Lecture 2

Beyond database searching: How do we turn
our results into knowledge?

Patricia C. Babbitt
Associate Professor
Department of Biopharmaceutical Sciences
& Biological and Medical Information Sciences Graduate Group

August 22, 2002

« Some Basic Principles of Molecular
Evolution

« Evaluation using Multiple Alignments
¢ Finding and Analyzing Motifs

* New Directions in Bioinformatics

Molecular Evolution

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

References

Saier, M.H. Jr. "Phylogenetic approaches to the identification and
characterization of protein families and superfamilies”

Labedan, B. & Riley, M. "Gene products of E.coli: Sequence
comparisons and common ancestries”

Green, P. et al. "Ancient conserved regions in new gene sequences
and the protein databases"

Murzin, A.G. "How far divergent evolution goes in proteins”
Textbooks:

Fundamentals of Molecular Evolution, Li & Graur, Sinauer Associates,
2nd Ed. (1999)

Molecular Systematics, D.M. Hillis & C. Moritz, Eds., Sinauer
Associates (1990)

Web Resources

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

» Tree of Life site
http://phylogeny.arizona.edu/tree/phylogeny.htm|

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

Tree (Network) Nomenclature
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Root Node
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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.g.,
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
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Evaluation using Multiple Alignments




References
on multiple alignment tools
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» Multiple alignments are more informative than pairwise
comparisons

BLASTP 1.4.9

erv=_ TITLE: URF
(269 letters)
Dat abase: Non-redundant Swi ssProt_sequences |
49, 825 sequences; 17,390, 645 total letters. |

Smal | est
um
Probabi | .
sp| P24162| ENOYL- COA HYDRATASE HOMOLOG ( ORF257). .. 6.1e-31
sp| P34559| PROBABLE ENOYL- COA HYDRATASE, M TQCH. 5. 2e-29
pl P14604] ENOYL- COA HYDRATASE. M TOCHONDRI AL P. 3.1e-28
sp| P30084| ENOYL- COA HYDRATASE, M TOCHONDRI AL _P. 1.3e-24
sp| P23966] NAPHTHOATE SYNTHASE ( DI HYDROXYNAPHTH. . 2.3e-21
-]
.
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>sp| P24162| ECHH_RHOCA ENOYL- COA HYDRATASE HOVCLOG ((ORF257). >pir| | SL9026
enoyl - CoA hydratase homol og - Rhodobact er capsul atus >gi | 45984
(X60194) enoy! - CoA hydratase homol ogue [Rhodobact er capsul at us]
Length = 257

Score = 207 (96.1 bits), Expect = 6.1e-31, SumP(3) = 6.1e-31
Identities = 51/137 (37%, Positives = 7 137 (51%

Query: 89 VHQM HKI | RVKRPVLAAI NGVAAGGGLG SLASDIVAI CADSAKFVCAWHTI G GNDTAT 148
+ o+ PVLAANG AAG G ++LA+D+ | A SA F+ A+ IG+ D
Shj et 83 YEPLLQAI YSCPLPVLAAVNGAAAGAGANLALAADVVI AAQSAAFMAFTRI GLVPDAGG 142

Query: 149 SYSLAR VGVRRAVELM.TNRTLYPEEAKDWGL VSRVYPKDEFREVAVKVARELAAAPTH 208
++ LRVGMRAM+ L + EFA G+ P +F A LA P+
Shjct: 143 TWALPRQVGVARAMGVAL FAEKI GAEEAARMEL| VIEAVPDVDFEHHVRARAAHLARGPSA 202

Query: 209 LNVMAKERFHAGAWNPV 225
K+ FHAG NP+
Shjct: 203 AFAAVKKAFHAGLSNPL 219

Evaluation of sequence relationships
using multiple alignments

Screening for membership in a family/superfamily

Identification 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
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Multiple alignments provide more

* A multiple alignment distinguishes the information than pairwise alignments
dehalogenase from the enoyl Co-A hydratase

family
« Useful to confirm distant relationships

« Provides a context for interpreting patterns of

[ ]
LGI SLAS tilari H
ases similarity and difference
Dehalogers LGMSLA ty
Enoyl CoA CELAMM
Hydratases ggt:m + "Speciation" over alignment space helps to connect
EBceLaLL and confirm widely degenerate motifs
-] -
~ 21% identical
PGPhos PDI HAAVINK
Phosphon FAPLEMFM
PGPhos ALAEE APHT|LAE!I TGFI|G- - NGVPVILI Q
Phosphon EI FHK VAI|TAE[EARKP LLKI DHVIRVT
Query= /phosphonatase/phosBc. gc: 302 lett
uery= /phosphonatase/phosec.aca (302 fetters) PGPhos RVLAARAPDAHAELQGRFMAHYEADP
Database: swissprot Phosphon EMPRI ASEWNRVFRQLPTEADI QEMYEEFE
77,273 sequences; 27,815,109 total letters.
Smal I
- PGPhos ATTSV ------- AEAATIR AE[GWR
High Probability Phosphon EI|[LIFAI LIPRYASPI VKE A ERGI K
Sequences producing High-scoring Segment Pairs: score  P(N) N
Sp|P77247 | YNIC_ECOLI HYPOTHETICAL 24.3 KD PROTEIN IN PFKB... 116 2.2e-05 1 PGPhos | L CTINKPV] ASRQI LSLF--- GLILIELF- -
sp|067359|GPH_AQUAE  PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 106 0.00030 1 Phosphon [l GST[T]- - - -|GYT|IREMMDI VAKEAAL|QGYKP
)_BACSU PUTATIVE BETA-PHOSPHOGLUCOMUTASE (BE... 97 0.0039 1
sp|P31467 | YIEH_ECOLI HYPOTHETICAL 24.7 KD PROTEIN IN TNAB... 94 0.0082 1
sp|P44755|GPH_HAEIN PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 93 0.011 1 PGPhos All GGESL@QRK APL RATIAA N- e
sp|P54607 | YHCW_BACSU HYPOTHETICAL 24.7 KD PROTEIN IN CSPB. .. 89 0.030 1 Phosphon FLVTPDDVPRAGRPYPWMSYKNAM GVYP
P GPH_ECOLI  PHOSPHOGLYCOLATE PHOSPHATASE (PGP) 87 0.067 1
PGPhos EEVVLYVCDSE AATAEL REALFT
Phosphon MNHMI KVCEDTVSDMKEGR GMWTVGVI L
PGPhos YRHAPV- - HELPHHGLFSHHDEL QDL L L
Phosphon SSELGLTEEEVENMDSVEL Kl EVVR F
] i
10 151 176 10 1 176
* *
Cur+ATPase.Ec LDTVVFDKTGT|LTEG ~ VIAGVLPDGKAEAIKHL  AMVG[D[cINDAPAL CusthTPase. Eo LOTVVFDKTGTILTEC ~ VIAGVLPDGIKAEAIKHL  ANVEIDIGINDAPAL
CurshTPaseis  VKVVVEDKTGTITHG  VFAEVLPSHKVAKVKQL  ANVG[D[cINDSPAL CurihTPase. s VKVVVEDKTGTIITHG  VEAEVLPSHIKYAKVKQL  AMVGIDICINDSPAL
Cat+hTPase.At ATTIC[SDKTGTLTTN  VMARSSPMDKHTLVRLL ~ AVTG|D[GTNDAPAL Cat+ATPase.At ATTICSDKTGTLTTN  VMARSSPHDIKHTLVRLL ~ AVTGIDIGTNDAPAL
oA KVAIVED SAGTILVKI  E---AHQELIKRDLIRNL  1UVG|DICANDVPAM Urf.l KVAIVFD SAGTLVKI  E---AHQEL|KRDLIRNL  INVG|D[GANDVPAN
PhosSerPhos.Hs  ADAVC[FD VDSTVIRE — TAE-SGGKGKVIKLLKE  IWIG/D|GATONEAC PhosSerPhos s ADAVCFD VDSTVIRE  TAE-SGGKGKVIKLLKE  1WIG/DIGATONEAC
2-00-6-PPhos.Sc  VDLCLFD LDGT[IVST ~ ITGFDVKNGKRDPEGYS  VVFEDAPVGIKAG 2-00-6-PPhos.Sc  VDLCLFDLDGT/IVST  ITGFDVKNGKPADPEGYS  VVEE/DAPVGIKAG
DL-Gly-3-Phos.Sc ~ INAALFDVDGT|IITS  ITANDVKQGKPHPEPYL  VVFE|[D/APAGIAAG DL-Gly-3-Phos.Sc  INAALIFDVDGT/IITS ~ ITANDVKQGKRHPEPYL ~ VVFEDAPAGIAAG
Phosphon.Pa LOAAIILD WAGTVVDF  ATDEV-PNGIRAWPAQAL  VKVDID|TUPGILES Phosphon.Pa LQAAILD WAGTVVDF  ATDEV-PNG[RAWPAQAL  VKVD|D[TWPGILEG
Phosphon. St IHAVILD WAGTITVDF  ATDDLAAGGRPAGPUMAL  VKVD|D|AAPGISEG Phosphon. St IHAVILD WAGTITVOF _ ATDDLAAGGRPAGPWWAL _ VKVDD/AAPGISEG
Phosphon. B TEAVIFD WAGTTVDY  TPDDV-PAGRPYPWNSY  TKVG D TVSDNKEG Phosphon.Bc TEAVIFDWAGTTVDY ~ TPDDV-PAGRPYPWNSY — IKVGDTVSDNKEG
PhosGlycolPhos.fs  WPGVVFED LDGTLVHS  1GGESLPQRKPDPAPLA  LYVG DSEVDAATA PhosGlycolPhos.Rs  MPGVVED LDGTLVHS  1GGESLPQRKPDPAPLA  LYVGDSEVDA
NternDon.1GPD.Pp  VQALLLLD MDGVMAEV ~ LEDCPP---|KPRSPEPIL  AMVG[DTVDDIIAG VQALLLD MDGVMAEV ~ LEDCPP---KBSPEPIL  ANVG[D[TVDDIIAG
B-phosGlucolut.Ll  FKAVLED LDGVITDT  AEVAAS---|[KRAPDIFI  IGLED[SQAGIQAI LDGVIITDT
HaloAcidDehal .PspfL 1KG IAFD LYGTILFDV ~ LSVDPVQVYKRDNRVYE  LFVS|SINAWDATGA ehal.. IKGIAFDLYGTLFDY  LSVDPVQVYKPDNRVYE LFVS SNAWDATGA
NternDonEpoxtyd.Hs  LRAAVFD LDGVLALP  TESCQVGMVKREPQIYK  VFLD[D/IGANLKPA NternDonEpoxtyd.Hs LRAAV[FD LDGVLALP  1ESCQVGHVIKPEPQIYK  VFLD|D/IGANLKPA
EnolasePhos.Ko IRAIVTD IEGT|TSDI FD--TLVGAKREAQSYR LFLS[D/IHQELDAA EnolasePhos.Ko IRAIVTD IEGTTSDI FD--TLVGAKREAQSYR LFLS|D/IHQELDAA
i .




Active site of haloacid dehalogenase
10 151 176
* * *
Cut+ATPase.Ec LDTVVFDKTGTLTEG VIAGVLPDGKAEAIKHL AMVG|D/GINDAPAL
Cut+ATPase.Hs VKVVVFDKTGT/ITHG VFAEVLPSHKVAKVKQL AMVGD|GINDSPAL
Cat+ATPase.At ATTICSDKTGTLTTN VMARSSPIDKHTLVRLL AVTG|D/GTNDAPAL
Urf.Mj KVAIVIFD SAGTILVKI E---AHQELKRDLIRNL IMVG|D/GANDVPAMN
PhosSerPhos.Hs ADAVCFDVDSTVIRE TAE-SGGKG KVIKLLKE 1M16 D GATDMEAC]
2-D0-6-PPhos.Sc VDLCLFD LDGT{IVST ITGFDVKNGKRDPEGYS VVFED/APVGIKAG
DL-Gly-3-Phos.Sc INAALIFD VDGT/ITNS ITANDVKQGKRHPEPYL VVFE/D/APAGIAAG
Phosphon.Pa LQAAILD WAGTVVDF ATDEV-PNGRAWPAQAL VKVDD|TWPGILEG
Phosphon. St IHAVILD WAGTTVDF ATDDLAAGGRAGPUNAL VKVD|D/AAPGISEG
Phosphon.Bc TEAVIFD WAGTTVDY TPDDV-PAGRAYPUNSY IKVG|D|TVSDMKEG
- PhosGlycolPhos.Rs ~ MPGVV|FD LDGTILVHS 1GGESLPQRIKADPAPLA LYVG|D|SEVDAATA
| NtermDon. 1GPD.Pp VQALL|LD MDGVMAEV LEDCPP---|KPSPEPIL AMVGD/TVDDITAG
B-PhosGlucolut.LI  FKAVLIFD LDGVITDT AEVAAS---|KRAPDIFI IGLE|D/SQAGIQAL
HaloAcidDehal .PspYL 1 KG IAFD LYGT|LFDV LSVDPVQVYKRADNRVYE LFVS|S|NAUDATGA
NternDonEpoxtyd.Hs LRAAVIFD LDGVILALP 1ESCQVGNVIKREPQIYK VFLD|D/IGANLKPA
[EnolasePhos.ko IRAIVTD IEGTTSDI FD--TLVGAKREAQSYR LFLSD IHQELDAA|

Issues in using multiple alignment
information

What question are you asking when you create

a multiple alignment?
- Example: GPCRs

Close relationships: Muscarinic receptors
Intermediate relationships: Prostaglandin receptors

H,f: o “ o Distant relationships: Fungal pheromone receptors
> > 707&75}*3& 4> ’»mrrTﬂ’ cwzzku > >
o T o
| ] ==

- ) a0 )
Muscarinic Receptor Sub-types (45-60% identical) Prostaglandin Receptors: Family 1 (23-40% identical)

IMD2 IMD3
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Trmie caricace bl defusirar s vrdatascdat ovmarorsc o dy el Ay
Prosi2  hnLS wsm wmm LR A A e o M A ot
Pros. &2 TECLCPLLLQCaNAY L1 HAARVSVAH MMAM CAvaLEL & v@r
mosr devcpididdin RSt Tsknvonllscvehelvey

Thomiz  [Fel RPT- AYSR WA TG VN A4 mmm“ s
Pros.12 ATl Fan AV ms mwwm RF ARSI YAFCCLFCSLEL L Euqov N

e —— D

" Pros E2 ... MSPCGLNLSLADEAATCATFRLPNTSV\/LPTGDNGTSPALPIFSMTL AVSNML ALLA LA
" Pros.F2 ... MSMNSSKQPVSPAAGLI ANTTC- - - QTENRLSIVEFSI 1 FMTVII LSNIS|L AL A1 LM
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Fungal Pheromone Receptors from Several Species
(17-25% identical)
TMD1 TMD2
1 - --- MLDHI rpppaj AlFAUVLMPFAWHI KSKNVGL I MUs1 WML GNLUDNFVINS Mvdwk - -
1 MFSGKENVSFGVLAL|UAGCI sTsscLl LQAKN\GVLLMMF‘ FTGLVNKGLNALAENN- -
1 ---MSYKSAI I GL LLAVELAPPLA SHTIKNI[PAT L1 TvLUMNETc\ oAA@sDDDn
T

L@
st
B
M TMD4
—
58 ADLAPAYEL SVRLRHL L ALALP ASNL AL ARKLEST|ASTRQVRAGPGOHRRAVI 1[OLLI clLlci [f1
52 [JLAWTLACOUSAI | ERTWOHAL cAlJaL cVL QALECl[ASLRQAHST VWDRKRRL L1|gF GvdL|GLIHA
62 WDGKGWCD|I VI KLQVGANI GI{SCAVTNI | YNLIHTUILK- ADSVLPDLSSWTKI V LV SlUF TRV
E L

64 [HwmeyeLleoi TsrRi VTessiGPASAFTLVLMUDTVI R-[BDHPLKRYENW- - - | WHVCLST LL|
TMDS5

13

123 1 YTSLM VNGSNRYGI LEEAGQWP MMVFSIML WL LVAAPVI VVSIL CSIAVYS AlLlaF RAFWVRRRQF

127 LQI PMFFI VIdPYRLNVI ENIGGSAPLYASVPALFI YHLWRLLVSIL VAV YAMLIVL RUFMLIRRRIQF

126 MVMGFSYLLIGQVFRYGI ARYNGQQNLLSPTWI TTVLYTMwML I Ws|FVvAAVYATILVL FVEYKKRKDV
TMD6

—— e e
im0 oaass L unon LT UL ES vyeTt Asg) - kast siFvasssviTar udle
120 TANLISS OIS ORK YFIRUEALIAL CERVL VSAGOF Y1 1 QSL- 01 GGL LAY TS WAEVHTNFNAL
191 RONLHCTNIAUNL T RF ARLU: cFuvﬁFsvvwvomeovEcw FRNTRSSTIUNT ]Ik
: B
TMD7

1 --mepi el EYQFYAYAALVUST pi LymoLRrARNLPCL UL FlviTL T vVMESAT WS NP Y AE

190 QQFFQ- rOSIUTSKRFL AAVEF LTI FMVVAN- GKL QQFLIHFNHEL VEAWHQESIIT

252 QWASLVLMENTFQRNLI LARLVCPLSAMI FlFA GLEVRQAYKEAFHRA- LLFCRLRKEPKA

255 FVIHVDTI AHSSLL--SLSI LAWFSLTPAMALIAVFFGLTEEAQSVIMKARWKAL - I NLC- - - - SSKG

256 FOHGRPI - YNI - - - .- - YvLmsYLViEL 1 GSDALHMYSKFLRSI KL GF VL DMWKRF |
s

253 YYETTKVGLND- - - - - - - - - - PPTVLML MSLFIEISTSGGWT EKVALI LWSLLVWLPFTK- - - - -
316 SALQHVVADI EVVTFHASHDTFDANTSTKYEKSDI DMRGSEAA- - - - - -

314 KKQTDGRESLOUEAFESHG- - - - - - - - KFSVLVQRDTVI C- -

310 DKNKEKRVGI LILINKL SIRKESRNPFSTDSENYI STCTENYSPCV s

303 NTALGRHAQFKLDCCKSI ESTMAGKTLOSTDFKEKC- - - - - - - LVLERQWSKSSI PSDNSS

enol 1
enol 2
enol 3
enol 4
enol 5
enol 6
enol 7
enol 8
cpeps

[l ol sl el

KAGYTGKV|
KAGYTGKV|
KAGYKIGKY

enol 1
enol 2
enol 3
enol 4

D-
EL
EL

Li

LIKT|
LIKT|
1 MD|

Enols 1-8: all >60% identical to each other
Cpeps: <35% identical to Enols 1-8

* What is the range of sequence divergence
among the sequences you plan to align?

enol 1 MKMGAEVYHHL TINVCDECGGFAPNI
enol 2 TINVGDEGGFAPNI
L g e}

enol 1
enol 2
enol 3
enol 4

grampos LKAK - -GMNTAV[GDEGG|YAP|N L G[S|ND E[AT]A
gramneg LS AK--GMNTNV|[GDEGG|F|AP|s LD|s|As s|A LD
eukaryote TKKRYGASAGNV[GDEGG|VIAP|N I QT AEE|AL|D

archea. LADR- -DLPAGK|GDEGAWMAPISV -|S
cpeps VERRFGPVP - -LSASS|[GLMVPLD|S

gram.pos  E[AJVKAA[GIYELGKD | AMDIC|AIAS|EIF Y KD - GK - -

How do you handle internal repeats?

ey

glyoxalase

/s
/"/...f' s
/ o’

hyp. protein (S55115)

TL
gramneg DS I SKAGlYKPGEDVF I AL|D[A|AlS S|E[F YNK -DQN I
eukaryote D[AlI KAA|GIH - -DGKVK I GL[D[c|Als S|E[FFKD -GKYD
archea. E[A\VETVADDFGFAISFGL[D|VARAEIL YDD - EADG
cpeps AVAET[GH - - TEVCTLGV[DVIAAEHLLTEPGRYR
gram.pos LITKQIY|P I V
gram.neg LlcaKlY|P 1Y
eukaryote s|LMKRlY[P 1 v
archea. GKVEEDLV
cpeps D[LJAHRF RMS
Enols: 37-62% identical to each other
Cpeps: 35-50% identical to Enols
i
q09751. N VERSKREGI LT|YINFIGT EKKEGPVIYI [N
s55115.N PDVFSAHGVILELTHNWGTEKNPDYKI NN
gq09751.C - - - - - -|EGL YHN
s55115.C - - VFSCESV, YHN

YIEL

glyox.  ------ EAV

q09751. N [GNTEPKRGF FTIVONI ESAGAYL[E-
s55115.N |GNEEPHRGH F[SMSDI NKT|QEEL|E-
909751.C |GNDGDEK|GY] I1|SVONI NAAQSKF|E-
s55115.C |GN- SEPQQGY] I|S[ODDAGAL|QKEI [EV
gl yox. T----- AY|GHIJAL[SVDNAAEAQEKI RQ
q09751. N - - SKGVSFKKKL SDOGKMKHT AF- - - - - -
s55115.N - - SQGVKFKKRL SE Ra DIl AF------
009751.C - - AEGLPFKKKL TDGRMKDI A- - - FLLD
s55115.C KYGDKI QWSPKFNCGRMKNI A- - - FLKD
gl yox. NGGNVTREAGPVKGG- - - - TTVI AFVED

=




General Issues in Multiple Alignment

« 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

1D profile analysis

PILEUP (in GCG package*)

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

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

3) 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

Clustalw*

.

From a family of programs using profile-based
progressive alignment

AcCCEeSS: http:/mwww2.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

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

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

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




1 *
The Bottom Line... 1-D Profile analysis

* For mL_lItlpIe_ alignments of divergent pr_otelns, eg., « Access: GCG package at SACS and at
<30% identity, none of these methods is very ) ) ) ) )
. . . http://www.sdsc.edu/projects/profile/new/help_main.html (Gribskov,
satisfactory, suffering from 3 types of problems: M., McLachlan, E.D., Eisenberg, D. (1987) PNAS USA, 844355-4358)

- Inability to produce a single multiple alignment from

correctly aligned subsets of the imput sequences Information in a multiple alignment is represented

quantitatively as a table of position-specific symbol
- Sensitivity to the number of sequences used comparison values and gap penalties

- Sensitivity to the specific sequences used for multiple
alignment

All information in the alignment is used

Implementations available for both for database
searching/sequence alignment

*from the McClure paper listed in the lecture references

Precomputed Multiple Alignments
Hidden Markov Models of Protein Families

Pfam: http://pfam.wustl.edu/
« Probability-based models for database searching, —Multiple sequence alignments and HMMs  for many protein
multiple alignments, family generation (Pfam) domains (3071 models as of 8/01)

. Prodom: http://protein.toulouse.inra.fr/prodom.html|
« Software and tools sites:

http://hmmer.wustl.edu/ —Families generated automatically using PSI-BLAST with a

http://www.cse.ucsc.edu/research/compbio/HMM-apps/HMM- profile built from the seed alignments of Pfam
applications.html . Systers: http://www.dkfz-heidelberg.de/tbi/services/documentation/
- also at UCSF SACS systershelp.html

—Families clustered from SW-Prot/PIR using sequence walks
and aligned via ClustalW
MetaFam: http://metafam.ahc.umn.edu/

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

Applications for Motif Analysis

Identification of very distant homologs

May point to important functional units in a protein

Can be used to "anchor" a multiple alignment

Finding and Analyzing Motifs

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 llar 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 queries

— 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 matifs in the sequence hits

New Directions in Bioinformatics

Using Protein Informatics for Really
New Insight into Biology

« Comparative genomics

— Metabolic computing: EcoCyc & MetaCyc

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

— Clusters of Orthologous Groups (COGS)
http://www.ncbi.nlm.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)




MetaCyc: Yeast Expression Data

used with permission: Peter D. Karp (EcoCyc)

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

10



