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Evaluation of Search Algorithms
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Evaluation of Search Algorithms with
Receiver-Operator Characteristic Curve
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swisgprot

Pyruvate Dehydrogenase E1 Family (EC 1.2.4.1)
http:/ /uniprot.org/

» UniProtKB

Search

Search in

Blast

Align Retrieve ID Mapping *

| Protein Knowledgebase (UniProtkB) | C]

ec:1.2.4.1 AND reviewed yes AND name:alpha

|

Downloads - Contact - Documentation/Help

(‘search ) (Clear ) Fields »

1 - 25 of 47 results for ec:1.2.4.1 = AND reviewed:yes & AND name:alpha® in UniProtKB sorted by score descending =

=n Browse by taxonomy, keyword, gene ontology, enzyme class or pathway | ,‘éﬁ Reduce sequence redundancy to 100%, 90% or 50% | =} Customize display

)

Accession Entry name

P16387

P08559

P52301

Q8H1Y0

P23803

P21873

P35486

P26284

ODPA_YEAST

ODPA_HUMAN

ODPA1_ARATH

ODPA2_ARATH

ODPAT_HUMAN

ODPA_BACST

ODPA_MOUSE

ODPA_RAT

Status Protein names

Pyruvate dehydrogenase E1 component subunit alpha,
mitochondrial (EC 1.2.4.1) (Pyruvate dehydrogenase
complex component E1 alpha) (PDHE1-A)

Pyruvate dehydrogenase E1 component subunit alpha,
somatic form, mitochondrial (EC 1.2.4.1) (PDHE1-A type
)

Pyruvate dehydrogenase E1 component subunit alpha-
1, mitochondrial (PDHE1-A) (EC 1.2.4.1)

Pyruvate dehydrogenase E1 component subunit alpha-
2, mitochondrial (PDHE1-A) (EC 1.2.4.1)

Pyruvate dehydrogenase E1 component subunit alpha,
testis-specific form, mitochondrial (EC 1.2.4.1) (PDHE1-
Atype ll)

Pyruvate dehydrogenase E1 component subunit alpha
(EC1.24.1)

Pyruvate dehydrogenase E1 component subunit alpha,
somatic form, mitochondrial (EC 1.2.4.1) (FDHE1-A type
1)
Pyruvate dehydrogenase E1 component subunit alpha,
somatic form, mitochondrial (EC 1.2.4.1) (PDHE1-A type
1)

Gene names

PDA1 (YER178W)

PDHA1 (PHE1A)
At1g59900
(F23H11.21)
IAR4 (At1g24180)
(F316.11)

PDHA2 (PDHAL)

pdhA

Pdha1 (Pdha-1)

Pdha1

Page 1

Organism

Saccharomyces
cerevisiae (Baker's
yeast)

Homo sapiens
(Human)

Arabidopsis thaliana
(Mouse-ear cress)

Arabidopsis thaliana
(Mouse-ear cress)

Homo sapiens
(Human)

Bacillus
stearothermophilus
(Geobacillus
stearothermophilus)

Mus musculus
(Mouse)

Rattus norvegicus
(Rat)

©

®

of 2 | Next »

Length

420

390

389

393

388

369

390

390
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TimelLogic

biocomputing solutions

Decypher Home Page
http:/ /decypher.stanford.edu/

TimeLogic

bioccomputing solutions

DeCuypher

eature Index

il take yvou to algorithm pa
Algorithm Query vs. Database Types Algorithm Query vs. Database Types
Tera-Blast' N DNA to DNA @ DNA to DNA @
DA o DMNA @J Smith~w.atenn_an DMA 1o Protein ':I)
DNA to Protein fIi Standard, Double-Affine £ @ji
Tera-Blast™ P 3 E
Protein to DNA 6, | Protein to DMNA (62, |
Protein to Protein @ FrairaSeatih DMA to DMNA @&
™ ] Symmeatric Frame 7 =
L orlosiiboia e @J Inq:li:q|:u:4ru::|m'|l.-"‘JI for DMNA o DA S Protein @Jﬁ
i s o e e e e e N in .
Genomic DNA to Coding DMNA (6a)| Protein to DMNA @
Coding DNA to Genomic DNA (@) DNA to Protein HMM @)
s Genomic DMA to Protein ) Hidden Markov Model Protein to Protein HMM )
GeneDetective = (HMN) C
Protein to Genomic DMNA 2| Protein HMM to Protein @
Genomic DNA to Protein HMM () Protein HMM to DNA @
Protein HMM to Genomic DNA @) DA to Protein HMM @
TRy HMM FrameSearch : _\
DA & Protein HMM to DMNA &
ClustalWw o 5% S S o oot o £ Sherees
Protein 6, | DMNA to Protein Profile (6, |
Protein To Protein Profile (‘;]T
ProfileSearch o
Protein Profile o Protein @_)5
Protein Profile to DNA @
DNA to Protein Profile 7
Profile FrameSearch =
Protein Profile to DMNA (6, |

@ @ Doug Brutlag 2010
s mv |


http://decypher.stanford.edu/
http://creativecommons.org/licenses/by/3.0/

TimeLogi_c

biocomputing solutions

=

Timel.ogic

biocomputing solutions

DeCypher Smith-Waterman Search
Protein Query vs. Protein Database

Decypher Search Input
http:/ /decypher.stanford.edu/

o lire

i @

Job Description:
E-mail Address:

Return Results:

DeCypher Smith—-Waterman Search Protein Query vs. Protein Database

| To your web browser | #-a As: | Web Page .-:-!

Protein Query:
Click Browse... 0 uplocad your

oS TR M. |
| Browse...

i _local file, or paste query data >PDH E1 HUMAN i
I 5, Mothe textbox. Use onlyone  IMRKMIAAVSRVLSGASOKEASRVLVASRNEANDATEEIKKCDLERLEEGPEVTTVLTIRED
@ e T e romy,  (CLKYYRMMOTVRRMELKADOLYKOKT TRCF CHLCDGOEACCVCLEAGTNPTDELITAYRA
= B HEPTETRGLSVREILARL TCRRCOCARCRCG SMEMYARNE YGONG IVGAQVET.CAGTAT
Use Example Chie CRYNGEDEVCLTLYGDGARNGEQIFEAYNMARLWELEC TF ICENNRYGMGTSVERAARST .
DY YRRGDE IPGLRVDGMD ILCVREATRE AAAYCRESGRGE T LMELOTYRYHGHSMSDEGY S ¥
Depcription Entries : Symbolas Updated =
. MTOEIMOCogd Mar ICImMma | NeE IESH S¥FIZHE 1F—rMarcn—JZudgd -
Frotein Database: Treponema pallidum (MCEI 1036 356216 1l9-March—2003
; @ Select only one if requesting tumoraa 1 393 19-December—2004
o an iterated search. Uniprot—SwissProt: 57.1 514212 180900945 26-January-2010 5
Uniprot-TREMBL: 57.13 G145906 2 29583436680 27-January—2010
L | | s i £ 4 23A1Aa00 h I . T I ann
@ {( submit )
@ Job Options: { Hide )
& Algorithm Variation: | Local (Standard) | %] @& Score Threshold: 1
@ Filter Query: = @ Significance Threshald: | 10 k&
@ Max Scores: 100 (e Weight Matrix: | blosume2 | t]
@ Max Alignments: 20 Lica ] Group Results by Entry: &
@ Identity Symbol: [ Match Letter [ 3]
& Show Significance: | E-value -#3
il R @& Gap Open Penalty: 12
| & Gap Extend Penalty: 2
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General DNA Similarity Search Principles

® Search both Strands
® Translate ORFs and cDNAs
= * Use most sensitive search possible

B o

UnGapped BLAST for infinite gap penalty (PCR & CHIP
oligos)
Gapped BLAST for most searches

Smith Waterman or megaBLAST or discontinuous
MegaBLAST for cDNA /genome comparisons

cDNA =>Zero gap-length penalty
Consider using transition matrices
Ensure that expected value of score is negative

* Examine results with exp. between 0.05 and 10

® Reevaluate results of borderline significance using
limited query

fr@ @ | Doug Brutlag 2010
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General Protein Similarity Search Principles

Chose between local or global search algorithm

Use most sensitive search algorithm available
— Oiriginal BLAST for no gaps
— Smith-Waterman for most flexibility
— Gapped BLAST for well delimited regions
— PSI-BLAST for families
— Initially BLOSUMS62 and default gap penalties
— If no significant results, use BLOSUMS30 and lower gap penalties

Examine results between exp. 0.05 and 10 for biological
significance

Beware of long hits or those with unusual amino acid
composition

Reevaluate results of borderline significance using
limited query
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Goals of Multiple Sequence Alignment

Determine Consensus Sequences

— Prosite Patterns
Building Gene Families

— InterPro, Prints, ProDom, pFAM, DOMO, COGs, KOGs
Develop Relationships & Phylogenies

— (Clusters, COGs, KOGs, ClusTR

— Relationships

— Evolutionary Models

— UPGMA, Neighbor Joining, Phylip, GrowTree, PAUP
Model Protein Structures for Threading and Fold Prediction

— Profiles, Templates, HSSP, FSSP, SwissModel

— Hidden Markov Models, pFAM, SAM, SuperFamily

— Network Models, Neural Nets, Bayesian Networks

— Statistical Models, Generalized Linear Models
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Consensus Sequence From a
Multiple Sequence Alignment
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BLOCKS

10-45

LJAVUGCIAN LVACGLANGC L

AVAUINGC D G LV.I.L«[J_LJ._tJJ.L U\,\iubl LCC (£ .\J_L61 LAAAIGC11L

http:/ /blocks.thcre.org /blocks / blockmkr /make_blocks.html

NLQGYMLGNP
NFMGYMVGNG
NLKGFLVGNA
NLKGILIGNA
NLKGFAIGNG
NFKGYLVGNG
NLKGFIVGNP
NIKGYIQGNA
NLKGFMIGNA
NLOGYILGNP
NFKGFMVGNA
NLQGYVLGNP

25-55

PLLLWLNGGPGCSSIGYGASEEIG
PLVLWENGGPGCSSVGFGAFEELG
PLMIWLTGGPGCSGLSSFVYEIGP
PLMIWLTGGPGCSGLSTFLYEFGP
PLLLWLSGGPGCSSLTGLLFENGP
PLVLWLNGGPGCSSVAYGAAEEIG
PVVIWLTGGPGCSSELALFYENGP
PLVIWFNGGPGCSSLGGAFKELGP
PLVIWFNGGPACSSLGGAFLELGP
PLVLWLNGGPGCSSLYGAFQELGP
PLVLWLNGGPGCSSIAYGASEEVG
PLTLWLNGGPGCSSVGGGAFTELG

40

v

TVKQWSGYMDYKDS
GVNQYSGYLSVGSN
SFAHYAGYVTVSED
DFAQYAGYVTVDAA
DLGHHAGYYKLPKS
SVESYSGFMTVDAK
GVKSYTGYLLANAT
NFKQYSGYYNVGTK
NFKSYSGYVDANAN
NFKHYSGFFQVSDN
DFFHYSGYLRAWTD
TVKQYTGYLDVEDD
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SeqWeb v Sequence Profiles

http:/ / seqweb.stanford.edu:81/ gcg-bin / analysis.cgi?program=hmmerpfam

SeqWeb v, , $accelrys’

Programs

HmmerPfam 2

Comparison
Identify known hidden Markov model domains.
A S Select From: [ Default H (Fraject:] I(Lm:al File) (Cljpboard :] [Datahase)
Simllarity
—————
Reference odpat_human. uniprot sprot odpat_human P 1.. 388
odpa human.uniprot sprot odpa_human P 390 i.. 358
Evolution odpt_ascsu.uniprot_sprot odpt_ascsu ] 351 1..391
Mapping odpa veast.uniprot sprot odpa_yeast P 420 1..420
odpa_rat.uniprot sprot odpa_rat P 350 1..350
Pattern Recognition odpa_mouse.uniprot_sprot odpa_mouse P 380 1. 358
oodpa caeel.uniprot sprot odpa_caeel P 397 i..397
Primer Selection odpat_rat.uni rot odpat_rat P 391 1.. 351
P b Kridred odpa macfa.uniprot sprot odpa_madcfa P 3580 1..350
srialalli e odpa_smima.uniprot_sprot odpa_smima P 353 1..363
Nuclelc Acld Secondary oopa ponpy.uniprot sprot odpa_ponpy P 350 1..390
Structure odpa_ascsu.uniprot sprot odpa_ascsu {4 3596 b
odpa plg.uniprot sprot odpa_plg P 389 1.. 388
Translatlon odpat_mouse.un rot odpat_mouse P 391 1..391
Utilitles ( Refresh ]
Index
Input Parameters:
1 otabase
Number of processors to use [E
Turn the XNU flltering of target proteln SEQUEnCcEs on O
Limit allgnment output of best scoring domains to 50 (range 1 thru 1000)
Set E-value cutoff for the per-seguence ranked hit list 10.0 (range 0.0 thru 100.0)
Set bit score cutoff for the per-sequence ranked hit list -300 (range -500.0 thru 500,0)
Set E-value cutoff for the per-domain ranked hit list 2.0 (range 0.0 thru 100.0)
Set bit score cutoff for the per-domaln ranked hit list 10 (range -1000.0 thru 1000.0)
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SeqWeb v, SeqWeb Sequence Profile Search

http:/ / seqweb.stanford.edu:81 / gcg-bin / analysis.cgi?program=hmmerpfazi

ProfileSearch 2
| Search a peptide database using a Profile constructed from unaligned peptide sequences.
Input sequences: . . .
T select From: | Default ~| Project | Local File | Clipboard | Database |
Sequence Description Type Length Range
hba horse.pep ID HBA_HORSE STANDARD; PRT; 141 AA. P 141 1..141
. lgba soybn Igba_soybn P 143 1..143
hbahuman hbahuman P 141 1..141
glb5 petma.pep ID GLBS_PETMA STANDARD; PRT; 149 AA, P 149 1..149
lgbl soybn.pep - ID LGB1_SOYBMN STANDARD; PRT; 143 AA. P 143 1..143
hba human hba_human P 141 1..141
lgb2 luplu.pep ID LGB2_LUPLU STANDARD; PRT; 153 AA. P 153 1.. 153
hbb human hbb_human P 146 1..146
Refresh Clear

Input Parameters:

Search set genpept -- Translated GenBank 7

Limit for the number of alignments 15 (range 0 thru 100000)

The following matrix and gap weight settings apply to the alignment phase of the analysis.
Select a sequence comparision matrix. This matrix determines how matches and mismatches are scored. The default penalites for gap
creation and extension are given after each matrix name.

Scoring Matrix blosum62 j
Set gap creation penalty B
Set gap extension penalty 2

The following gap weight settings apply to the search phase of the analysis.
Set maximum gap creation penalty

Set maximum gap extension penalty

A 2 score is the number of standard deviations above background.

Lowest Z score to report in output list 2.5 (range 0.0 thru 100)

l(cc) W Doug Brutlag 2010
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Hidden Markov Models

xfa Lo L X http:/ / www.cse.ucsc.edu / research / compbio /sam.html

ee emo @/
rSUNANATAN
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Evolutionary Trees

-
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N

Q1
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Challenges Aligning Multiple Sequences

Computational complexity O(n*) for k sequences n long

Space requirements O(n*) for k sequences n long

Sequence clusters require weighting function

Weighted alignments tend to overweight erroneous sequences
Approximations must be used for real world data

— Linked lists used to find exact words shared between k
sequences

— BLAST can find inexact shared words between k sequences

— FASTA can be used to do progressive pair-wise alignments

— HMM Pair models find best overall alignment probabilistically
Pairwise comparisons followed by Progressive Alignments
Final alignment is often dependent on order data presented
Gaps make alignment unnaturally long

fr@ @ ' Doug Brutlag 2010
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Three Protein Alignment
(Murata, Richardson & Sussman)

Figure 1. Alignment Path for 3 Sequences,

..... _ e e _ 8N OA -

& Load
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One Pairwise Alignment from the
Three-Way Alignment

Figure 2: Projection of the Alignment from the Right-TTand-Side.

L1

Start
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All Pairwise Alignments from the
Three-Way Alignment

Figure 3: All 3 Pairwise Projections of the Alignment

L2

L1
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Carrillo-Lipman Limits for MSA

http:/ / searchlauncher.becm.tmc.edu/ multi-align / multi-align.html

@ G) Doug Brutlag 2010
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Clustal Progressive Alignment (Step 1)

Steps in Multiple Alignment

(A) Pairwise Alignment

Example - 4 sequences  §, 85,8, 5, 5,
S
1 o . S,
52 6 pairwise comparisons
then cluster analysis S
S,
S, 8
-
similarily

@ @ Doug Brutlag 2010
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Clustal Progressive Alignment (Step 2)

(B) Multiple alignment following the tree from A

52 L align most similar pair

A

Gaps o oplimize allgnment

align next mosl similar pair

Mew gap to optimize
alignment of (s & ) with (5 5 )

*zq 13
S

= align alignments - preserve gaps

@ @ Doug Brutlag 2010
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Gaps Are Propagated To Make Alignment

SEQR:
SEQL:

SEQR:
SECRB:

SEQ2:
SE.

M- DNPYl VRM G CEAE- SVWM
MGEQF- DHPNI | RLEGWTKSRPVM

MQQL- DNPYI VRM Gl CEAE-SWW/
MKQL- QHPRLVRL YAWTCQE-PI Y

MQQL- DNPYI VRM G CEAE- SVWM
VKM GKHKNI | NLLGACTQDGPLY

@ (T‘) Doug Brutlag 2010
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Clustal Procedure

INPUT SEQUENCES

!

stage 1 | CALCULATE ALL PAIRWISE
SIMILARITY SCORES

!

stage 2 UPGMA CLUSTER ANALYSIS

!

TAKE 2 MOST SIMILAR
(REMAINING) SEQUENCES
OR CLUSTERS

stage 3 {v

2 WAY AL IGNMENT

| !

OUTPUT A CONSENSUS
AND THE SEQUENCES
WITH GAPS INSERTED

MORE

—YES SEQUENCES?

NO | OUTPUT FINAL
AL | GNMENT

@ (#) Doug Brutlag 2010
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Clustal Dendrogram

50 60 70 80 90 100 10 120

L n 2 A

Anglosperms

1

Gymnosperms

Pteridophytes

Bryophytes

Nitella

___l[ Green algae

Porphyra

Yeast
Halobacter ium

i [ Spinach chloroplast
- Micrococcus »

Staphylococcus

Fig. 4. UPGMA dendrogram of 34 plant, yeast and bacterial 5S RNA sequences. The sequences were taken from Hori et al. (1985)
(see RESULTS, section a2). The major plant taxonomic groupings are indicated. The scale across the top margin shows the number
of matching nucleotides (after alignment) between two clusters or sequences. J
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Clustal Globin Alignment

A B C

1 human beta globin VHLTPEEKSAVTALWCK| D EVGGEALGRLLV QORIFFESFGDLSTPDAVMGNPK
"2 horse beta globin VQLSGEEKAAVLALWDK E EVGGEALGRLLV QRIFFDSFGDLSNPGAVMGNPK

3 human alpha globin VLSIPADKTNVKAAWGKNG GEYGAEALERMFL TTKIYFPHF DLSH GSAQ

4 horse alpha globin VL KTNVKAAWSKNGGHRAGEYGAEALERMFLGFATTKTYFPHF DLSH GSAQ

5 cyanohaemoglobin PIVDTGSVAPL EKTKIRSAWAPVYSDNETSGVDILVKFFTSTHAAEHFFPKFKGLTTADELKKSAD

6 whale myoglobin VLSEGEWQLVLHVWAKVE AGHGQDILIRLFK TLEKFDRFKHLKTEAEMKASED

7 leghaemoglobin GALTESQAALVKSSWEEFN PKHTHRFFILVLE quK FSSFLKGGTSEVPQNNPE

x ® Y x Y ° *x *x *
G H
ENFRLLGNVLVCV GKEFTPPVQAAYQKVVAGVANAL YH

VKAHGKKVLHSFGEG ENFRLLGNVLVVV GKDFTPELQASYQKVVAGVANA YH
VKGHGKKVADALTNA VNFKLLSHCLLVT PAEFTPA LDKFLASVSTVLTISKYR
VKAHGKKVGDALTLA VNFKLLSHCLLSTLA PNDFTPA LDKFLSSVSTVLTISKYR
VRWHAERIIDAVDDA EYFKVLAAVIADTVAA FEKLLRMICIL AY
LKKHGVTVLTALGAI KYLEFISEAIIHVLHSRHPGDFGADA ELFRKDI YKELGYQG
_EQ}HAGKVFKLVY AHFPVVKEAILKTIKEVVGAKWSEELNSAWTIAYDELAIVIKKEMDDAA
° x ° ° ° ° ° ’ .

Fig. 3. CLUSTAL-produced multiple alignment of seven globin sequences taken from Lesk and Chothia (1980) (see RESULTS, section’

Doug Brutlag 2010
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ClustalW Step 1: BLOSUM Distance Matrix

Hbb_Human
Hbb_Horse
Hba_Human
Hba_Horse
Myg_Phyca
GIb5_Petma
Lgb2_Luplu

NG WO =

Pairwise alignment:
Calculate distance matrix

17 -

59 .60 -

.59 59 13 -

77 g7 75 75 -

81 .82 73 74 .80 -

.87 .86 .86 .88 .93 .90
1 2 3 4 5 6

Doug Brutlag 2010
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ClustalW Step 2: Dendrogram

r— Hbb_Human

‘—— Hbb_Horse

— Hba_Human

Rooted Neighbor Joining

L—  Hba_Horse tree (guide tree)

Myg_Phyca

GIb5_Petma

Lgb2_Luplu

@ @ Doug Brutlag 2010
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ClustalW Sequence Weighting

081
276 —— Hbb_Human: 0.221
.084
.061 —— Hbb_Horse: 0.225
.055
015 219 - Hba_Human: 0.194
2
126> Hba_Horse:  0.203
.062 398
Myg_Phyca:  0.411
389
GIb5_Petma: 0.398
442

Lgb2_Luplu: 0.442

F1G. 3. Sequence weights for the seven globin sequences from Fig. 1. A rooted neighbor-
joining tree is shown with branch lengths. The weights are shown for each sequence before
normalization (the weights are normalized so as to make the largest equal to 1.0).

(¥ Doug Brutlag 2010
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ClustalW Residue Specific Gap Penalties

RESIDUE-DPECIFIC (UAP UPENING FVENALTY IFACTORS®

Residue Penalty Residue Penalty
A 1.13 M 1.29
C 1.13 N 0.63
D 0.96 P 0.74
E 1.31 Q 1.07
F 1.20 R 0.72
G 0.61 S 0.76
H 1.00 T 0.89
I 1.32 \Y% 1.25
K 0.96 Y 1.00
L 1.21 W 1.23

(1'\1 Doug Brutlag 2010
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Position Specific Gap Penalties

Gap opening penalty
30+

20 -

10 -

¢ HLTPEEKSAVTALWGKVN--VDEVGGEALGRLLVVYPWTQRFFESFGDL
QLSGEEKAAVLALWDKVN--EEEVGGEALGRLLVVYPWTQRFFDSFGDL
VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLS
VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHFDLS

Figure 3. The variation in local gap opening penalty is plotted for a section of -

alignment. The inital gap opening penalty is indicated by a dotted line. Two |

hydrophilic stretches are underlined. The lowest penalties correspond to the ends
of the alignment, the hydrophilic stretches and the two positions with gaps. The
highest values are within 8 residues of the two gap positions. The rest of the
variation is caused by the residue specific gap penalties (12).

!Ag Brutlag 2010
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ClustalW Step 3: Progressive Alignment

QVKGHGKKVADALTNA
QVKAHGKKVGDALTLA
EAEMKASEDLKKHGVTVLTALGAI
ADQLKKSADVRWHAERIINAVNDA

LGNVLVCVLAH
LGNVLVVVLA
LSHCLLVTL
LSHCLLSTLA
ISEAITIHVLHS
LAAVIADTVAA:
VKEAILKTIK

YQKVVAGVANALA]
LDKFLASVSTVLT
LDKFLSSVSTVLT
KALELFRKDIA
FEKLMSMICILLR

KKG----- HHEAELKPLAQSHAT]
SMDDT - -EKMSMKLRDLSGKHAK]
QLQVTGVVVTDATLKNLGSVHVS

HKYH
SKYR

WTIAYDELATIVI

KEMNDAA - - -

FESFGDLST :
FDSFGDLSN P rogressive
FPHFDLS-- alignment:
FPHFDLS-- Align following
FDRFKHLKT the guide tree
FPKFKGLTT

FSFLKGTSE

LHVOPENFRL
LHVOPENFRL
LRVIPVNFKL
LRVIJPVNFKL
KHKIHIKYLEF
SFQVIJPQYFKV

KG-VADAHFPV

Doug Brutlag 2010
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T-Coffee Procedure

T-Coffee: a Method for Sequence Aligrimernt

A I ————— | P . ———
A A o
C C
B - B B F
Clustal W Primary Library Lalign Primary Library {Local
(Global Pairwise Alignment)

Pairwise Alignment)

Yy
Weighting
Signal Addition

i
(PRIMA- RY LIB RA.RY)

B |
‘ EXTENSION

( EXTENDED LIBRARY)

PROGRESSIVE ALIGNMENT |

@ @ Doug Brutlag 2010
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Regular Progressive Alignment

a)Regular Progressive Alignment Strategy

SeghA CGARFIELD THE LAST FAT CAT

. SeqA GARFIELD THE LAST FA T CAT
SeqgB GARFIELD THE FAST CAT SeqB GARFIELD THE FAST CA-T ---

- SeqC GARFIELD THE VERY FAST CAT
SagD - —===== THE ---- FA-T CAT

SeqgC GARFIELD THE VEERY FAST CAT

SagD THE FAT CAT

@ @ Doug Brutlag 2010
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T-Cofttee Primary Alignment Library

b)Primary Library
SegB CARFIELD THE =-== FAST CAT Prim Weight = 100
SegA GARFIELD THE LAST FAT CAT  Prim. Weight = 88
sa% e e 2 SegC GARFIELD THE VERY FAST CAT
. SeqgA CGARFIELD THE LAST FA-T CAT . okt = Se GARFIELD THE FAST CAT
SedC CARFIELD THE VERY FAST Car Prim. Weight=77 seg _______ THE FA-T CAT Prim. Weight = 100
- FAT CAT . _ SeqgC GARFIELD THE VERY FAST CAT R =
Seqp CARFIELD THE LAST AT Cap Prim. Weight=100  gogp =777 7 THE -——— FA-T Cap ©rim-Weight =100

@ G) Doug Brutlag 2010
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T-Coftee Extended Alignment Library
and Progressive Alignment

b)Primary Library

m . - SagB CARFIELD THE =-==-= FAST CAT Prim Weight= 100
Se GARFIELD THE LAST FAT CAT  Prim. Weight = §8 m B
Ea% GARFIRID THE LAST ZAT 2T g SegC GARFIELD THE VERY FAST CAT
SeqgA GARFIELD THE LAST FA-T CAT . eioht = Se SARFIELD THE FAST CAT _
SedC GARFIELD THE VERY FAST CaT Frim.Weight=77 e THE FA.T CAT Prim. Weight = 100
I FAT CAT = SeqgC GARFIELD THE VERY FAST CAT prim. -
ggg‘% I‘E‘ﬁ'?‘gzggn %EE E"‘}g? EAT CAT Prim. WElglll—lﬂ“ eqDd ———=———— THE -——— FA-T CAT Prim Wt:lghl 100
c)Extended Library for seql and seq2
- Extended Library
SegA GARFIELD THE LAST FAT CAT
LT T T Weight = 55
SegB GARFIELD THE FAST C —— T‘i‘ﬁi‘ﬁf iii T
SeqgA GARFIELD THE LAST FAT CAT SeqB GARFIELD THE FAST CAT
LERELLED FED DEEE TEN AN B
SeqgC GARFIELD THE VERY FAST CAT  Weight=77
LELEEEET 11 1111 1] I
SegB GARFIELD THE FAST CAT
Dynamic Programming
Segl GARFIELD THE LAST lﬁrf ﬁ;f
111 |
SeqD THE FAT CAT  Weight =100
111 ANRAY
SegB GARFIELD THE FAST CAT SeqA CARFIELD THE LAST FA-T CAT
SeqB GARFIELD THE ---- FAST CAT

®

Doug Brutlag 2010
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Comparison of T-Coffee to Other MSAs

I
Table 2. T-Coffee compared with other multiple sequence alignment methods
Method Catl (81) Cat2 (23) Cat3 (4) Cat4 (12) Cat5 (11) Totall (141)
Dialign 71.0 25.2 35.1 74.7 80.4 61.5
ClustalW 78.5 32.2 42,5 65.7 74.3 66.4
Prrp 78.6 325 50.2 a]1.1 82.7 66.4
T-Coffee 80.7 37.3 52.9 83.2 88.7 721

Doug Brutlag 2010
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MUSCLE
Edgar (2004) NAR 32, 1792-1797

1.1 k-mer 1.2 1.3 progressive
counting || UPGMA alignment

—_——— K, :
|—: - e | : - MSA1
unaligned
sequences k-mer distance FTREE] e
matrix D1 2.1 compute
<~ %ids from MSAT

& 1 | Kimura distance
| matrix D2

B progressive
: 2.2 UPGMA
MSAZ alignment TREE?

."""""""::.""""'

{——] ; ;-:,"_'__',_'.".'-; _,_,,_ delete

5 H R o SR

" . ! {0 i

1 —_— ! e '

i — i i s L L - ———,

[

——. 3.3re-align  4cp : — —: Yes,
o 3.2 compute  profiles 34S5P T/ —— save

subtree profiles MSA3

3.1 delete T o

= repeat
edge from TREEZ i SO 'Ef__ e
giving 2 subtrees
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MUSCLE
Edgar (2004) NAR 32, 1792-1797

YES XIPHE  MGCvrSKEaKgPALKYcpdNsnvvPvSahlgHYGpept img

YES AVIEY se—mosnsoeosn AKGPARKYrtcdNtpeP1SshvsHYGsd
1o CHICK: ime—m—- MGC1kSKEJKgPAnKYr tcNtpeP1SshvsHYG:Sd
YES HUMAN  ------ MGC1kSKEnKsPA1KYrpeNtpePvStsvsHYGae
YES MOUSE  ------ MGC1kSKEnKsPALKYtpeNlteP--vSpzaszHYG

YES XIPHE  MGCvrSKEaKgPALRYqpdNsnvvPvSahlgHYGpept lmg
TES BAVISY imw—mesmes dKgPAnKYr tdNtp-eP18shvsHYGsdssgat
TE3 CHICK  MGC1kSKECKgPAmKYrtdNtp-eP1SshvsHYGSdssqat
YES HUMAN — MGC1kSKEnKsPA1KYrpeNtp-ePvStsvesHYGaepttvs
YES MOUSE  MGC1kSKEnKsPALKYtpeNlt-ePvSpsasHYGvehatva
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MUSCLE BaliBase Test
Edgar (2004) NAR 32, 1792-1797

Table 2. BAUBASE () scores on subsets

Method Refl Ref? Ref3 Refd Ref5

MUSCLE 0887 0935 0823 0876 0968
MUSCLEp 0871 0928 0813 087 0974
T-Coffee 0866 0934 0787 0917 0997
NWNSI 0867 0923 0787 0904 0963
CLUSTALW 0861 0932 0751 0823 0859
FFINS] 0838 0908 0708 0793 0947
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ProbCons
Do, et al. Genome Research 15, 330-340

Figure 1. Basic pair-HMM for sequence alignment between two se-
quences, x and y. State M emits two letters, one from each sequence, and
corresponds to the two letters being aligned together. State [, emits a
letter in sequence x that is aligned to a gap, and similarly state /, emits a
letter in sequence y that is aligned to a gap. Finding the most likely
alignment according to this model by using the Viterbi algorithm corre-
sponds to applying Needleman—-Wunsch with appropriate parameters.
The logarithm of the emission probability function p(.,.) at M corresponds
to a substitution scoring matrix, while affine gap penalty parameters can
be derived from the transition probabilities & and & (Durbin et al. 1998).
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ProbCons
Do, et al. Genome Research 15, 330-340

Step 1: Compute posterior probability matrices of

each pair of aligned sequences from the pair-
HMM model

Step 2: Compute expected accuracies of pairwise
alignments.

Step 3: Probabilistic Consistency Transformation

Step 4: Calculate Guide Tree using UPGMA from
measure of similarities of sequence pairs

Step 5: Progressive alignment

Step 6: refinment by dividing sequences into two
groups and re-align. Repeat multiple times.
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ProbCons
Do, et al. Genome Research 15, 330-340

Probabilistic Consistency-based Multiple
Alignment of Amino Acid Sequences

B RUN ABOUT DOWNLOAD HELP

PROBCOMS is an efficient protein multiple sequence alignment program, which has demonstrated a
statistically significant improvement in accuracy compared to several leading alignment tools.

BASIC PARAMETERS

E-mail address brutlag@stanford.edu

E-mail address (again) brutlag@stanford.edu

Input seguence file [ Choose File ) = globins.pro

Consistency reps | 2 | &
Iterative refinement reps [ 100 &
Pre-trainingreps | 0 | &

Output format () MFA & CLUSTALW

|__COMPUTE ALIGNMENT I

{ Run PROBCONS! | [ Clear values )

Comments to Chuong Do (chucngdo@cs.stanford. edu)
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ProbCons

Do, et al. Genome Research 15, 330-340

PROBCONS wversion 1.12 multiple sequence alignment

GLB5_PETMA
HBA_HORSE
HEBA_HUMAMN
HEB_HORSE
HEB_HUMAN
LGEBZ2_LUPLU
MYG_PHYCA

GLB5_PETMA
HBA_HORSE
HBA_HUMAN
HEBB_HORSE
HEB_HUMAMN
LGBZ2_LUPLU
MYG_PHYCA

GLB5_PETMA
HEA_HORSE
HEA_HUMAN
HEB_HORSE
HEB_HUMAN
LGBZ_LUPLU
MYG_PHYCA

PIVDTGSVAPLSAAEKTKIRSAWAPYVYSTYETSGVDILVKFFTSTPAAQEFFPKFKGLTT
————————— VLSAADKTNVKAAWSKYGGHAGEYGAEALERMFLGFPTTKTYFPHF-DLS-
o o VLSPADKTNVKAAWGKYGAHAGEYGAEALERMFLSFPTTKTYFPHF-DLS-
———————— VQLSGEEKAAVLALWDKVNE--EEVGGEALGRLLVVYPWTQRFFDSFGDLSN
e e VHLTPEEKSAVTALWGKVNY--DEVGGEALGRLLVVYPWTQRFFESFGDLST
e GALTESQAALVKSSWEEFNANIPKHTHRFFILVLEIAPAAKDLFSFLKGTS-
e e VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKT
* - . . E a a * .

»® .

ADQLKKSADVRWHAERIINAVNDAVASMD - - - -~ DTEKMSMKLRDLSGKHAKSFQVDPQY
-—---HGS5AQVKAHGKKVGDALTLAVGHLD - ---- DLP---GALSNLS5DLHAHKLRVDPVN
----HGS5AQVKGHGKKVADALTNAVAHVD - ——-- DMP---NALSALSDLHAHKLRVDPVN
PGAVMGNPKVKAHGKKYVLHSFGEGYHHLD - ---- NLK---GTFAALSELHCDKLHVDPEN
PDAVMGNPKVKAHGKKVLGAFSDGLAHLD----- NLK---GTFATLSELHCDKLHVDPEN
-EVPONNPELQAHAGKVFEKLVYEAAIQLOVTGVWTD---ATLKNLGSVHVSKGVAD-AH
EAEMKASEDLKKHGVTVLTALGAILKKKG-~----HHE---AELKPLAQSHATKHKIPIKY
a - k] . -

L L

FKVLAAVIADTVAA-———————~ GDAGFEKLMSMICIL---L-RSA------ Y
FKLLSHCLLSTLAVHLPNDFTPAVHASLDKFLSSVSTV- - -LTSKY---—-- R
FKLLSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTV -~ -LTSKY -~~~ R
FRLLGNVLVVVLARHFGKDFTPELQASYQKVVAGVANA - - - LAHKY - - - — - - H
FRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANA - - - LAHKY - - - — - H
FPVVKEATLKTIKEVVGAKWSEELNSAWT TAYDELATVIKKEMNDA - - -~ - A

LEFISEAITHVLHS5RHPGDFGADAQGAMNKALEL FRKD---TAAKYKELGYQG

() O
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Table 1. Performance of aligners on the BAIIBASE benchmark alignments database

1) Ref2()  Ref3() Ref4(1)  RefS(1D) Overal (1)

Time
Aligner ¢ 9 & & v & P 0 G (mmss)

Align-m 66 nfa 884 nfa 684 nfa 91 nfa 97 nfa 804 nfa 1%
DIALIGN 8.1 709 %93 N9 684 M4 K7 762 U0 M3 82 67 133
CLUSTAW 861 773 932 368 753 460 834 522 839 638 861 680 107
MAFFT 86/ 781 924 302 788 04 96 727 %3 89 82 N4 118
T-Coffee 66 774 934 361 85 47 98 B0 %8 W3 83 722 N3
MUSCLE 8/ 808 93 363 823 o4 86 609 968 %2 86 B9 103
PobCons 901 826 944 613 841 613 %01 723 99 N9 90 72§
PobConsext 900 825 942 591 843 611 938 810 %1 922 912 716 B2

Columns show the average sum-of-pairs (SP) and column scores (CS) achieved by each aligner for each of the five BAIBASE references. All scores have
been multipied by 100. The number of sequences in each reference Is qiven in parentheses. Overall numbers for the entire database are reported in
addition to the total running time of each aligner for all 141 alignments. The best results in each column are shown in bald.
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SeqWeb v SeqWeb ClustalW

http:/ / seqweb.stanford.edu:81/ gcg-bin/ analysis.cgi?program=clustalw-prot

B

ClustalW+ 2
Align several peptide sequences.
. Input sequences: : > -
" select rom: | Default ~| Project | Local File | Clipboard | Database
hba horse.pep ID HBA_HORSE STANDARD; PRT; 141 AA. P 141 1..141
lgba soybn Igba_soybn P 143 1..143
hbahuman hbahuman P 141 1..141
. glb5 petma.pep ID GLEBS_PETMA STANDARD; PRT; 149 AA. P 149 1.. 149
. Igbkl soybn.pep - ID LGB1_SOYBN STANDARD; PRT,; 143 AA. P 143 1..143
hba human hba_human P 141 1..141
Igb2 luplu.pep ID LGB2_LUPLU STANDARD; PRET,; 153 AA. P 153 15153
hbb human hbb_human P 146 1.. 146

Refresh Clear
o _Refresh | Clear |

Input Parameters:

Slow/Accurate o
Set pairwise alignment mode / -~

Fast/Approximate

IIU.U

Pairwise Alignment Parameters (rnge 1.0 B 10.0)

(Available for Slow/Accurate IU 1
Set gap extension penalty
alignment mode) (range 0.1 thru 10.0)

Set alignment scoring matrix BLOSUM T

L(@ @ Doug Brutlag 2010

Set gap opening penalty
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SeqWeb v, ,

SeqWeb Clustal W MSA Parameters

http:/ / seqweb.stanford.edu:81/ gcg-bin/ analysis.cgi?program=clustalw-prot

Multiple Sequence Alignment
Parameters

Set alignment scoring matrix

Set gap opening penalty

Set gap extension penalty
Set gap separation penalty range

Delay divergent

Turn on end gap separation penalty
Matrix contains negative values
Turn off residue-specific gap penalty
Turn off hydrophilic residue gaps

List hydrophilic residues

|BLOSUM -

10.0

(range 1.0 thru 10.0)

.05

(range 0.01 thru 10.0)

i &

B

30.0

(1.0 thru 100.0)
-

r

-

-

G,P,S,N,D,Q,E,K,R

Set output sequences' ordering

Sequence range to write [m,n]
(starting from m to m+n)

Input order
Alignment order

79

Run | Reset

Doug Brutlag 2010
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SeqWeb v, SeqWeb ClustalW Alignment

http:/ / seqweb.stanford.edu:81/ gcg-bin/ analysis.cgi?program=clustalw-prot

a SeqWeb v, ,

Multiple Sequence Alignment Results

Text View
MSF: 164 Type: P February @7, 2087 21:43 Check: 8543 ..
Name: hba_horse.pep Len: 164 Check: 1478 Weight: 1.0
. Name: lgba_soybn Len: 164 Check: 52 Weight: 1.@
Name: hbahuman Len: 164 Check: 438 Weight: 1.@
Name: glbS_petma.pep Len: 164 Check: 974 Weight: 1.8
Name: lgbl_soybn.pep Len: 164 Check: 485 Weight: 1.8
- Mame: hba_human Len: 164 Check: 438 Weight: 1.@
Mame: lgbZ luplu.pep Len: 164 Check: 3153 Weight: 1.8
Name: hbb_human Len: 164 Check: 1613 Weight: 1.8
Vs
1 50
hba_horse.pe ......... V LSAADKTI'VK AANSKVGGHA GEYGAEALER MFLGFPTTKT
. lgha_soybn ........ VA FTEKQDALVS SSFEAFKANI PQYSVWFYTS ILEKAPAAKD
‘ hbahuman ......... WV LSPADKT!VK AANGKVGALA GEYCAEALER MFLSFPTTKT
glbS_petma.p PIVDTGSVAP LSAAEKTKIR SAWAPVYSTY ETSGVDILVK FFTSTPAAQE
lgbl_soybn.p ........ GA FTEKQEALVS SSFEAFKANI PQYSVWFY!S ILEKAPAAKD
hba_human LSPADKT VK AAWGKVCA A GEYGAEALER MFLSFPTTKT
lgb2_luplu.p LTESOAALVK SSWEEFANI PKHTHRFFIL VLEIAPAAKD
hbb_human LTPEEKSAVT ALWGKV!'. .V DEVGGEALGR LLVVYPNTOR
51 100
hba_horse.pe YFPUF..... .DLSHGSAQV KAHGKKVGDA LTLAVGHLDD LPGALSHLSD
. lgba_soybn LFSFLANG.. ..VOPTIPKL TGHAEKLFAL VRDSAGOLKA SGTWVADAAL
hbahuman YFPHF..... .DLSHGSAQV KGHGKKVADA LTHAVAHVDD MPMALSALSD
glb5_petma.p FFPKFKGLTT ADQLKKSADY RW AERIINA VIDAVASMDD TEKMSMKLRD
1gbl_soybn.p LFSFLANG.. ..VDPTIPKL TGHAEKLFAL VRDSAGOLKT NGTVVADAAL
hba_human YFPHF..... .DLSHGSAQV KGHGKKVADA LTHAVAHVDD MPMALSALSD

1gb2_luplu.p LFSFLKGTS. .EVPQUNPEL QAHAGKVFKL VYEAAIQLOV TGWVVTDATL
hbb_human FFESFGDLST PDAVMGHPKY KAHGKKVLGA FSDGLANLDY LKGTFATLSE

181 15@
hba_horse.pe L..... AYK LRVDPVIFKL LSHCLLSTLA VHLPHDFTPA VHASLDKFLS
lgba_soybn G...SVHAQK AVTOP.QFVV VKEALLKTIK AAVGDKWSDE LSRAWEVAYD
hbahuman L..... AYK LRVOPVIFKL LSHCLLVTLA ANLPAEFTPA VHASLDKFLA
glb5_petma.p LSG..KHAKS FOVDPQYFKV LAAVIADTVA AGD....... ..AGFEKLMS
lgbl_soybn.p V...SINAQK AVTDP.QFVV WKEALLKTIK EAVGGIWSDE LSSAWEVAYD
hba_human L..... AYK LRVOPVIFKL LSHCLLVTLA ASLPAEFTPA VUASLDKFLA
1gb2_luplu.p KNLGSVHVSK GVADA.UFPV WKEAILKTIK EVVGAKWSEE LISAWTIAYD
hbb_human L..... CDK LHVDPENFRL LGNWLVCVLA HHFGKEFTPP VOAAYOKVVA
151 164

hba_horse.pe SVSTVLTSKY R...
1gba_soybn ELAAAIKKA. ....
hbahuman SVSTVLTSKY R...
glbS_petma.p MICILLRSAY ....
1gbl_soybn.p ELAAAIKKA. ....
hba_human SVSTVLTSKY R...
1gb2_luplu.p ELAIVIKKEM /DAA
hbb_human GVAVALANKY

]

@ @ Doug Brutlag 2010
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SeqWeb v, ,

SeqWeb ClustalW Text Output

http:/ /seqweb.stanford.edu:81 / gcg-bin / analysis.cgi?program=clustalw-prot

1Al MULTIPLE ALIGHNMENT 1.0

MSF: 164 Type:
Hame: hbahuman
Name: hba huma
Wame: hba_hors
Wame: hbb_huma
Hame: lgba_ soy
HName: lgbl_soy
Name: lgb2 lup
Name: glb5 pet
rf

hbahuman

hba human

hba horse.pep
hbb_human
lgba soybn
lgbl soybn.
1gb2 luplu.
glb5 petma.pep

hbahuman
hba_human

hba_ horse.pep
hbbk human
lgba_soybn
lgbl_soybn.pep
lgb2 luplu.pep
glb5 petma.pep

hbahuman

hba human

hba horse.pep
hbb_human

lgba soybn
lgbl soybn.pep
1gb2 luplu.pep
glb5 petma.pep

hbahuman
hba_human

hba_ horse.pep
hbb _human
lgba_soybn
lgbl _soybn.pep
lgb2 luplu.pep
glb5 petma.pep

P February 07,

Len: 164
n Len:
e.pep Len:
n Len: 164
bn Len:

FFESFGDLST
LFSFLANG. .
LFSFLANG. .
LFSFLEGTS.
FFPEFEGLTT

G...S5VHAQK
V...5THAQK
ENLGSVHVSE
L5G. .KHRES

151
SVSTVLTSEY
SVSTVLTSEY
SVSTVLTSEY
GVANATLAHEY
ELAAATEER.
ELAAATEER.
ELATVIEEEM
MICILLRSAY

164

164
bn.pep Len:
lu.pep Len:
ma.pep Len:

2007
Check:
Check:
164
Check:
Check:
164
164
164

LSPADETHVE
LSPADETHNVE
LSAARDETHVE
LTPEEESAVT
FTEEQDALVS
FTEEQEALVS
LTESQAARTVE
LSAREETEIR

. DLSHGSAQV
. DLSHGSRQV
. DLEHGERQV
PDAVMGNPEWV
. - VDPTHNPEL
. - VDPTHPEL
. EVPONNPEL
ADQLEESADV

LRVDEVNFEL
LRVDEVNFEL
LRVDEVNFEL
LEVDEENFRL
AVTDE.QFVV
AVTDE . QFVV
GVADA . HFPV
FOVDEQYFEV

164

bl

HDAR

438
438 Weight:
Check: 1470 Weight:
1613
52
Check:
Check:
Check:

21:44
Weight:

Weight:
Weight:
405

974

AMNWGEVGRAHR
AAWGEVGAHR
AAWSEVGGHA
ATWGEVH. .V
SS5FEAFERANT
SEFEAFEANT
SSWEEFNANT
SAWAPVYSTY

EGHGEEVADA
EGHGEEVADA
EAHGEEVGDRA
FAHGEEVLGA
TGHAEELFAL
TGEAEELFAL
QAHAGEVEEL
RWHAERITHA

LSHCLLVTLA
LSECLLVTLA
LSHCLLSTLA
LGHVLVCVLA
VEEALLETIE
VEEALLETIE
VEEAILETIE
LARVIADTVA

Check:
1.0

Weight:
3153 Weight:
Weight:

8543

1.0

1.0
1.0

1.0

1.0
1.0

1.0

GEYGAEALER
GEYGAEALER
GEYGAEALER
DEVGGEALGR
PQYSVVFYTS
BQYSVVFYNS
PEHTHRFFIL
ETSGVDILVE

LTNAVAHVDD
LTNAVAHVDD
LTLAVGHLDD
FSDGLAHLDN
VRDSAGQLER
VRDSAGQLET
VYEAAIQLQV
VNDAVASMDD

AHLPAEFTPR
AHLPAEFTPRA
VHLPNDFTEA
BEFGEEFTEP
ARVGDEWSDE
EAVGGNWSDE
EVVGAEWSEE

50
MFLSFETTET
MFLSFPTTET
MFLGFPTTET
LLVVYPWTQR
ILEKAPARED
ILEEAPARED
VLEIAPARED
FFTSTPAAQE

100
MPHALSALSD
MPHALSALSD
LPGALSHNLSED
LEGTFATLSE
SGETVVADARAT,
NGTVVADART,
TGVVVTDATL
TEEMSMELRD

150
VHASLDEFLA
VHASLDKFLA
VHASLDEFLS
VQARYQEVVA
LSRAWEVAYD
LESAWEVAYD
LNSAWTIAYD
. .AGFEELMS

@)
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SeqWeb v, SeqWeb Pileup Input

http:/ / seqweb.stanford.edu:81/ gcg-bin / analysis.cgi?program=pileup-prot

PileUp 2

Align several peptide sequences.

Input sequences: Select From: | Default |5 ] :L:Pruject} iLm:aI File ) ( Clipboard ) ( Database :"

Sequence Description ‘Type Length Range
myqg phyca myg_phyca P 153 ; TP A K
glb5 petma.pep ID GLB5_PETMA STANDARD; PRT; 149 AA. P 149 1..149
hba human hba_human P 141 1..141
hba horse.pep ID HBA_HORSE STANDARD; PRT; 141 AA. P 141 1..141
hbb horse.pep ID HEB_HORSE STANDARD; PRT; 146 AA. P 146 1..146
igbl soybn.pep - ID LGB1_SOYEN STANDARD; PRT; 143 AA. P 143 1..143
hbb human hbb_human P 146 1..146
| Refresh | { Clear |

Input Parameters:

Select a sequence comparision matrix. This matrix determines how matches and mismatches are scored. The default
penalites for gap creation and extension are given after each matrix name.

Scoring Matrix Cblosum62 |+
Set gap creation penalty 8
Set gap extension penalty 2

Limit the maximum input sequence range only when needed. Setting a higher limit allows you to align longer sequences
while setting a lower limit allows you to add more and longer gaps to each sequence.

Maximum input sequence range 5000 (range 1 thru 7000)

Limit the maximum number of gaps only when needed. Setting a higher limit allows you to add more and longer gaps to
each sequence while setting a lower limit allows you to align a greater number of sequences.

Maximum number of gap characters ('.' and '~') added to any sequence 2000 (range 0 thru 7000)
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SeqWeb v SeqWeb v

http: / Multiple Sequence Alignment Results y-pr ot

'- symbol comparison table: share_matrix:blosumG2.cmp CompCheck: 1102

eight: 8
GapLengtﬁﬁe1ght: P

myg_phyca_pileup_15277.txt MSF: 165 Type: P January 28, 2010 10:16 check: 6593 ..

Name:

D _MLImar

MName:
Mame:

===

Da_norse
DO_nNorse

Name :

00 _MLman

Name:
Name :

=

b5 Eegga

f

Wame: Igbl sovybn

/i

hba_human
hba_horse
hbb_horse
hbb_human
glb5_petma
myg_phyca
abl_soybn

hba_human
hba_horse
hbb_horse
hbb_human
gqlb5_ petma

EQ _phyca
1_soybn

hba_human
hba_horse
hbb_horse
hbb_human
glb5_petma

1663 Soyon

hba_human
hba_horse
hbb_horse
hbb_human
ql1b5_petma
myg_phyca
gbl_soybn

1

e
s
meraeramerarani NI}
e e
PIVDTGSVAP
et

51
yfphf.dls
YFPHF.DLS
FFDSFGDLS
ffesfodlst
FFPKFEGLTT
kfdrfk 1kt
1fsflan...

101

V.o hahkhr
L...HAHKLR
L...HCOKL
Jui cdkl
LS K AKSFO
lagshatkihk
Ivsihagkaw

151

stwvitskyr-
STYLTSKYR~
ALALACKY =
arala ky =~
CILLRSAY ~=~
rkdiaakyke
aaaikka~—

Len: 165
Len: 165
Len: 165
Len: 165
Len: 165
Len: 165
Len: 165

Ispadktivk
LSAADKT WK
LSGEEKAAVL
ltpeeksavt
LSAAEKTKIR
Isegewq vl
frekgealvs

. nsagy
..... qSAGV
PCAVMGHPRY
pdawvmgr pkv
ADDLEESADY
eaemkased|
LOwvdptnpkl

vipvnfklls
VDPVIFKLLS
VDPENFRLLG
vdpenfrillg
VDPOYFKVLA
ipikylefis
tdpg. fvwwk

165

Check: 1231 weight:
Check: 2167 weight:
Check: 9310 weight:
Check: 208 weight:
Check: 2079 weight:
Check: 4320 weight:
Check: 7278 weight:

aawokvoa a
AAWSEVGEHA
ALWDEY . .NE
alwgkv. .nv
SAWAPVYSTY

wwakveadwy
ssfeafka i

ko okkvada
BA L CREW GO,
EAHGKEVLHS
kahokkvlga
Rw AERII"A
kkiogvtvita
tohaeklfal

cllvriaa
CLLSTLAY
YLVVVLAR
vivevla
AVIADTVA. .
eaiinvlnsr
eal lktikea

geygaealer
GEYGAEALER
EEVGGEALGR
devgoealgr
ETSGVDILVE
aghggdilir
paysyvfyns

Itrnavalivdd
LTLAVGHLDD
FGEGVYHHLD

fsdglahld

WiDAVASMDD
1g...a1lkk
vrdsaggl.k

|paeftpav
LPLDETPAWV
FGKDFTPELQ
fokeftppvg
....... AGD
podfoadag
voorwsdels

.00
.00
.00
.00
.00
00
.00

el ot ol ot ot i

50
mflsfpttkt
MFLGFPTTET
LLVWYPWTOR
1 Tvwypwrgr
FFTSTPAAGE
1 fks petle
1 lekapaakd

100
mpalsalsd
LPGALSHNLSD
LEKGTFAALSE
lkogtfatlse
TERMSMELRD
koeaelkp
trgtvwadaa

150
asldkflasy
ASLDKFLSSY
ASYORWVVAGY
aayokvvaoy
AGFEELMSMI
gam-kalelf
sawevayde |

loug Brutlag 2010



http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pretty-prot
http://creativecommons.org/licenses/by/3.0/
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=pretty-prot

SeqWeb v, SeqWeb Pileup Dendrogram

http:/ / seqweb.stanford.edu:81/ gcg-bin / analysis.cgi?program=pileup-prot

Mult?ple EEqueﬂae HlfgﬁmEHt DEﬁdPGQPGm JGHUGPH 28, 2010 10016
- |

ughios™T9bT
pofid B
pwyad-cgTh
LPUWNL g gy
SESOU I
Ny te
LSWny oY
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SeqWeb v, SeqWeb Pretty Input

http:/ / seqweb.stanford.edu:81/ gcg-bin / analysis.cgi?program=pretty-prot

| Pretty 2

Align several peptide sequences and calculate a consensus.

S DR Select From: | Defauit [ $] ( Project ) ([ Local File ) ( Clipboard ) [ Database )

myg phyca myg_phyca P 153 1 .. 353
. glb5 petma.pep ID GLB5_PETMA STANDARD; PRT; 149 AA. P 149 1..149
hba human hba_human P 141 1..141
hba horse.pep ID HBA_HORSE STANDARD; PRT; 141 AA. P 141 1..141
hbb horse.pep ID HBEB_HORSE STANDARD; PRT; 146 AA. P 146 1..146
lgbl soybn.pep - ID LGB1_SOYBNMN STANDARD; PRT; 143 AA. P 143 1..143
hbb human hbb_human P 146 1 ..146
{ Refresh J { Clear }

‘ Input Parameters:

Select a sequence comparision matrix. This matrix determines how matches and mismatches are scored. The default
penalites for gap creation and extension are given after each matrix name.

Scoring Matrix [blosumé2 %
Set gap creation penalty 8
Set gap extension penalty 2

Limit the maximum input sequence range only when needed. Setting a higher limit allows you to align longer sequences
while setting a lower limit allows you to add more and longer gaps to each sequence.

5000
{range 1 thru 7000)

Limit the maximum number of gaps only when needed. Setting a higher limit allows you to add more and longer gaps
to each sequence while setting a lower limit allows you to align a greater number of sequences.

Maximum input seguence range

2000
(range O thru 7000)

Maximum number of gap characters ('.' and '~") added to any sequence

Display consensus only at completely conserved positions in the alignment

=
show positions agreeing with the consensus in upper case )
At each column in the alignment: display alignment only at positions that disagree with the consensus &
none of the above e
are identical =
Count residues toward consensus that 2re similar O
"
are somewhat similar s
Minimum number of votes required for a consensus (2 s

(Run){ Fleset:f

@ @ Doug Brutlag 2010
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4 Pretiy Reswilits

Plurality: 2 .00 Threshold: <4 Acxcaeiawedght 1. O sovcemartch 2.78 AT SMAaT

COoONSensus Seguenc e

Symbol comparison table: share_matrix:blosum&a? . cmp CompCheck: 13102
1 ﬁWEight: 8
GapLengt weight: Z
Fileup MSF: A16S Twpe: P January 28, 2010 1022 Check: &6%593 ..
Mame : hba_human Len s 165 Check: 1231 wedight: A .0
Maume - e se . ey e s 165 Checlk: 21667 WEjght: A O
MMaoume © ﬁu RO TS e . vepy Lern = 165 Check: 93310 wWel ght: I
NMame @ hbb__human [ =Y g 1 165 Check 208 weight = A .
Mame: glbs Eetma-geg Ler: 165 Cheaeck: 2079 wedght = A .0
HMame: myg  prhywca Len s 1685 Checkk: 4320 WEight; A . Oy
Mame: JTgbl sSsowbn . preps =T T 1685 Check: F2FE weight = A .
e
i Sk
a_ human —————eaevey I spadkt vk aawokwvoa a ogeyvoasaler mfilsfprooko

(gl=]

hba_ horse
hbb__ _horse
hibebE_ human
g?bS_pEtma
m __phwca
ggi_ﬁuybn
COoONSensus

hbBa_ human
hba_horse
hbBb_horse
bbb human
g?bS_pﬁtma
m __phwca
1ggg_ﬁnybn
CoOnNnsenswus

hba__human
hba_ horse
hbb__horse
hibE_ human
g?bE_pﬁtma
m __phwca
ggg_ﬁnybn
CONSensus

hiba__human
hba horse
hbb__horse
hbeb__human
g?bS_pEtma
m __phwca
1ggi_ﬁnybn
COoONSaensus

PR AP s W
e e e e e e e B
PIWDTESWAP

T e

e AL
AAAAAAAA T
e
wifphf.odls
W FEPF.DLS
FrFDSFGDOL S

kEfdrfk Tkt
IFfsfFflar. . .
FEFP—-—F—DLST
13

l o = ErE@EK T
L. . . HAHEKELERE
| B R

1 - - - rodikc]
L Saa kb S O
lags athk k
lws1ilagkaw
L———Ha—KL—
151

sStTtw il tsky rr—
STWLTSEK TR~
A AL A R
a ala kEwyw —
CTILL RSAY ——
rkdi aoboywbo=
aaal kka———
A=A 8SE Y ——
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Ilcpeaksawt
LSSaAaFRETERIR
Isecgewecy 1wl
Ffrekgealws
LS=MFKT—="7"w-—

Ppdasvimog o e ROow
AL RS
caaemkased |
-Owdptr ol
P—Aa0 — i 5 — W

Fl1l1s
FELLS
wDPFPE~NFRLLG
wdpenfFrl11g
R T = Py = N
Tipikylefis
tdpog .. Fwwwk
WwWDP—WFELLS

1685

LV e Ly
WP

A AN SRS
Al WwWES . . E
a lwoghkw - - i
S5AWA P YT ST T

WA kv a o
ssfeafka 1
O — P, =

okkwadcda
=] L Pl T
SRR S
gkkw lga
Faw AERTIT I A
Kk aogwotw lta
ol aasklfal
L, [ P T

kg
s
R,
ka

cliwrtlaa
CLLSTLANW
T A R
wllwewila
I N e T T
egaiihwlh sr
eal lktikea
=L WTT IS —

GEYGCAaEAL ER

EEwWizzEALGR
dEU“ﬁEE];F
ETSGWET LWk
ao i 1o
pqyﬁvvfy =
=EYiz=EBEAL —R

Iltnawa wdd
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S EGW LI»
FfsdgTanld
O O SN D

1g. -...ailkk

wirdsaggl -k
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Ilpaesfrpaw
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FoSEDFTPFELCO
f keftppvq
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v;; WEdE]S
== =F T PANW

MELEFPT TET
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1 1w it o
FETSTPAMALE
1 Fkshperlae
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1
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| eae | ko
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DeCypher

Decypher ClustalW Input
http:/ /decypher.stanford.edu/

TimeL.ogic

biccomputing solutions

ClustalW Search on DeCypher
Protein Sequances

DeCypher

@ Job Description: |CIustaIW Search on DeCypher Protein Sequences
@ E-mail Address: |
@ Return Results: |To your web browser  ¥| As: lWebPage |
Isters,n’brutlangata & An: Browse... |

GOk e e L o

® i the tadt box.
Use Example Query

D Submit |
@ Job Options: _Hide |
@ KTuple Size: |1 (@ Gap Separation Distance: |S
® Window Size: |5 ® End Gaps: [OFF ~|
@ Pairwise Gap Penalty: |3 @ Transition Weight: |:’.}.5
@ Gap Open Penalty: |10 (6] Top Diagonals: |5
@ Gap Extend Penalty: |0.f_}5 @ Score: Im
@ Matrix: Im @ Show Sequence #s: m
® Hydrophilic Residues:  [GPSNDQEKR @ Output Order:  [ALIGNED ~]
@®  Residue-Specific Gaps: [ON x|
® Hydrophilic Gaps:  [ON =]
@  MNegative Matrix Values: Iﬂ

@ @ Doug Brutlag 2010
s mv |
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) DeCypher

' Home Page

Decypher Clustal W Results

http:/ /decypher.stanford.edu/

Build HMM Model | Click once!

Results for Job CGl_Temp2623732f208
ClustalW Search on DeCypher Protein Sequences

View dendrogram

GLB5_PETMA
HBEA HORSE
HEA_ HUMAN
HEB_HORSE
HEB_HUMAN
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PIVDTGSVAPLSAAFKTKIRSAWAPVYSTYETSGVDILVEFFTSTPARQEFFPEFEGLTT
--------- VLSAADKTNVEAAWSEVGCHACGEYGAEALERMFL.GFPTTETYFPHF -DL.SH
--------- VLSPADKTNVEAAWGEVGAHAGEYGAERALERMFLSFPTTETYFPHF -DL.SH
-------- VOLSGEEKAAVLATLWDEV--NEEEVGGEALGRLLVVYPWTQRFIDSFGDLSN
-------- VHLTPEEKSAVTALWGEV--NVDEVGGEALGRLLVVYPWTQRFIFESFGDLST
-------- GALTESQAART.VESSWEEFNANIPEHTHRFFILVLETAPAAKDLI SFLEGTSE
--------- VLSEGEWQLVLHVWAKVEADVAGHGODILIRLFKSHPETLEEFDRFEELET

ADQLEESADVRWHAERITNAVNDAVASMDDTEE --MSMELRDLSGEEAKSFQVDPQYFEV

----- GESAQVEAHRCEKEVGDALTLAVGHLDD == =--LPGALSNLSDLHAHELRVDPVNFEL
----- GSAQVEGHGEKEVADALTHNAVAHVDD = ===-MPNALSATL. SDLHAHELRVDPVNFEL
PGAVMGNPEVEAHCEEVLHSFGEGVHELDN == === LEGTFAALSELHCDELEVDPENFRL
PDAVMGHPEVEAHCEEVLGAF SDGLAHBLDN == === LEGTFATLSELHCDELEVDPENFRL
VEQ--NNPELQAHAGKVFELVYEAATQLOVTGVVVTIDATLENLGESVEVSE-GVADAHF PV
EAEMEASEDLEEKHGVTVLTALGAILEKEGH== === HEAELKPLAQSHATKHEIPIKYLEF
LAAVIADTVAAG= == —————— DAGFERLMSMICILLRSAY === ===

LSHECLLSTLAVELPNDFTPAVHASLDEFLESVSTVLTSKEYR======
LSHCLLVTLAAHLPARFTPAVHASLDEKFLASVSTVLTSKEYR======
LeNVLVVVLARHEFGEDFTPELOASYQEVVAGVANATLAHEK Y- == ===
LGNVLVCVLAHEFGEEFTPPVOALRY QRKVVAGVANATL AHK Y- == ===
VEEAILKETIEEVVGARKWSEELNSAWT IAYDELATVIEKEEMNDAR - -~
ISEATIHVLESRHPGDFGADAQGCAMNEATEL.FREDIAARKYEELGY QG
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EBI| » Tools » SD-:I.JD"ICQ p“-"lﬁ':.-E % 3 Clustany
ClustalW
ClustalW is a general purpose multiple sequence alignment program for DMA or proteins. It produces

biologically meaningful multiple sequence alignments of divergent sequences. It calculates the best match
for the selected sequences, and lines them up so that the identities, similarities and differences can be seen.

. Evolutionary relationships can be seen via viewing Cladograms or Phylograms. New users, please read
the FAQ.
. >> Download Software _ﬁj _!J QJ
YOUR EMAIL ALIGNMENT TITLE RESULTS ALIGNMENT CPU MCDE
I Igequence Iinteractive | |fu|l d |5ingle hd
. KTUP WINDOW SCORE TYPE TOPDIAG PAIRGAP
‘ (WORD SIZE) LENGTH
Idef R Idef | Ipercent | Idef R Idef d
MATRIX GAP OPEN END GAP GAP
GAPS EXTENSION DISTANCES
def | Idef R Idef | Idef R Idef R
. QUTPUT PHYLOGENETIC TREE
OUTPUT OUTPUT TREETYPE CORRECTDIST. IGNORE GAPS
FORMAT ORDER

|alnw,l’number5 | |alignedj |n0ne | Ioffj Icffj

Enter or Paste a set of Sequences in any supported format: Help

Upload a file: Browse... | Run | Reset |
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Alignment

Show Colors View Alignment File

CLUSTAL W (l.83) multiple segquence alignment

HBA HORSE = ========= VLSAADK THNVEAAWSEVGGHACEY GAEALERMFLGFPTTRTYFPHFDLS == 49

HBA HIMAN @ ==ecccee- VLS PADK THVEAMNGEVGAHAGEY GAEALERMFLSFFTTRTYFPHFDLS == 49

HBB HORSE = ~  ======== VOLSGEERARVLALWDEVH=-=EEEVGGEALGRLLVVYPWTORFFDSFGDLSNH 50

HBB HUMAN @~  —=—cea=- VHLTPFEERSAVTALWGEVH--VDEVGGEALGRLLVVYPWTQRFFESFGDLET 50

GLB5_ PETMA PIVDTGSVAPLSARER TR IRSAWAPVYSTYETSGVDILVEFFTSTPAAQEFFPEFREGLTT 60

MYGE PHYCA @ ========= VLSEGEWQLVLHVWARVEADVAGHGODILIFLFESHPETLERFDRFEHLET 51
‘ LGBZ LUPLU  ======aa GALTESOARLVESSWEEFNANIFRHTHRFFILVLEIAPARRDLFSFLEGTSE 52

& - * w - - | ] r -

HEA HORSE ====HE5AOVEAHGREVGEDALTLAVGHLDD===== LEGALSHNLSDLHAHRLEVDEVHFEL 100

HBA HUMAN == == ESAOVRCGHCEEEVADAT THNAVAHVDD == === MPFNALSALSDLHAHKLEVDPVNEERL 100

HBB HORSE PEAVMGHNPEVEAHGEEVLHSFCEGVHHLDN ===== LEGTFAALSELHCDELHVDFENFRL 105

HE2 HUMAN POAVMGHPEVEAHGREVLGAF SDELAHTL DN ===== LEGTFATLSELHCDELHVDFENFRL 105

GLB5 PETMA ADDLEESADVEWHAERT INAVNDAVASHMDDT=--ERMSMELRDLSGRHARKSFOVDPOYFREY 118

MYE PHYCRH EAEMEASEDLERHGVIVLTALGATLEFRGH=-==== HEAELEFLAQSHATEHRIFPIKYLEF 106

LGBZ LUFLU VE==0NNFPELOAHAGKVEFRELVYERAATQLOVTEVVVTDATLENLGSVHVSEGVAD-AHFFV 109

& W - - W k. -

HBA HORSE LsHCLLSTLAVHLPHNDE T PAVHAS LDRF LS SVSTWVLTSRYR====== 141

HBA HUMAN LsHCLLVTLAAHLPAEF TPAVHAS LDRF LASVSTVLTSRYR====== 141

HBE2 HORSE LGHVLA W LARHFGRDEF TPELOAS YO RKVVACVANATAHRYH--———— 146

HE2 HUMAN LeMVLVCVLAHAFGCREFTPPVOAN Y O ACVANATAHE Y === 146

GLB5 PETMA LAaAVIADTVAA === === DAGFERLMEMICILIRSAY ======= 149

MYG PHYCA ISEAITHVLHSEHPGDFGADADGAMNFALELFREDIARRYRELGYDG 153

LGBZ LUPLU VEEAILKTIREVVGARWSEELNSARTIAYDELAIVIEEEMNDAR === 153

* * * *
- - - w momom ] "

PLEASE NOTE: Showing colors on large alignments iz slow.
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