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Molecular Evolution

Highly relevant but we only have time to
mention some
very basic issues
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Web Resources

o Useful Lists

http://www.mcb.harvard.edu/BioLinks/Evolution.html
http://darwin.eeb.uconn.edu/molecular-evolution.html

e Tree of Life site
http://phylogeny.arizona.edu/tree/phylogeny.htmi

« A protocol to get you started
http://www.infobiogen.fr/docs/MAcours/phylogeny.html




Tree (Network) Nomenclature

SIS
8\/\ Branch
* Root Node
/ Terminal nodes

® Internal nodes




Definitions

Homology: Sharing a common ancestor, may have
similar or dissimilar functions

Analogy: Performing a common function but no
common ancestry

Convergence: Performing the same function, having
similar structural characteristics, but do not share a
common ancestor

Paralogy: Sequence similarity between the
descendants of a duplicated ancestral gene

Orthology: Sequence similarity as a consequence of
a speciation event
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Important principles

» Evolutionary history is accessed only through
contemporary species and molecules

» The basic models for substitution are generally robust
for sequences 80% identical (nucleotide level), e.qg.,
not highly diverged

» General assumptions of the models

Changes in different copies of genes are independent
Changes at each site are independent
All sites change at the same rate

All bases occur at equal frequencies (corrected in later
models to come a little closer to reality)
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« Different domains within a single protein
evolve at different rates

B-chain C-peptide A-chain
I N

H r = 0.97 x 109/site/year
o

r =0.13 x 109/site/year

Mature insulin




Evaluation using Multiple Alignments




References
on multiple alignment tools
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Evaluation of sequence relationships
using multiple alignments

Screening for membership in a family/superfamily

|dentification of conserved elements important to
function

Distinguishing global vs. local patterns of similarity
characteristic of the structural scaffold

Determination of the level and sites of variability
across the members of subgroups/families/
superfamilies




« Multiple alignments are more informative than pairwise
comparisons

BLASTP 1.4.9

Query= TITLE: URF
(269 letters)
Dat abase: Non-r edundant Sw ssProt sequences
49, 825 sequences; 17,390,645 total letters.

Smal | est
Sum
Pr obabi | .

sp| P24162| ENOYL- COA HYDRATASE HOMOLOG ( ORF257) . .. . le-31
sp| P34559| PROBABLE ENOYL- COA HYDRATASE, M TOCH. .. . 2e-29
spl P14604| ENOYL- COA HYDRATASE, M TOCHONDRI AL P. .. . le-28
sp| P30084| ENOYL- COA HYDRATASE, M TOCHONDRI AL P. .. .3e-24
sp| P23966| NAPHTHOATE SYNTHASE ( DI HYDROXYNAPHTH. . . .3e-21




BLASTP 1.4.9

Quervy= TITLE: Urf
(269 letters)
Dat abase: Non-redundant Sw ssProt sequences
49, 825 sequences; 17,390,645 total letters.

Smal | est
Sum
Pr obabi | .

spl P24162| ENOYL- COA HYDRATASE HOMOLOG ( ORF257). .. 6. le-31
sp| P34559| PROBABLE ENOYL- COA HYDRATASE, M TOCH. .. 5. 2e-29
spl P14604| ENOYL- COA HYDRATASE, M TOCHONDRI AL P. .. 3. 1le-28
sp| P30084| ENOYL- COA HYDRATASE, M TOCHONDRI AL P. .. 1. 3e-24
sp| P23966| NAPHTHOATE SYNTHASE ( DI HYDROXYNAPHTH. . . 2.3e-21




>sp| P24162| ECHH RHOCA ENOYL- COA HYDRATASE HOMOLOG ((ORF257). >pir| | S19026

enoyl - CoA hydratase honol og - Rhodobacter capsul atus >gi | 45984
(X60194) enoyl - CoA hydratase homol ogue [Rhodobacter capsul at us]
Length = 257

Score = 207 (96.1 bits), Expect = 6.1e-31, SumP(3) = 6.1le-31
| dentities = 51/137 (37%, Positives = 71/137 (51%

Query:

Shj ct ;
Query:
Shjct:
Query:
Shjct:

89 WHQM HKI | RVKRPVLAAI NGVAAGGGELG SLASDVAI CADSAKFVCAWHTI G GNDTAT 148
+ o+ PVLAANG AAG G ++LA+D+ | ASAF+ A+ |G+ D
83 YEPLLQAI YSCPLPVLAAVNGAAAGAGANLALAADWVI AAQSAAFMQAFTRI GLMPDAGG 142

149 SYSLARI VGVRRAMELM.TNRTL YPEEAKDWGLVSRVYPKDEFREVAVWKVARELAAAPTH 208
++LRVGMRAM+ L + EEA G+ P +F A LA P+
143 TWALPRQVGVARAMGVAL FAEKI GAEEAARMGAL| WEAVPDVDFEHHWRARAAHLARGPSA 202

209 LNVNAKERFHAGAWNPY 225
K+ FHAG NP+
203 AFAAVKKAFHAGLSNPL 219



4-Chlorobenzoate Dehalogenase
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« A multiple alignment distinguishes the
dehalogenase from the enoyl Co-A hydratase

family

Dehal ogenases

0
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Multiple alignments provide more
Information than pairwise alignments

Useful to confirm distant relationships

Provides a context for interpreting patterns of
similarity and difference

"Speciation" over alignment space helps to connect
and confirm widely degenerate motifs




Query= /phosphonatase/phosBc.gcg (302 letters)

Database: swissprot
77,273 sequences; 27,815,109 total letters.
Smallest
Sum
Probability
Sequences producing High-scoring Segment Pairs: P(N) N

Sp|P77247 | YNIC_ECOLI HYPOTHETICAL 24.3 KD PROTEIN IN PFKB. .. .2e-05
sp|067359|GPH_AQUAE  PHOSPHOGLYCOLATE PHOSPHATASE (PGP) .00030
sp| 006995 | PGMB_BACSU PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BE. .. .0039
sp|P31467|YIEH_ECOLI HYPOTHETICAL 24.7 KD PROTEIN IN TNAB... .0082
sp|P44755|GPH_HAEIN PHOSPHOGLYCOLATE PHOSPHATASE (PGP) .011
sp|P54607 | YHCW_BACSU HYPOTHETICAL 24.7 KD PROTEIN IN CSPB... .030
sp|P32662|GPH_ECOLI  PHOSPHOGLYCOLATE PHOSPHATASE (PGP) .067




~ 21% identical

FD GT|ILIVHSAPDI HAA
Phosphon FD GTITMDYGCFAPLE
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Phosphon LVTPDDVP PWMSY KNAME[LIGVY P

PGPhos EEVVLY|VGDS AATAEAAQLRFALFTE
Phosphon MNHMI KVGDTVS MKEGRNAGMWT VGVI L

PGPhos YRHAPV- - HEELPHHGLFSHHDEL QDL L RRL
Phosphon SSELGLTEEEVENMDSVELREKI EVVRNRF




Cu++ATPase.Ec
Cut++ATPase.Hs
Cat++ATPase.At
Urf.Mj
PhosSerPhos_Hs
2-D0-6-PPhos.Sc
DL-Gly-3-Phos.Sc
Phosphon.Pa
Phosphon. St

10

*
LDTVVIFDKTGT|LTEG
VKVVVIFD KTGTITHG
ATTICSD KTGTILTTN
KVAIVIFED SAGT|LVK I
ADAVCIFD VDST\VIRE
VDLCLIFD LDGT[IVST
INAALIFD VDGT|IIIS
LQAAIILD WAGT|VVDF
IHAVIILD WAGT|TVDF

151
*
VIAGVLPDG KAEATKHL
VFAEVLPSH|KVAKVKQL
VMARSSPMDIKHTLVRLL
E---AHQEL|KRDLIRNL
TAE-SGGKGKVIKLLKE
ITGFDVKNGKPDPEGYS
I TANDVKQGKPHPEPYL

ATDEV-PNGRPWPAQAL
ATDDLAAGGRPGPWMAL

176
*

AMVGIDIGINDAPAL
AMVGIDIGINDSPAL
AVTG|D/GTNDAPAL
IMVG|D[GANDVPAM
IMIG/D|[GATDMEAC
VVFE|IDIAPVGIKAG
VVFE|D/APAGIAAG
VKVD/DITWPGILEG
VKVD|DIAAPGISEG

Phosphon.Bc
PhosGlycolPhos.Rs

FEAVIFD WAGTTVDY
MPGVVFD LDGTLVHS

TPDDV-PAGRPYPWMSY
IGGESLPQR KPDPAPLA

I KVG DTVSDMKEG
LYVGDSEVDAATA

NtermDom. IGPD.Pp
B-PhosGlucoMut..LI
HaloAcidDehal .PspYL
NtermDomEpoxHyd.Hs
EnolasePhos.Ko

VQALLLLD MDGVMAEYV
FKAVLIFD LDGVIITDT
IKGIAFD LYGTILFDV
LRAAVIFD LDGV|LALP
IRAIVITD IEGT/TSD I

LEDCPP---KPSPEPIL
AEVAAS---|KPAPDIFI
LSVDPVQVYKPDNRVYE
IESCQVGMVIKPEPQIYK
FD--TLVGAKREAQSYR

AMVG|D|TVDDITAG
IGLE/D/SQAGIQATI
LFVS|SINAWDATGA
VFLD/D/IGANLKPA
LFLS|D/IHQELDAA




Cu++ATPase.Ec
Cu++ATPase.Hs
Cat+tATPase.At
Urf.Mj
PhosSerPhos.Hs
2-D0-6-PPhos.Sc
DL-Gly-3-Phos.Sc
Phosphon.Pa
Phosphon. St

10
%

LDTVVIFD KTGTILTEG
VKVVVIFD KTGT|ITHG
ATTICISD KTGTILTTN
KVAITVIFD SAGTILVKI
ADAVCIFD VDST\VIRE
VDLCLIFD LDGT|IVST
INAALFD VDGT[IIIS
LQAAILD WAGT|VVDF
IHAVIILD WAGT|TVDF

151
*
VIAGVLPDG|KAEAIKHL
VFAEVLPSHIKVAKVKQL
VMARSSPMDKHTLVRLL
E---AHQELKRDLIRNL
TAE-SGGKG|KVIIKLLKE
ITGFDVKNGKPDPEGYS
I TANDVKQG|KPHPEPYL

ATDEV-PNG|RPWPAQAL
ATDDLAAGGRPGPWMAL

176
*
AMVG D|GINDAPAL
AMVGIDIGINDSPAL
AVTG|D/GTNDAPAL
IMVG/DIGANDVPAM
IMIGDIGATDMEAC
VVFE|DIAPVGIKAG
VVFE D/APAGIAAG

VKVD|D|TWPGILEG
VKVD DIAAPGISEG

Phosphon.Bc
PhosGlycolPhos.Rs

IEAVIFD WAGTTVDY
MPGVVFDLDGTLVHS

TPDDV-PAGRPYPWMSY
IGGESLPQRKPDPAPLA

IKVG DTVSDMKEG
LYVGDSEVDAATA

NtermDom. IGPD.Pp
B-PhosGlucoMut. Ll

VQALLILD MDGV|MAEV
FKAVLIFDLDGVIITDT

LEDCPP---|KPSPEPIL
AEVAAS---KPAPDIFI

AMVG DITVDDITAG
IGLEDISQAGIQAL

HaloAcidDehal .PspYL

IKGIAFDLYGTLFDV

LSVDPVQVY KPDNRVYE

LFVS SNAWDATGA|

NtermDomEpoxHyd . Hs
EnolasePhos.Ko

LRAAVIFD LDGV|LALP
IRAIVTD IEGT[TSDI

IESCQVGMV|KPEPQIYK
FD--TLVGA|KREAQSYR

VFLD D{IGANLKPA
LFLS|D[IHQELDAA




Active site of haloacid dehalogenase




Cu++ATPase.Ec
Cut+ATPase.Hs
CattATPase.At
Urf.Mj

10
X

LDTVVFD KTGTILTEG
VKVVVIFD KTGT|ITHG
ATTICISD KTGTILTTN
KVAIVIFD SAGTILVKI

151
X

VIAGVLPDGK AEATKHL
VFAEVLPSH|KAKVKQL
VMARSSPMDIKHTLVRLL
E---AHQEL/KRDLIRNL

176
*
ANVG|DIGINDAPAL
ANVG|DIGINDSPAL

AVTG|DIGTNDAPAL
IMVG|DIGANDVPAMN

[ PhosSerPhos.Hs

ADAVCFD VDSTVIRE

TAE-SGGKG KVIKLLKE

IMIGDGATDMEAC]

2-D0-6-PPhos. Sc
DL-Gly-3-Phos.Sc
Phosphon.Pa
Phosphon. St
Phosphon.Bc
PhosGlycolPhos.Rs
NtermDom. IGPD.Pp
B-PhosGlucolut. LI
HaloAcidDehal .PspYL
NtermDomEpoxHyd. Hs

VDLCLIFD LDGT|IVST
INAALFD VDGTIIIS
LQAAILD WAGTVVDF
IHAVIILD WAGT|TVDF
IEAVIFD WAGTTVDY
MPGVVIFD LDGTILVHS
VQALLLD MDGVIMAEV
FKAVLFD LDGVIITDT
IKGITAFD LYGTILFDV
LRAAVIFD LDGVILALP

ITGFDVKNG|KPDPEGYS
I TANDVKQG|KPHPEPYL
ATDEV-PNGRPWPAQAL
ATDDLAAGGRPGPWMAL
TPDDV-PAGRPYPWMSY
IGGESLPQR(KPDPAPLA
LEDCPP---KPSPEPIL
AEVAAS---[KPAPDIFI
LSVDPVQVYKPDNRVYE
I ESCQVGMVIKPEPQIYK

VVEE|D[APVGIKAG
VVFE|DAPAGIAAG
VKVD/DITWPGILEG
VKVD|D|AAPGISEG
1 KVG|D/TVSDMKEG
LYVG|D|SEVDAATA
ANMVG|D[TVDDITAG
1GLE/DISQAGIQATI
LFVS|S|NAWDATGA
VFLD|D/IGANLKPA

|Eno|asePhos.Ko

IRAIVID IEGTTSDI

FD--TLVGAKREAQSYR

LFLS D IHQELDAA|




Cu++ATPase.Ec
Cu++ATPase.Hs
Cat+ATPase.At
Urf.Mmj
PhosSerPhos.Hs
2-D0-6-PPhos.Sc
DL-Gly-3-Phos.Sc
Phosphon.Pa
Phosphon.St
Phosphon.Bc
PhosGlycolPhos.Rs
NtermDom. IGPD.Pp
B-PhosGlucoMut.L1
HaloAcidDehal .PspYL
NtermDomEpoxHyd.Hs
EnolasePhos.Ko

10
*
LDTVV[FDKTGTLTEG
VKVVVIFDKTGTITHG
ATTICSDKTGTLTTN
KVAIVFEDSAGTLVKI
ADAVCFDVDSTVIRE
VDLCLFDLDGTIVST
INAALIFDVDGTIIIS
LQAAILDWAGTVVDF
IHAVILDWAGTTVDF
IEAVIFDWAGTTVDY
MPGVV[FDLDGTLVHS
VQALLLDMDGVMAEV
FKAVLFDLDGVIITDT
IKGIAFDLYGTLFDV
LRAAVIFDLDGV|[LALP
IRAILVTDIEGTTSDI

151
*
VIAGVLPDG KAEAIKHL
VFAEVLPSH|KVAKVKQL
VMARSSPMD|[KHTLVRLL
E---AHQEL|KRDLIRNL
TAE-SGGKG KV IKLLKE
ITGFDVKNG|KPDPEGYS
ITANDVKQG|KPHPEPYL
ATDEV-PNGRPWPAQAL
ATDDLAAGG|RPGPWMAL
TPDDV-PAG|RPYPWMSY
IGGESLPQR|KPDPAPLA
LEDCPP---KP/SPEPIL
AEVAAS---|KPAPDIFI
LSVDPVQVY |KPDNRVYE
IESCQVGMV|IKPEPQIYK
FD--TLVGAKREAQSYR

GINDAPAL
GINDSPAL
GTNDAPAL
GANDVPAM
GATDMEAC
APVGIKAG
APAGIAAG
TWPGILEG
AAPGISEG
TVSDMKEG
SEVDAATA
TVDDIIAG
SQAGIQAI
NAWDATGA
1GANLKPA
IHQELDAA
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Issues in using multiple alignment
iInformation

* What question are you asking when you create

a multiple alignment?
- Example: GPCRs

Close relationships: Muscarinic receptors
Intermediate relationships: Prostaglandin receptors
Distant relationships: Fungal pheromone receptors
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Prostaglandin Receptors: Family 1 (23-40% identical)

TMD1

Pros. E2 MSPCGLNLSLADEAATCATPRLPNTSVVLPTGDNGT[SPALPI FsMTL[dAV[SNVL ALAL[L]A
Pros. F2 MSMNSSKQPVSPAAGLI ANTTC- - - QTENRLISIVFFSI | FMTVGI L|sNs|L

Throm A2 MWPNGTSLGACFRPVNI TLQERRAI AsPlwFAASFCALIGL dsNL|L ALlsML|A
Pros. |2 MMASDGHPGPPSVTPGSPLSAGGREWQGMAGSCWNI TYVQDsVARATSTLMFVAGvvaNdLALlGi[le

Pros.E2  QVAGRMRARRRYAAT
Pros. F2 KAYQRF-|RoKslkAslFL|L[L]as
Throm A2 GARPGAGEESS---FLNLLC | A

Pros. 12 ARRRSHPSAFAVILIVT DTFAFAMTIE

Pros. E2

VIdR[Y|E L T

Pros. F2 I FHSTKI TSK HRDY|QI T

Throm A2 FSRPT-ATSRaHMMT L|grRYIS Pds
A

A s

Pros. 12 PIlYLYAQLDGPRQAIRF PSI YAFCCLFCSILPL1 GL

TMD5
L

Pros. E2 | SLGPRGGWRQAL L AGLIFAdL LAALLAALMENTLSGL?]L ARWRRRRSRRF[RKTAGPDDRRR
|

EHQQY

B
Pros. F2 WCHYNTEHI EDWEDRFYL|LFFSALGLLALGVSFYCNAVTGVTILLIRVKFRSQQHRQG
Throm A2 [WCFHLTLG- - TQRGDVVFAL|I[EALlLdsAsveLSLLLNTVSVAT|L{JRVYHTREATQRP
Pros. |2 WCFI RM- RSAQPGGCAF slLAYAS|LIMAL LV TSI FFlcNGSVTL slLlYHMYRQQRRHH

Pros. E2
Pros. F2
Throm A2
Pros. 12

Pros. E2 VVLAI WNSNSLQRPLEL JL|- H
Pros. F2 NNSPVTCETT|L|FlAlL - YKWASRCCGVNI I S
ThromA2 T L QTPPVMSFSIGQLLRATEHQL|L|I - H- - PRFSSQLQAVS

TQAI APDSREMGDWIL KFV\['CCLCARSVHGD




Fungal Pheromone Receptors from Several Species
(17-25% identical)

TMD1 TMD2

- ---MLDHI TPFFALMAFFLVLMPFA |K§_ vl MusiwiML NUDNFVNS MvWwk - - - -[TT
MFSGKENVSFGVLAL|LAcclL sTsscLi|HL oAkNI]evL L MMFAWCFTGLVYNKGIL NALAENN- - - - SL
- - -MSYKSAI I GLdLULl VILLAPPLA SHTLNIPAIIDIﬂMLLTMND uﬂDAAImFDDDFLﬂ-
.- MLPI GI FYQFYAYF LV SI PI LYMQLRARNLPcLLLL AwYTLTTlLh YMVIESAI|WSNPYAET
TMD3 TMD4

ADLAPAY] ELSVRLRHLLF ﬁﬂNLAIARKLESIAST QVRAGPGDHRRAVII LLI dL{GIIP|I
LAWTLdC LSAIIERTWQ ALCVLQQLEdIASL QAHSTVWDRKRRLLI FGVCHGLPA
[Rwb Gk cwc IVIKLQVGAN SCAVTNIIYMLHTILK ADSVLPDLSSWTKI V LVvI SiF TRV
WMGYGL|ICDI TSRI VTCSS| PA.AFTLVLYLDTVIR EDHPLKRYENW———IWHVCLSILLPL

13
----

I YTsLM vNAsNRY|GI L EEAG
LQl PMFFI MdPYIRLNVI ENIG

MVMGFSYLLIJVFRY|GI ARYNG QNLLSPTIWI TTVLYTMWML I
Il MAMMVPLESNRYVVI CMNGQYSSFYQT TLLFFYI PPCLLISFGGLFFVSRI VVLYWR
TMD6

I ——
QA LIASSASTLNRSHYVRL L TAIDMDLFEEIYVGTIAAQI—KSSISI@YGSMBSVHTGFN
TAALSSQHSGLSQKKYFRL Al CER GQFYVI I QSL- QI GGLLIBYTSWAEVHTNFEN
RDI HCTNSCLNLTRF RL Ll CFIII FPIFSVYTFVQDLQQVEGHYILFKNTHSSTI WNT

QQFFQ- RDISQLITSKRFLIRL AAVFF LTI FMVVAN- GKLQQFLIBIFNHELVEAWHQES

ASLVLMENTFQRNLI LA GLEVRQGYKEAFHRA LLFCRLRKEPKA
VDTl AHSSLL--SLSIL FSLTP TEEAQS YKARWKAL—INLC————SSKG

LYVLMS GSDALH SKFLRSI KLGFVLDMWKRFI
TTKVGLND PPTVL

SALQHVVADI VTFRSHDTFDANTSTKISSEKSDI DMRGSEAA
KKQTDGRESLDL|EAFESHG SIKFSVLVQRDTVI C
DKNKEKRVGI LILINKL SSIRKESRNPFSTDOSENY!I STCTENYSPCVGTPI SQAHFYVDYRI PDDPRK

NTALGRHAQF DCC | ESTMAGKTLDSTDFKEKC LVLERQWSKSSI PSDNSS




 What is the range of sequence divergence
among the sequences you plan to align?
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Enols 1-8: all >60% identical to each other

Cpeps: <35% identical to Enols 1-8

NKE
PKE
NKE

czzozoroo

EENN
EESN
NPES
EENN
NPNS|
NPNS|
NEKS|

Cooooood




gram.pos
gram.neg
eukaryote
archea.
cpeps

gram.pos
gram.neg
eukaryote
archea.
cpeps

gram.pos
gram.neg
eukaryote
archea.
cpeps

LKAK--GMNTAYV
LSAK--GMNTNYV
TKKRYGASAGNYV
LADR--DLPAGK
VERRFGPVP - -LSASS|GLMV

E.VKAAGYELGKDITLAMrC
DSISKAGYKPGEDVFIAHD

DIA | KA A[GIH -

EAVETVADDFGFAISFGHD
AlAIVAET[GH - - TEVC TLGV|DV

YVLA---GE
YDLK- - -GE
LDFKNPNSD
YVY----DD

TOHZW0NZ
[h n]=|n n]

FYKD-GK - -
FYNK-DQN I
FFKD-GKYD
LYDD -EADG
AEHLLTEPGRYR

[Mmmm m]

A
-DGKVK I GL|plc
V

>>>> >

N[KIAF[TISEEFTHFLEE[LTKQ[Y|]P IV
RK|[- LIT[sAQoLvDYYVE|LlcGKlYPIY
Ss|kwL|T|IcGPQLADL YHS|LIMKR|Y|P I V
VK- -STEEQIEYIAGKVEElYDLYV

GIDRVL[TJAPDFADHL AD[LJAHRERMS

Enols: 37-62% identical to each other
Cpeps: 35-50% identical to Enols




How do you handle internal repeats?

4

\

*

glyoxalase

/// -
/ e
| ¢ /

/

hyp. protein (S55115)




q09751.
s55115.
q09751.
s55115.

gl yox.

q09751.
s55115.
q09751.
s55115.

gl yox.

q09751.
s55115.
q09751.
s55115.

gl yox.

VERSKREGI[LELT
PDVFSAHGVILELT
EIGLILELT

--VFS%%SW%ELT
EAVIIELT

YINFIGTE
HNWGTEKNPDYKI
HNWGTEKESGPV[Y
HNWGTEINDPNFHY
YN W

KEGPWY]

F[GHI
FGHI
Y|G
YGHI

GHI A

FHV NI ESA
SDI NKT
1|ISVDNI NAA
| |ISSODDAGAL
LISVDNAAEA

- SKGVSFKKKLS
- SQGVKFKKRL S

- - AEGLPFKKKLTD
KYGDKI QWSPKFNQ

NGGNVTREAGPVK

El

A
Al- - -
A
T

I
I
I
I
T

VI AFVED



General Issues in Multiple Alignment

o Computational complexity: a true multiple alignment
of N sequences would require an N-dimensional
matrix

No single "correct" multiple alignment can be
achieved except in trivial cases

Methods assume sequences are independent

rather than related by a phylogenetic tree in which
the "branches" may evolve at different rates and with
different positions being important to function




Some Primary Algorithms for Multiple
Alignment

* Global alignment methods construct an alignment
throughout the length of the entire sequence

- Examples: Pileup, Clustal family, MSA

» Local alignment methods identify ordered series of
motifs, then aligns the intervening regions

- Examples: MACAW, PIMA

o 1D profile analysis




PILEUP (in GCG package?*)

Calculates a diagonal matrix of N(n-1)/2
distances between all sequence pairs of N
seguences using Needleman-Wunsch algorithm

Constructs a guide tree (dendogram) from the
distance matrix to direct the order of addition of
subsequent pairwise alignments

Progressively aligns each cluster to the next most

related sequence or cluster of sequences,
adjusting the position of indels in all sequences

*Genetics Computer Group, Madison, WI (available through UCSF SACS)




Issues in the use of PILEUP

Fast, generates reasonable alignments

Current implementation in GCG handles up to 500
sequences

All alignments determined from pairwise alignments,
losing the information contained in the multiple
alignment for position-specific scoring

Overrepresentation of a subset of sequences to be
aligned may bias the inference of an ordered series of
motifs




ClustalWw*

From a family of programs using profile-based
progressive alignment

AcCCess: http://iwww?2.ebi.ac.uk/clustalw/

Permits user adjustment of many parameters for both
the pairwise and multiple alignment stages

Computes position-specific gap opening and
extension penalties as the alignment proceeds, e.g.,
varies parameters at different positions

*'W" stands for "weighting" the sequences to correct for unequal
sampling of sequences from different evolutionary distances




Steps in a ClustalW alignment

Constructs a distance matrix of all N(N-2)/2
pairs using dynamic programming and
converts scores to distances

Generates a "guide tree" using the neighbor-
joining clustering algorithm of Saitou & Nei

Progressively aligns sequences in order of
decreasing similarity using variable
parameters and position-specific gap
penalties




The Bottom Line... *

« For multiple alignments of divergent proteins, e.q.,
<30% identity, none of these methods is very
satisfactory, suffering from 3 types of problems:

— Inability to produce a single multiple alignment from
correctly aligned subsets of the input sequences

- Sensitivity to the number of sequences used

— Sensitivity to the specific sequences used for multiple
alignment

*from the McClure paper listed in the lecture references




1-D Profile analysis

Access: GCG package at SACS and at

http://www.sdsc.edu/projects/profile/new/help_main.html (Gribskov,
M., McLachlan, E.D., Eisenberg, D. (1987) PNAS USA, 84:4355-4358)

Information in a multiple alignment is represented
guantitatively as a table of position-specific symbol
comparison values and gap penalties

All information in the alignment is used

Implementations available for both for database
searching/sequence alignment




Hidden Markov Models

» Probability-based models for database searching,
multiple alignments, family generation (Pfam)

Software and tools sites:

http://hmmer.wustl.edu/
http://www.cse.ucsc.edu/research/compbio/HMM-apps/HMM-
applications.html

- also at UCSF SACS




Precomputed Multiple Alignments
of Protein Families

Pfam: http://pfam.wustl.edu/

— Multiple sequence alignments and HMMs for many protein
domains (3071 models as of 8/01)

Prodom: http://protein.toulouse.inra.fr/prodom.html

— Families generated automatically using PSI-BLAST with a
profile built from the seed alignments of Pfam

Systers: http://www.dkfz-heidelberg.de/tbi/services/documentation/
systershelp.html

— Families clustered from SW-Prot/PIR using sequence walks
and aligned via ClustalWw

MetaFam: http://metafam.ahc.umn.edu/

— Functional assignments and a tool for comparison of how
other family databases have made the classification




Finding and Analyzing Motifs




Applications for Motif Analysis

|dentification of very distant homologs
May point to important functional units in a protein
Can be used to "anchor" a multiple alignment

Databases of motifs can be used to develop other
Informatics applications

Example: BLOCKS ® Blosum

See: Bork, P. & Gibson, T. J. "Applying Motif and Profile Searches," in Methods in Enzymology
266: Computer methods for macromolecular sequence analysis, pp. 162-184

-



Prosite: Protein Family Signatures

http://tw.expasy.org/prosite/

Contains signatures for ~1500 families/domains

Can be accessed using description, accession
number, author, citation, full text search

Provides several useful tools allowing a user to

Scan a sequence against a PROSITE pattern

Scan a pattern generated by a user or from PROSITE
against the Swiss-Prot database

Scan a sequence against Profile databases, e.g., generalized
profiles derived from multiple alignments

Many other specialized tools for motif/pattern generation and
analysis

Includes substantial meta data: experts on each system,
references, some statistical analysis




Meme & Mast

http://meme.sdsc.edu/meme/website/

 Meme: motif discovery tool
(Grundy, W. M. et al. 1997. CABIOS 13, 397)

— motifs represented as position-dependent letter-
probability matrices which describe the probability

of each possible letter at each position in the
pattern

— output can be converted to BLOCKS which can
then be converted to PSSMs (position-specific
scoring matrices)




Mast: database searching tool using one or
more motifs as gueries

— provides a match score for each sequence in the
database compared with each of the motifs in the
group of motifs provided represented as P-values

— provides probable order and spacing of
occurrences of the motifs in the sequence hits




New Directions in Bioinformatics




Using Protein Informatics for Really
New Insight into Biology

e Comparative genomics

— Metabolic computing: EcoCyc & MetaCyc

http://ecocyc.org/ecocyc/index.html

— Clusters of Orthologous Groups (COGS)
http://www.ncbi.nim.nih.gov/COG/

« (Genetic circuits/Systems analysis
http://gobi.lbl.gov/~aparkin/index.html

 Protein-Protein Interactions

— Co-evolution




Overview of E. coli metabolic systems

used with permission: Peter D. Karp (EcoCyc)
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MetaCyc: Yeast Expression Data

used with permission: Peter D. Karp (EcoCyc)
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A few important topics we didn’t even
mention

Mapping Sequence ® Structure ® Function
Structural superposition and 3D motif finding
The 3D genome project

Mapping the protein universe

Census studies (Gerstein)

Informatics for Proteomics
— post-translational modifications
— investigating protein machines




See also:

 Nucleic Acids Res. 2002 30

— Description and useful information on 112
databases of interest to the
genomics/proteomics/bioinformatics communities




