HMM variants

--- for comparative gene finding,
etc.
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Higher-order HMMs "
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Higher-order HMMs o)

Every state of the HMM emits 1
nucleotide

Transition probabilities:

Probability of a state at one

position, given those of 3

previous positions (triplets):
P(p, | Py P2 Pa)

Emission probabilities:

PXi | p)

Algorithms extend with small
modifications

Modeling the Duration of States 3

1-p
Length distribution of region X:

Elly = 1/(1-p)

e Geometric distribution, with mean 1/(1-p)

This is a significant disadvantage of HMMs =)

durafion

Several solutions exist for modeling different length distributions
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Poisson point process o)

A counting process that represents the total number of
_occurr?nces of discrete events during a temporal/spatial
interva

— the number of occurrences in any internal of length t is Poisson
distributed with parameter | t:

()"

nl

P(At+t)-An)=n)=¢’

— the number of occurrences in disjoint intervals are independent

— the duration of the interval between two consecutive occurrences
has the following distribution:

pt <s)=1-¢'°




Poisson point process o)
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Truncation is needed at both ends!

Generalized HMM o

Upon entering a state:

1. Choose duration d, according to probability distribution
2. Generate d letters according to emission probs
3. Take a transition to next state according to transition probs

Disadvantage: Increase in complexity:

Time: O(D?)
Space: O(D)

where D = maximum duration of state




Comparative genomics V%
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A pairwise comparison between
human and mouse genome =3

Total Henologies: 4776

Total neppec in both specisss 3
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Aligning one locus

Exon 1 Exon 2 Exon 3 Exon 4

Intron 1 Intron 2 Intron 3

Splice site Splice site
GGTGAG CAG

Translation Branchpoint Stop codon
Initiation CTGAC TAG/TGA/TAA

ATG

Pairwise alignment - a close-up view

50 . : . : . : . : . :

247 GGTGAGGTCGAGGACCCTGCA CGGAGCTGTATGGAGGGCA AGAGC
l: Il PR 1l ==:11 [N [1===1111

368 GAGTCGGGGGAGGGGGLTGCTGTTGGLTCTGGACAGCTTGCATTGAGAGE

100 5 3 . = . E : 3 5 3
292 TTC CTACAGAAAAGTCCCAGCAAGGAGCCACACTTCACTG

=== Il (I I I I B At I R N
418 TTCTGGCTACGCTCTCCCTTAGGGACTGAGCAGAGGGCT CAGGTCGLGE

150 . : . : . : . : . :
332 ATGTCGAGGGGAAGACATCATTCGGGATGTCAGTG

--------------- PECTEETTET et el
467 TGGGAGATGAGGCCAATGTCGAGGGGAAGACATCATTTGGGATGTCAGTG

200 . : . : . : . : . :
367 TTCAACCTCAGCAATGCCATCATGGGCAGCGGCATCCTGGGACTCGCCTA

PEVRE=00 =t e e re e =t tt=rre et
517 TTCAATCTCAGCAACGCCATCATGGGCAGTGGAATTCTGGGGCTCGCCTA




Three pairwise alignments o)
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Example: a human/mouse ortholog o]

Human Locus

NG L7

CDs

oo —

Mouse Locus

|:| coding exons EEE intergenic regions
[] noncoding exons [ strong alignment
I introns == weak alignment

Il intergenic regions




Paired HMM o)

Alignments correspond
1-to-1 with sequences
of states M, I, J

- AGGCTATCACCT GACCT CCAGGCCGA- - TECCG - -
TAG CTATCAC- - GACCGC- GGTCGATTTGCCCGACC
| MM MVMVWIVWMI J MMVMVM] MVWMVW | MMVIWM | |

Let’s score the transitions W

Alignments correspond
1-to-1 with sequences
of states M, I, J

- AGGCTATCACCT GACCT CCAGGCCGA- - TECCG - -
TAG CTATCAC- - GACCGC- GGTCGATTTGCCCGACC
| MM MVMVWIVWMI J MMVMVM) MVWIVWW | MMVIWM | |




Gene finding .

Exon 1 Exon 2 Exon 3 Exon 4 -
- DNA
Intron 1 Intron 2 Intron 3
Promoter Splice site  Splice site Pyrimidine polyA signal
TATA GGTGAG CAG tract
A,
Translation Branchpoint  Stop codon
Initiation CTGAC TAG/TGA/TAA

ATG




Generalized HMM Gene finder

TAAT ATETCCACHE STATTSAG CATTETACACGES lGTA'l"I's AG CATETAA TEAA

Generalized Pair-HMM gene finder
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Hierarchical state transition in pHMM

Allowing for inserted exons
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