enrichment, Motif Scanning, Motif 

Comparison, ……
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http://www.factorbook.org/human/chipseq/tf/
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Demonstration on Databases

• FactorBook:
http://www.factorbook.org/mediawiki/

• JASPAR
http://jaspar.genereg.net/
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Database Demo: FactorBook
• The example we use here is JunD.

http://www.factorbook.org/mediawiki/index.php/JunD
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http://www.factorbook.org/mediawiki/index.php/JunD


Database Demo: FactorBook
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Database Demo: FactorBook
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Database Demo: JASPAR

• Go to JASPAR database, and search JunD again:
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Database Demo: JASPAR

• Summary page for JUND transcription factor
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Demonstration on MEME

• Motif-based sequence analysis tools
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Demonstration on MEME

• Web tools for different proposes:
– Discover motifs: MEME, DREAM, GLAM2
– Search databases: MAST, FIMO, MCAST, GLAM2SCAN
– Compare motifs: TOMTOM
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Web tool demo: MEME

• Input sequences
in FASTA format

• Submit query
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Web tool demo: MEME
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Web tool demo: MEME
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Check list

• What are the three important features of a 
motif (or domain)?

• What are the five different representations of 
a motif?

• Name a database and corresponding data 
related to motif.

• What is motif discovery problem?
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Extra Exercise

• Suppose in the genomic background, the 
percentages of A, C, G and T are 30%, 20%, 20% 
and 30%, respectively. What is the probability for 
each the following patterns to appear on either 
strand of a random DNA sequence of 5bp long, 
assuming each position is independent of the 
others? Explain how these values are computed.

• AACTT
• ACNG, where N can be any of the four nucleotides
• ATA
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