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An Introduction to the Hidden Markov Models for Bioinformatics

ZHOU Hat ting
( Southwest University of Science & Technology , Miany ang 621000, Sichuan, China)

Abstract: The Hidden Markov Model (HMM) is a statistical model, which is very well suited for many tasks in me-
lecular biology, although they have been mostly developed for speech recognition since the early 1970° s. The most
popular use of the HMM in molecular biology is as a “ probabilistic pro-file” of a protein family, which is called a
profile HMM. From a family of proteins (or DNA) a profile HIM can be made for searching a database for other
members of the family. The HMM can be applied to other types of problems. It is particularly well suited for prob-
lems with a simple “grammatical sirudure’, such as gene finding.
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Fig.3 A hidden Markov model derived from the alignment discussed in the text
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HMM TGCT - - AGG TGCT - - AGG
ACAC - - ATC . ACAC- - P(TGCTAGG)= 0.002 3x 10 .
ATC : TGCT - - AGG  ACAC - - ATC
P(ACACATC)= 0.8x1x0.8x 1x0.8x0.6 2000 . 2
x0.4x0.6x 1x1x0.8x1x0.8= 4.7x 10 ° 1.
1 2
Table 1 Probabilities and Log odds scores for the 5 sequences in the alignment
x 100
Sequence Probability x 100 Log odds

Consensus ACAC- - ATC 4.7 6.7

Original Sequences AA- - - ATG 3.3 4.9

TCAACTATC 0.0075 3.0

ACC- - AGC 1.2 5.3

AA- - - ATC 3.3 4.9

ACCG- - ATC 0.59 4.6

Exceptional TGCT- - AGG 0.0023 -0.97
\ . (1) 1 Profile , Profile HMM "™ ¢!
) . Pro-
file . HMM
Profile
Profile HMM
" . 10 20
S W(S), , Profile 40 50
S P(5),
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= logP (S) - Llog0. 25 (1) ( ),
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Profile *™ " R , 3
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Fig.4 'TThe transition structure of a profile hidden Markov model
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Fig. 6 The structure of a gene with some of the important signas shown
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Fig. 7 Examples of human acceptor sites(T he splice site + c(AG)+ c( CAT))
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Fig. 8 A modéd of coding regions
Top: A model of coding regions, where state one, wo and three match e fist, second and third codon posiions respectively. A coding

region of any length can match this model, fist three sates matching a start codon, the next three of the form shown to the left, and the

lagt three states matching a stop codon( Only one of the three possible stop codons are shown) .
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Inter- region around coding region around
ganic slarnt codon region stop codon
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B x A7~JE% DNA, ¢ & %5 DNA
Fig.9 A hidden Markov Mode for unspliced genes

“X’ means a atate for nor coding DNA, and “ ¢ means a state for coding DNA. Only one of the three possible 40p codons are shown

in the model of the region around the stop codon.
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Fig. 10 The structure of gene splicing in three different frames

To get the frame correct“ spacer states’ are added before and after the intron models.
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