A Novel Method for Fast and

T-Coffee

Accurate Multiple Sequence Alignment

Beth Crompton
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Multiple Alignment is Hard

* General empirical models

fail at <30% sequence T-Coffee is the
identity :

solution to all
your problems

* Progressive Alignment is
too greedy

e Simultaneous alignment is :
very resource intensive

http://www.saynotocrack.com/wp-
content/uploads/2007/07/evil-latte.jpg



Tree-based Consistency_Objective
Function For AlignmEnt Evaluation

*Generates multiple
alignments from

heterogeneous data source
In reasonable runtime

*Optimizes the multiple

__ alignments to fit the
7 dsoacessaomareo " pairwise alignments
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Weighted Primary Library

Align pairs using Clustal\W & Lalign

L

Each aligned pair is a constraint it/ emmitsburg,

net/humor/pictures/200
7/IFw%20Coffee
%20art.jpg

Assign weights to each constraint using Sequence
|dentity method

Weight represents correctness of constraints



Extending the library

Problem: fitting a set of weighted
constraints into a multiple alignment is NP-

complete

Solution: heuristics!




Weights

Already indicate similarity between two s e AR
seqguences

Should indicate consistency with all other
sequences involving those residues

Weight of a pair becomes sum of all weights
found examining all triplets involving that pair

Weight of non-existent residues becomes 0



Library extension-continued

¢)Extended Library for seq| and seq?

Segh GARFIELD THE LAST FAT CaT

T T
SeqB GARFIELD THE FAST CAT

Sagh GRRFIZLD THE [AST FAT CAT
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Weight = 88

Welght = 77
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Extended Library

Sagh GARFIELD THE LAST FAT CAT
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‘ Dynamic Programming
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Progressive Alignment

Pair-wise alignments
distance matrices

guide tree

multiple alignment

http://www.monalisamania.co
m/graphics/art/monalatte.jpg



http://www.woostercollective.com/2007/0
4/01/coffeeart4.jpg

Differences

No need for scoring matrices or gap penalties!

Pairwise alignments are guided toward
consistency with multiple alignment anyway.
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But is it bioloaicallv accurate?
Comparison of T—Coffee and Prrp

T-Coffee Accuracy

Prrp Accuracy

53% S50% 47 %
10} e {

| e e | » Balibase
_5|_'| I - — [ Alignment.

T : 1 - - A % Identity within
10 ) ) 40 B & the core region



Why T-Coffee is worth the effort

chod  Catl (31) Cai2(%3) Cab(d) Cad (1) Cab(11) Towll (141) Tomall(14]) Sigmfcance

Dahgn 710 B2 K1 W1 §04 6.5 313 [1.¥
ClsalW 785 322 425 657 43 664 58.6 %Y

Pp W6 RS N2 S 827 664 N0 %Y
Tlofke 807 373 M9 81 87 71 6

Library extension makes all the difference



Particularly useful for Kinases

glla_eorvsa
kp&B_human
gond

stll_yeast
kind_veast
nima_emeani
kinl_yveast
kool veast
ks62__human
kpcl_veast
vk veast
krac_digcdi
kgp2_droma
kapa_mouse
kdeca_drome
arkl_human
dmk__human
df2_veast
piml_ human

NBS
lshfkllkklgcgdigsvylsels--—-gtesyfamKVMDEas——-—---~
gmdfkeieligsggfaggvikakhr---idgktyviKRVEYnn-—-—---
~=~tlkrlnfegggafggvvkarna---ldsryyaiEKEKIRNte—————-
pknwlkgacigsgasfgevylgmna---htgelnavEQVEIknnnigvpt
reeygvleeigrgsfgsvrkvihi——ptkkl lvrEDIEYgh-—————-
adkyevlekigogafgiirkvkrk-—--sdgfilcrEEINYik-—————-
lgdwefvervgagemgkvklakhr-=-=-yvinevocavKIVNRat---~kaf
kkkyvigktlgagtfgvvrrgaknt-—-etgedvavEILIEka-——-——--
peafellkvlgggsfagkvilvkkisgedarglyvamEVLERat -======
ldnfvllkvlakagnfagkvilskek-——-ntdrlcai EVLEREdN=======
iddfdl lkvigkgsfgkvmgvrkk-—--dogkival KARLREAY - ——————
vadfellnlvgkgsfgkvigvrkk---degevyamEVLEKkh-----—~
ltdlrviatlavagfgrvelvgtn--gdssrefalkgmkkag---—-—-
ldgfdriktlatgsfgrvmlvkhk---gsgnhyamEILDEgk-=-=====

lenyitravlgngsfgtvmlvreak-—--sgknyyvaaFMMSEed--————-
mndfsvhriigrggfgevygerkr===dtgkmyamECLDEkYr = ======
rddfeilkvigrgafsevavvknk---gtggryamEIMNEwd-———-———
nrdfemitgvggggyogvylarkk---dtkevecal KILNEk]l--~-~~~

esgqyagragpllgsggfgsvysgirv-——sdnlpvalRHVERdY ——————-—



Efficiency

Runs in quadratic time
O(N*L*)+O(N°L) + O(N°) + O(NL?)

2X Slower than ClustalW
(more overhead)
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