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What |Is Multiple Sequence Alignment?,

\\ﬁu_-—

® Pairwise Sequence Alighment:

gcn2 ——tlkrlnfsgqgafgqvvkarna———ldsryyaiKKIRNte ———————
stll_yeast pknwlkgacigsgsfgsvylgmna—-—htgelmavKQVEIknnnigvpt

@ Multiple Sequence Alignment:

glla orysa EREIL—=—=————w—cmmmee o goldhpf-—1ptlyt——————
kp68_human EVRAL-—=w——-meeemo akldhvn--ivhyngcwdgfd
gcn2 EVMLL-—————— e aslohgy--vvryyvaawleed
stll_yeast EMNLL--———=——cmme kelhhen--ivtyyg-———m—-
kin3_yeast ECSIL--————-—oeemoo________ sqlkhen--ivefyn-w-—--
nima_emeni EFNIL—~-=-~o-—ee o _____ sslrhpn--ivayyh-r-——-
kinl_vyeast eqdvlequklekeisrdkrtireaslgqilyhph——icr1fe—~~

kecl_yeast ELDIL~=—m———e——meoo "7 grlhhpn--ivafkd-e———-
ks62_human ERDIL---——ceccmmmm . ____ vevnhpf--ivklhy-—-——=
kpcl_yeast ERKVF——————ee—e llatktkhpf--ltnlyc——-==-
YPk2_yeast ERTVL---—-—m——meo arvdepf--ivplkf———e——
krac_dicdi ERNIL———-——cmmmme o _____ qkinhpf--lvnlny-~-~--
kgp2_drome EKEIM---—-—mmemommm______ geancqgf~-ivkl fk-—----
kapa_mouse ERRIL~—-——————mmeoeeo o __ gqavnfpf--lvklef——-w--
kdca_drome EKHVL--=—w—eommme o _ naarfpf--liylvd-———-—
arkl_human BRIML--——w—o—ooeo______ Slvstgdcpf——ivcmsy ——————
dmk_human ERDVL---——-—meee vngdrrw--itqlhf-——-—--
dbf2_yeast ERDIL-~~=—=—me——— = ——--tttrsew--lvklly--—-—-—

piml_human EVVLL-----—--—--. ______ kkvssgfsgvirlld-————-



Why Do Multiple Sequence Alignment?

® Pairwise sequence alignment models an evolutionary
relationship between two sequences. It models the
process of insertion, deletion, and mutation by which
- the two sequences diverged from each other.

® Multiple sequence alignment models the evolutionary
relationship between N sequences. It models the
process of insertion, deletion, and mutation by which
the N sequences diverged from a common ancestor.

® Since sequence similarities between proteins reflect
structural and functional similarities, we can use a
multiple sequence alignment to infer these
relationships.



PSA With Dynam ¢ Programming

Finding a PSA  Finding a path through a 2 Dim matrix Is O(L
*L the equence ength



PSA of eaf nodes .branch nodes
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® PS Kol PSA of branch nodes.



Align N sequences using guide trgq

1. Use standard PSA to align leaf sequence.
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2. Profile multiple sequence alignments at branch nodes.
3. Use standard PSA on profiles.

4. Recurse.



Optimal MSA Is Not Possible!
What’s done instead?
Progressive Alignment (CLUSTAL)

Compute PSAs of all N Build Guide Tree
sequences.
seqA
° segB
seqC sé}qE \
seqF ¢ D A B B
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seqD



MSA With Dynamic Programming

H gh d mensional MSA
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Fndng an MSA Fnding a path through an N D'm matrix s O LM
* N s the number of sequences and L is the sequence length



Problems With Progressive Alignment

Greedy Algorithm results in local
minimum. - T-Coffee

Artifact Gaps. * POA



Local Minimum Problem

a)Regular Progressive Alignment Strategy

SeqA GARFIELD THE LAST FAT CAT

SeqB GARFIELD THE FAST CAT

SeqC GARFIELD THE VERY FAST CAT

SeqgD THE FAT CAT

Eem——)

SeqgA GARFIELD THE LAST
SeqgB GARFIELD THE FAST

8eqC GARFIELD THE VERY
SeQqD ---—~—- THE —----

FA-T
CA-T
FAST
FA-T

CAT

CAT
CAT



T-Coffee Conclusions

® Despite its being somewhat slower than
CLUSTALW T-Coffee 1s being used by
more and more bioinformaticists Their
method being fairly heuristic is clearly not
the last word on the local minimum
problem in MSA.



T-Coffee Compared With Other MSA
Methods on Balibase Set

Table 2. T-Coffee compared with other multiple sequence alignment methods

Method Catl (81) Cat2 (23) Cat3 (4) Cat4 (12) Cat5 (11) ‘lotall (141)

Dialign ‘ 71.0 25.2 35.1 74.7 80.4 61.5

ClustalW 78.5 322 2.5 65.7 74.3 66.4

Prro | 78.6 32.5 50.2 51.1 82.7 66.4
T-Coffee 80.7 37.3 529 83.2 88.7 721
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Balibase MSA Test Set

Contains 141 protein alignments. Constructed
by manual structure comparison, validated using
SSAP or DALL.

Five Categories: a) phylogenetically equidistant
members, b) one orphan with group of closely
related, c) two distant groups, d) long terminal
insertions, e) long internal insertions.
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Progressive Alignment

S

Extended Library

SeqgA GARFIELD THE LAST FAT CAT

HHTH TSN

SeqgB GARFIELD THE FAST CAT

| S Extendled fo PS, Braucl Mok
! te. prodile MSAg

Dynamic Programming
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SeqgqA GARFIELD THE LAST FA-T CAT
SeqgB GARFIELD THE ---- FAST CAT
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Extended Libxrary Construction

N

c)Extended Library for seql and seq2

SeqA GARFIELD THE LAST FAT CAT

PRRELELE i L 1 Weight = 88
SeqB GARFIELD THE FAST CAT

LAST FAT CAT
RLIEARAN

E
I
?: VERY FAST CAT  Weight=77
E FAST CAT

SeqA GARFIELD TH
P il

|
SeqC GARFIELD 'Il‘lil
TH

Se@B GARFIELD

SeqfA GARFIELD THE LAST FAT cziulr
111 1
SeqD THE FAT CAT Weight = 100

[HANBANY

111
SeqB GARFIELD THE FAST CAT

Comsicler G i Garfield:
Lok SC6) be the 6 of sequance 3.

\/J\(ACG)) BCE)) =3% in privery LW
\W(ACS), RC6)) = min (W(LAE), CCO)),
W), BCEY) =77
in exdendad L

Wove WA, W) =77
1 W, (C(6),BG)=]00

Covtaint Onuy Wdor ok re Gahve fo A(6)or B(®.



Primary Library Construction

b)Primary Library

o SeqB GARFIELD THE ---- FAST CAT Welght = 100
SoaB GARFIELD THE LASL FAT CAT  Prim. Weight = 88 SeqC GARFIELD THE VERY FAST CAT !nm Wels
SeqC GARFIELD THE VERY FAST CAT Prim.Weight=77 Soy CARFIELD THE FAST o Prim. Weight = 100
SegqA GARFIELD THE LAST FAT CAT pu _ SeqC GARFIELD THE VERY FAST CAT prim - -
SeqD —o—--==2 THE ---- FAT CaT FPrim. Weight =100 SeqhD —-—-=-- THE ---- FA-T CAT ©nm. Weight=100
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T-Coffee Strategy
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T-Coffee Objective:

Use as much information from pre-
alignment to not oo guide the order of
sequence alignment, but the
alignments themselves.



Gap Artifact Problem

A(ijnmu\f A :
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S = TGCACTCEAT



What do we really want to know about an
MSA?

1. The order of letters within a sequence. &’
to 3’ or N-terminal to C-terminal.

Which letters are aligned between

sequences.

Ordering can be imposed by one sequence on
another sequence only through alignment.



RC-MSA of Four Proteins
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Construction of Resulting PO-MSA




Seguence Alignment Using
PO-MSA Representation

S(p.m—=1)+ s(n,m)

o S(n,m)=max S(p,m)+ A(m)
=
—— S(n,m—1)+ A(n)
i ==
7 : — 1= P considering all predecessor nodes p that have

gﬁf il a directed edge from p — n.
¢ A~ s
A = S0 Y

a1}

DO P @B =P OO Do,
\*E“ D@D



hom )+ A (mn)




PO-MSA of Human EST Cluster

CONSENST i e TGTACNT .GTTTGTGAGG. cﬂA
CONSENSO A.GTTCCTGCTGC. . oo vn vt GTTTGCTGGACTGATGTACTT . GTTTGTGAGG . CAA
Hs#S5663801 A.GTTCCTGCTGC. ... evnn... GTTTGCTGGACTTATGTACTT . GTTTGTGAGG . CAA
Hs#S337687 aferrceTaerec. ...l GTTTGCTGGACTGATGTACTTEGTTTGT]] AR
Hs#5629177 A.GTTCCTGCTGC. .. ........ GTTTGCTGGACTGATGTACTT . GTTTGTINAGG . CAA
Hs#S5672957 A.GTTCCTGCTGC. .o vvevn ... Te'y 1 (e o (DR
Hs#5672182 A.GTTCCTGCTGC. .o v vn .. GTTTGCTGGACTGATGTACTT.GTTT. ... v.. ...
Hs#S674099 A.GTTCCTGCTGC. . vvvnvn.n GTTTGCTGGACTGATGTACTT . GTTTGTGAGG . CAA
Hs#5196113 a.cryerdird. . ... .. GTTTGCTGGACTGATGTACTT . GITTGTGAGG . CAA
Hs#S994400 ... ... ... GTACHT . GTTTGTGAGG . cjfa
Hs#S5550772 A.GTTCCTGCTGC. .o vvvnvn.. GTTTGCTGGACTGATGTACTT . GTTTGTGAGG. CAA
Hs#S80460 A.GTTCCTGCTGC. .o vvvnnn.. GTTTGCTGGACTGATGTACTT . GTTTGTGAGG. CAA
Hs#539701 A.GTTCCTGCTGC. .. vvu .. GTTTGCTGGACTGATGTACTT . GTTTGTGAGG. CAA
Hs#51988018  a.aTTCcTGCTGC. .. .L Ll HrrrecrceacTeaTeTacTT. djrreTeace. caa
Hs#S5341915 A.GTTCCTGCTGC. .o vvvn... GTTTGCTGGACTGATGTACTT . GTTTGTGAGG . CAA
Hs#S51794113 A.GTTCCTGCTGC. .. vvvvn ... GCTTGCTGGACTGATGTACTT . GTTTGTGAGG . CAA
Hs#54698 A.GTTCCTGCTGC. .. .vvvnn.. GTTTGCTGGACTGATGTACTT . GTTTGTGGG . CAA
Hs#5813765 a.crfecredfe. .......... arrracllecacfeareracrt . arflercace. caa
HSHS 1184845 G.CAA
HSHS 077403 it e e GG.CAA
Hs#5914987 ... . CTGATGTACTT . GTTIGTGAGGRCAA
Hs#51985364 A.GTTCCTGCTGC -« v v wvensns GTTTGECIGGACTEATGTACTT | GTTTGTGAGE . CAR
Hs#51465644 .. ........... GTTCTGCCTECOTTTGCTGRACTGATGTACTT . GTTAGT . AliG. CAA

Hs#51850471 Borflorcfg........... arrrecreaacTiiardihcrjerifior. acs. caa



New Data-Structure for MSA:
PO-MSA

P KM I VR P Q KN E TV
T H K M L V R N E T | M

®~-®-W~O~V-®-~F~Q@~K~-N~E~D~V

‘ \bke,‘.
o indices

and esidue 905;&‘\‘”‘"

diwes stored oo
each. node.
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Ising PSA on 1D Profiles ()

N

® Each column is treated in isolation.

But interpreting what's a true gap requires
looking outside of column.

® We can try to solve this problem by
adjusting the scoring process.
This results in a non-local scoring function,
which violates dynamic programming.

Instead, we can try a new MSA
representation.



What do we want to do with our MSA?

We want to use t as an object n
progress've muit ple sequence a gnment

We want to ana yze 't for b ologica y
nterest ng features



PO-MSA of Four Proteins

BBE A SEN TIZLITT
ORBZ G

VIATK KINASE M
M /_

CRKL



Advantages of POA

Can align up to 5,000 sequences at once
An order of magnitude speed up from
CLUSTALW, T-Coffee, and Phrap.

Can look for biologically nteresting
features in a PO-MSA using graph
algorithms

Can be used with T-Coffee BLAST, etc

Can be used to easily add additiona data
nto a sequence alignment.



POA Conclusions
POA is just now being made publicly
available. While it has been very useful in
the Lee lab, it is untested by other
researchers. It does not yet address
issues of local minima and scoring
functions. However, it does introduce the
possibility of entirely new algorithms for
bioinformatics.



