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Applications of Local MSA
Conserved patterns in biological sequences

Example: Transcription factor binding sites

SP ...gcttt AATTTTCACTATATACTATAA cgatt. ..
ST ...cagat ATAAATGATATAGTGGTTATA gttaa. ..
ST ...atctt TTTTATTATTAAATCGTATTA gcagc. ..
EC ...aggct ATAAATGATATAGTGGTTATA gttag. ..
EC ...acctt TTTTATTATTAAATCGTATTA gtcac. ..
VC ...ttata ACTAATAATTATAAAATATGT gtgtc. ..
YP ...gctga TGAAATGATATAATCGTTATA taaga...

. agcgagcctgagcactcgaggcatctctgcacattcagclatgggatgggcctcctgtccctgtatgcgcctgatga. .
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Applications of Local MSA
Conserved patterns in biological sequences

Example: Protein domains
Fold independently
Carry out specific functions
Found in diverse contexts
Conserved in evolution
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Adapted from Robinson et a/, 2000

Multi-domain protein example:
PAX gene family

« Developmental regulatory genes that encode
transcription factors

« Contain a DNA binding domain

« Early expressed during embryogenesis &

* Role in morphological boundaries and early Jﬂ
regionalization | -

Protein domain databases

Conserved Domain Database (CDD)
Representation: Position specific scoring matrices (PSSMs)
Structurally corrected local MSAs
CDART: Conserved Domain Architecture Retrieval Tool

PFAM, SMART
Representation: Hidden Markov Models (HMM’s)
Curated local MSA'’s

More:
see Mount, Table 9.5

Pax structure

homeodomain
PA| RED

paired domain

Pax domain architecture

http://www.gene-regulation.com/info/pax.html

http://www.gene-regulation.com/info/pax.html
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paired box gene 8 [Mus musculus]
gi|6754990|ref|[NP_035170.1|[6754990]

Pairwise sequence alignment

(global and local)

Multiple sequence
alignment

/

global local
Discovery: identifying conserved patterns in multiple sequences
Modeling: Constructing probabilistic models of local MSA's

Recognition: finding new instances of known patterns (using those
models)

... RLSKIISMFQAHIRGYLIRKAYKRGYQARCLLK . . .

- .. RNKHAIAVIWAFWLVQSSFRGYQAGSKARRELK . . .

| . GWQKRVRGWIVIVRRNFKKKRNEKLSATAZZZZZYQ . ..
- . MKRSQVVKQEKAARKVQKFWRGHRVQHNQR . . .

... QEEVSAIIIQRAYRRYLLKQKVKILRVQSS ...

- .. RLSKIISMIQAHIRGYLIRKAYKRGYQARCLLK .
- .. RNKHAIAVIWAFWLVQSSFRGYQAGSKARRELK .
. GWIQKRVRGWIV IRRNFKKKRNEKLSATAZZZZZYQ
. . MKRSQVVKQEKAARK I QKFWRGHRVQHNQR . . .
- .. QEEVSAIIIQRAYRRYLLKQKVKILRVQSS ...

ﬁ*—%eling

Discovery

Recognition

.. GWQKRVRGWIVIVRRNQVNQAAVTIIQRWYRCQVQRRRAGFKKKRNEKLSATAZZZZ 4

Local Multiple Sequence Alignment
Probabilistic Framework

« Discovery

— Given multiple sequences, often unaligned, find a
conserved pattern (e.g., the Pax domain)

* Representation

— Given a local MSA for the Pax domain, construct
probabilistic model

» Recognition (using model)

— Given a new sequence, does it contain the Pax
domain?

— Find all sequences with Pax domains in the data base.




Local MSA Methods

 Discovery:
— Hidden Markov Models (HMMs)
— Gibb’s sampler
— PSI BLAST

¢ Modeling:
» Position Specific Scoring Matrices (PSSMs)
— HMMs

< Recognition:
— Depends on model
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