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Central Paradigm of Molecular Biology
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Discovering Function from Protein Sequence

© Doug Brutlag, 2000

Sequences of Common
Structure or Function

v
Seguence Alignments
10 20 30 40 50
VL SPADRKTINVKAAWEKVGAHAGEY GAEAL ERVEL SERPTTKTYEPHE- - - - - - DLSHGS

R R R R R B 0 1 10 IR s I I I
HLTPEEKSAVTALWEKV- - NVDEVGGEAL GRL LVVYPWIQRFFESFGDL STPDAVVGN

10 2A0) 30 40 50 g



Discovering Function from Protein Sequence

Consensus Sequences

Zinc Finger (C2H2 type)
C{2,4} C{12} H {3,5} H

Sequences of Common
Structure or Function

v
Seguence Alignments
10 20 30 40 50
1 VL SPADRKTINVKAAWEKVGAHAGEY GAEAL ERVEL SERPTTKTYEPHE- - - - - - DLSHGS
RIS [ I [ W 308 [ (R [N R [E
2 HLTPEEKSAVIALWEKY- - NVDEVGEEAL GRLLVVYPWI QRFEESEGDL STIPDAVMEN

10 2A0) 30 40 50 g
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Discovering Function from Protein Sequence

Position Specific Scoring Matrix
Zinc Finger (C2H2 type)

. C.{2,4} C {12} H. {3,5} H
Posi tion
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Discovering Function from Protein Sequence

BLOCK, Weight Matrix or Consensus Sequences
Position Specific Scoring Matrix
Zinc Finger (C2H2 type)
C {2,4} C {12} H{3,5} H

Posi ti on
1 2 3 4 5 6 7 8 910 11 12
A 2 1 3131012 67 413 9 1 2 Profiles, PSI-BLAST
R 7 5 8 9 4 0 116 7 0 1 0 Hidden M arkov M odels
N O 8 0O 1 0 0 0 2 1 110 O
D O 1 0 113 0 012 1 0 4 0
C 001 0000UO0TUO02 2 1 Sequences of Common
1 121 810000 76 0 0 24— gtrycture or Function — > (52 e
E 2 0 0 921 0 015 7 3 3 0 )
G 9 7 1 4 0 0 8 0 0O 046 0
H 4 3 1 1 2 0 0 2 2 0 5 0
| 10 011 1 210 0O 4 9 3 0 16 1 12 a 14
L 16 117 0 131 0 311 24 0 14
K 3 4 510 112 1 1 13 10 0O 5 2 f f f
M 7 14 1 0 0 0 0 0 5 7 1 8
F 4 0 3 0 0 4 0 0 010 0 O AAL(— AAZ|—| AAS|—| AA4|—p| AAG(— AAG
P 0O 6 0 1 0 0 0 0 0O 0 O O
S 117 0 8 3 1 3 0 2 2 2 0
T 522 311 1 5 0 2 2 2 0 5
W 2 0 0 0 0 0 O0O0O0 1 0 1 v
Y 1 0 4 2 0 1 0 0 2 4 0 1 ,
V 6 3 1 1 215 0 0 212 0 28 Sequence Alignments
10 20 30 40 0)
1 VL SPADKTNVKAAWGKVGAHAGEYGAEAL ERVFL SFPTTKTYFPHF- - - - - - DLSHGS
10 I o 5 N 1N R [
2 HL TPEEKSAVTALWEKV- - NVDEVGGEAL GRL L VVYPWI QRFFESFGDL STPDAVMVEN

10 2A0) 30 40 50 g
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Data Mining

http://www.calvinandhobbes.com/

WHY ARE YO IM LOOKING
 DIGGSING A HOLE? FOR BURIED
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Data Mining

http://www.calvinandhobbes.com/

WHAT HANE
You FOUND ?

A FEW DIRTY ROCKS,

A WE\RD ROOT, ANV

SOME DISGUSTING
GRURS.
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Data Mining

http://www.calvinandhobbes.com/

ON YOUR
FIRST TRY P”

THERE'S TREASURE |
ENERNWHERE /




Prosite Consensus Patterns
http:.//www.expasy.ch/sprot/prosite.htm

=Active site of trypsin-like serine proteases
GDSGG

«=Zinc Finger (C:H> type)
C {2,4} C {12} H {3,5} H

< Homeobox Domain Signature
ILIVMFE] {5} [LIVM] .{4} [IV] [RKQ] . . W .{8} [RK]

© Doug Brutlag, 2000 g



The Optimal Way to Develop Patterns

http:.//www.expasy.ch/images/cartoon/prosite.gif

Bugitte Boeckhmann -~ TERY
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Generating Motifs from
Aligned Protein Sequences

TEAESNMNDPVAEYQQY
TDARQDLYELEVDYANL
TEAREN 1 AVLERDFEEV
TEAESNMNDLVSEYQQY
TEVRANMNDLVAEYQQY
SEAESNMNDLVSEYQQY
TEAREDLAALEKDYEEV
TEAREDLAALERDY IEV
SEAREDLAALEKDYEEV
AEAREDLAALEKDY IEV
SEAREDLAALEKDYEEV
SEAREDLAALERDYEEV
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Generating Motifs from
Aligned Protein Sequences
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Generating Motifs from
Aligned Protein Sequences

TEAESNMNDPVAEYQQY
TDARQDLYELEVDYANL
TEAREN1AVLERDFEEV
TEAESNMNDLVSEYQQY
TEVRANMNDLVAEYQQY
SEAESNMNDLVSEYQQY
TEAREDLAALEKDYEEV
TEAREDLAALERDY IEV
SEAREDLAALEKDYEEV
AEAREDLAALEKDY IEV
SEAREDLAALEKDYEEV
SEAREDLAALERDYEEV

TEAREDLAALERDYEEV
S K 1
A
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Generating Motifs from
Aligned Protein Sequences

TEAESNMND 'VAEYQQY
TDARQDLYELEVDYANL
TEAREN1AVLERDFEEV
TEAESNMNDLVSEYQQY
TEVRANMNDLVAEYQQY
SEAESNMNDLVSEYQQY
TEAREDLAALEKDYEEV
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Amino Acid Substitution Groups
Based on Physical Properties

Only allow groups of amino acids
sharing some chemical or physical property

Group
AG
ST
PAGST
QN
QONED
KR
VLI
VLIM
A
KRH
DE

Property

Tiny

Hydroxyl

Small
Glutamine/Glutamate
Acidic/Polar
Strongly Basic
Small hydrophobic
Small hydrophobic
Aromatic

Basic

Acidic

Tl



Allowable Amino Acid Substitution Groups

FILMVY

N

FILMV FILVY

FLY FWY

FY/ HY

N\

L F W Y
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Finding eMOTIFs
http://motif.stanford.edu/emotif-maker/

M o EMOTIF MAKER
A EMOTIF SEARCH
EMOTIF SCAN

BIOCHEMISTRY, STANFORD UNIVERSITY
3IMOTIF

Craig Newill-lv Imnm;,r Thomas ¥Wu, and Douglas Brutlag,
Bicinformatics Group.

simpLe B
v

ADVAN fED%—- Enter aligned sequernces:

LY L LR o N | l...l- INARRIUC T -l...l"'
WD IEMEAGF 5505 YFTO S YRRRFGCTR S04
TUBULIN WTOTAYRCGFSOSNHFSTLFRREFNYSPROT
EXAMPLE WTE & YRCGFGOSHHF STLFRREFHWSPROT
YF)ISHRCGFGSNAYFCOY MTPSOF
W) ISHRCGFGSNAYFCDA MTPSOF
:mm.: TTETALDYGFLHLGRFAEN YR SAFGELPSOT
ITEIALDYGFLHLGRFAENYRSAFGELPSOT

ITEYALDYGFLHLGRFAEK YRSTFGELPSOT
MULTIPLE WTEMALDYGFFHTGRFAENYRSTFGELPSOT
FANTASTIN ST |[VTEMALDYGFFHTGRFAEN YRSTFGELPSOT

SPONSORS | Find motifs | | Tree | | Histogram ' | Clear form |

HELP
_n atifs must match |T o of sequences, [¥ Draw score cantours

Tl
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Histogram of Amino Acid Freguencies
http://motif.stanford.edu/emotif-maker/

M o EMOTIF MAKER
A EMOTIF SEARCH

EMOTIF SCAN

BIOCHEMISTRY, STAMFORD UNIVERSITY

Blla
il
| S

H ! 5
A & 5 |8 (TP

3IMOTIF

Tl




Motif Dendrogram
http://motif.stanford.edu/emotif-maker/

CMOTIE

BIOCHEMISTRY, STAMFORD UHIVERSITY

Tree caleulation by Tom W, Java by Craig Newvill-Manning

-

© Doug Brutlag, 2000

N
EMOTIF MAKER

EMOTIF SEARCH
EMOTIF SCAN
3IMOTIF

IVDIAMEAGE 330 5TF TO STRREFGCTE S04
IVDIAMEAGE 330 5TFTOSTRRRFGCTE 3004
IVDIAMEAGE 330 3TF TOSTRRRFGCTE SRS
IFDIAMDLGYYI0OTE SEYFRROFDETE SDY
IIDTASEWGIRSESALVEGTREQFNEAP SET
ITETALDYGFLHLGEF AENTR SAFGELESDT
ITETALDYGFLHLGEF AENTR SAFGELESDT
ITEYALDYGFLHLGEF AEK TR STEGELESDT
VTENALDYGEFHTGRE AENTR STFGELP SDT
YTENALDYGFFHTGRF AENTR STFGELPSDT
VTELAORWSE LHYGRF AGETEQTE GV SP SED
VEDAAIOWGEWHLGOF ATDTOOLE SEEPSLT
T3ATSTHRGEWVGYRE SPGIAPALLGIPAHE
TARTSN3WGE SDESLAF SEAFENTFGE SP SEF
YOS TANITYGYEDSETE SKAFKRT SGASPSTY
YEEYADTLNEFDSFHE SEAFEHEFGTAP SAY
YTDIATRCGE SDSNHE STLERREFNWSPRD I
YTEIAYRCGEGDSNHE STLERREFNWSPRD I
NV STVATRYCTSPAHF STAFRERTGISPSET
YEEYAHACGEVDSNTFCELFRENTERSPSET




eMOTIFs Generated from the

Helix-turn-helix Region of the LysR Family

© Doug Brutlag, 2000

Mo EMOTIF MAKER
A EMOTIF SEARCH
EMOTIF SCAN

BIOCHEMISTRY, STANFORD UNIVERSITY
3MOTIF

The score represents the number of bits saved if the sequences were transmitted with
respect to the motif. For practical purposes, though, just the ranking is significant,

score matches expected motif

L 102 o g TR R SR

w1 3l 102 Q.[u-...-]..[i-...-] QFilvy]eeenFoufuonnn [5E]p. . [F0y]
102 QG vl alFivgT e e e [st]p. . [Fy]
10 G.[i'-.-']..[i'-.-']....g[Fil'-.-';.'] ..... Fit i s [st]p..[Fwy]
102 QU] [T OTFY e oFonoFoeeen [t 0 [FUY]
109 RG]e. [T ORI e TR Fanns [et]p. . [Filvy]

10 R[] [iv].. . g[Fily]. e [YTF. e Faeenns [=t]p. . [Fuy]

Q il [iv]e LR e o4 e [t Tp . T0Y]

QR Lite]. [T BRI e 4F e Fee [st]p. . [Fy]

Q Lo [ivT e LRI e e, [at]p. . [Fuy]

Q Lilv]..[ivle. o ag[fy]e .  ydfe o fon, C=tlp.. [Pyl

Q Gilvl..[iv]e v g [fyle o s hydfe . F LD [zt1p. . [Filvy]

Q [iv]. . [ivIst]. . GLFFT oo oFoe . R TKET . TFYT 34T

Q rit]. . [ivimst]. . .alFilvy wlF.. . [F¥].. . [Fy]. . [st]p...
Q it . [ivImst] . . GFUIVET e 5 ee . Y] TP e

Q Lilv]..[iv][@s]...olFilvy].s. [@s] (hylf. [Fy]. . [ReD . [et DD

Tl



PRINTS & Block Signatures

http://www.blocks.fhcrc.org/

| NKH Q IHSCEQ_AETLGMSRAAI NKHI G SRAAI NKHI VA
VSRVWN \VTL YDVAEYAGVSYQTVSRVVN VSYQTVSRVWN
ASRALM AM KDVAL KAKVSTATVSRALM VSTATVSRALA
VSHVI N ATI KDVAKRAGVSTTTVSHVI N GVTTTVSHVI N
VSAI LN | TI YDLAEL SGVSASAVSAI LN SGVSAVSAI LN
1()_ 15 | RRDLN 25_ 55 L HL KDAAAL L GVSEMTT RRDLN 40_ 45 GVSEMIRRDLN
THVRVE TAYAEL AKQFGVSPGTI HVRVE TAYATI HVRVE

» | GSSELA »  |GSLTEAAHLLGTSQPTVSRELA GSQPTVSRELA
MTRGSN VBQRELKNELGAGH ATl TRGSN VBl ATl TRGSN
VGRI LK | TRQEI GQ VGCSRETVGRI LK | SRETVGRI LK
LSHLFR FDI ASVAQHVCL SPSRLSHLFR FDI SRLSHLFR
LAHLFR L Rl DEVARHVCL SPSRLAHLFR LRPSRLAHLFR

| SRLLG MIRGDI GNYLGLTVETI SRLLG MTVETI SRLLG
LHRLEK L EALADQVGVBPFHL HRLFK TLEFHLHRLEK

Attwoeod, T. K., et al., (2000).
PRINTS-S: the database formerly known as PRINTS.
Nucleic Acids Research, 28(1), 225-227.

Henikoff, J G., Greene, E. A., Pietrokovski, S. and Henikoff, S. (2000).
Increased coverage of protein families with the blocks database servers.
Nucleic Acids Research, 28(1), 228-230.

© Doug Brutlag, 2000
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|dentifying Protein Function with éMOTIF

© Doug Brutlag, 2000

http://motif.stanford.edu/emotif-search/

M EMOTIF MAKER
EMOTIF SEARCH
EMOTIF SCAN

BIOCHEMISTRY, STANFORD UNIVERSITY
MOTIF

Craig G, Nevill-Manning, Thomas D), Wu, and Dauglas L, Emtlag,
Bivinformatics Group,

Enter SEqUence;

PRI R DL TR L N DL DI D s ) L

EL FP RHSAF SHNGNHGHHNNNNHNNN T AH00000055
00SOTO00QOHIT ST STSTTHICH IOPFGGYETOS SLSHRR
SRPPPRRPPPPOLRYRSEYEIDFMELEFGOT IGKGFFGE
VICRG W RETOVATE TTYROOFKTK SSLYMFONEYGIL SKL
RHPNYYF LGACT A5G EDHHC TV'T EYMG5G SLROFLTOH
FMLLEQNPHIRLKLALD TAKGMNYLHGHTPP ILHROL S SR
MILLOHN IDPKNPYY S 5RODTECK TSOFGL SRLKK EQAS
OMTOSYGE TP MAR EY FKG0SHS EK SOV Y5 YGMYLFELLT
SOEPQODMEPMKMAHLAAYES YRPP TPLTT S SKWKETLT
(CHOSNPDSRPTFEQ TIVHLE EMEDDGY 5 SFASYPYOTID

4h |

(2.5,
B ACPVESCDERFSRSDEL TRHIRIHTGOKPFOCRICMENFSRESDHL T THIR THTGERPEACTICGH

| Identify Protein || Clear form |

Spensored by National Library of Medicing and Smuthilline Beacham



Identifying Protein Function with eMOTIF Search

http://motif.stanford.edu/emotif-search/

I
M EMOTIF MAKER
EMOTIF SEARCH

BIOCHEMISTRY, STANFORD UNIVERSITY
3IMOTIF

At a stringency of at least one in 1010 (no false positives expected) no matches,
At a stringency of at least one in 10° (no false positives expected) no matches,

At a stringency of at least one in 108 (no false positives expected)

Name  Description Motif Specificity
TYRKINASE TYROSINE KINASE CATALYTIC DOMAIN SIGNATURE @ riim1. .cn... ... rp.f 1p-8.2
positions 1537-1552 o RPPIPLTTSSKEMEEILTQCRDSNPDSRPTRED ITVHLE EMEDOGY . . .

At a stringency of at least one in 107 (no false positives expected)

Name Description Motif Specificity
FROTEIN KINASE ATE Protern kanases ATP-binding region proteins, G\ [hy]rd[i1v] .. .0 [Filme] [ilme] 10°7
positions 1414-1425 - « . AEGMNYLHGHTPP ILHROL S SRNILLOHN IDPKHPYY 55RO, . . 400
q.wi...ggw 1074
positions 1243-1253 e SHOOHITSTSTSTTHER IDP FOGYETO S SLSHPPSRPPP. ..

At a stringency of at least one in 108 (expect one false positive)
Name Description Motif Specificity
FROTEIN KINASE ATE Proten kinases ATP-binding region proteins, q [Filmey]. [hy].d[Filme]. . .0, [Filme] [Filmvy]

positions 1412-1425 . « .DTAKGMN YLHGHTPPTLHRDL S SRN ILLDHNIDPENPYY 5SRO, .. 400




Mapping Sequence Motifs to Structural Motifs
http://motif.stanford.edu/3motif/
EMOTIF

MO T IDENTIFY

RD DIMEN ALION
3 HEMISTRY. STANEO S,' N HOME

Watif:
KR].F[ILIV]FILMV YD [DMN]. L

Select
“lblack :13-33
# | cansered

# | eroatif -

] all
. "‘f'

olor
#| rasmol 'aminag' color cade

“red

.-"-..
& Bray | |
%l all gray | t j
%] chain | -
¥ ligg_ndﬂ ‘
*| custormn coloring

wli ﬂ.l:ﬂ
b :::IJE_EE!-ﬁlliﬂE
=| ribban

@I | reset to default



3MOTIF Labeling
http://motif.stanford.edu/3motif/

© Doug Brutlag



Seguence Redundancy In
Prokaryotic Helix-Turn-Helix Motifs

Sequence
RCRO$LANVBD
RCRO$BP434
RCRCHBPP22
RPC1$LANMBD
RPC1$BP434
RPC1$BPP22
RPC2$LANVBD
LACR$ECOLI
CRP$ECOLI
TRPR$ECOLI
RPC1$CPP22
GALR$ECOLI
Y77$BPT7
TER3$ECOLI
VI VB$BPT7
DEOR$ECOLI
RP32$BACSU
Y28$BPT7

| MVRE$ BPPH

&

FGQT
MTQT
GT QR
LSQE
LNQA
| RQA
LGTE
VTLY
TQQ
MS QR
G QR
T1 K
SHR
TTR
Y QA
HLK
TLE
S NV
TLE

Py

wmxr- O & >

> 0w moO = AWWOUOAMmMMmMOTANZ>>MO0V>MA

< E < rIOmEFBE<<FBE - < dF8 B << B -y

Turn

KAL GI

QKV GT
KMV GV
EAV GV
EYAGYV
Ql VGC
NEL GA
DAL GI
RLAGYV
ELYGV
QKL GV
QQL GG
ALL GV
GKVFGV

%

L

>0 > A0>2>0>>>>P

>

ARTY GV
AGAL GI

Hel 1 x

SDAA

DKMGMGQS G

TQQS
SNVA
DKSOQ
SYQT
SRET
GI AT
NN =e)
SVAT
SQST
EQPT
TQS A
SEMT
TRER
SQQT
QV S A

KDLGVYQSAI
TKAGVKQQS |

\%
\%
I

I
I
\Y
\%
I
I
V
I
L
A

NKAI
QLI E
S QWK
GALF
EQLE
S QWE
S R WK
SRVV
GRI L
TRGS
S R WK
SRV I
TRI L
Y WH V
SQI D
RRDL
RQI E
CDI R
VGEE

I X > Z2MXO0Z60Z2ZX"ZI002Z2ZMmM2>I

© Doug Brutlag, 2000



ICES

Matri

Scoring

http.//expasy.hcuge.ch/www/tools.ntml

ITIC

Ition-Spec

Pos

10N

Posi

1 2 3 4 5 6 v 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

2 1 313101267 413 9 1 2 4 3 615 4 4 411 O 10

7 5 8 9 4 0 116 7 O 1 O 116 6 6 0 11 28 3 O 16

0 8 01 6 00O 21 1210 0 7 1 3 1 0 4 8 0 111

0 1 0 113 0 012 1 0 4 0 1 2 O O O O 1 1 O 3

0 01 o 0o 0OOOO 2 2 1 0 O0O0O0OO0OO0ODTO0OT1IO0 O

1 122 810 0 0 7 6 0 O 2 117 ¢ v O 212 5 2 4
2 0 0 921 0 015 7 3 3 0 1 611 O O 2 O 1 13 ©6

9 7 1 4 0 0 8 0 0O 046 0 6 O 7 1 0 3 1 1 0 4

4 3 1 1 2 0 0 2 2 O 5 0 3 3 0 2 O 2 4 5 0 2

10 011 1 210 0 4 9 3 016 0 2 0O 126 1 O 8 16 O

3 4 51011 1 11310 0 5 2 1 4 1 1 O 1 8 4 5 14

/ 1 1 0 0 0O O O 5 7 1 8 00O 2 0 2 OO0 2 0 1

4 0 3 0 0 4 0 0O O1I0 0 O OO 1 OO 1 1 1112 O

0O 6 0O1 0O OO OOO0OOO 112 7 00 0O 0 0 0 3
11/ 0 8 3 1 3 0 2 2 2 037 124 5 029 3 0 1 3
522 311 1 5 0 2 2 2 O 516 4 238 0 4 1 0 4 3
2 0 0 0O OO O OO 1 01 OO0 0 0 O 0 210 0 O
i1 0 4 2 0 1 0 0O 2 4 0 1 1 2 0 2 015 5 7 0O O
6 3 1 1 215 0 0 212 028 O 5 3 027 O 1 8 7 O

<

R
\
)
C
Q
E
€
H

Structural or functional motif

L J16 11/ O 131 0 31124 014 O 2 0 121 1 112 20 O

K
M
F
P
S)
T
W
Y
\Y

Examples of motif

HSGEQLAETL GVERAAI NKHI Q

VTLYDVAEYAGVSYQI'VSRVVN

AM KDVALKAKVSTATVSRALM
ATl KDVAKRAGVSTTTVSHVI N

| TI YDLAELSGVSASAVSAI LN
L HLKDAAALLGVSEMIT RRDLN
TAYAELAKQFGVSPGTI HVRVE
GSLTEAAHLLGISQPTVSRELA

MSQRELKNELGAGH ATl TRGSN
| TRQEI GQ VGCSRETVGRI LK
FDI ASVAQHVCLSPSRLSHLFR
LRI DEVARHVCL SPSRLAHLFR
MTRGDI GNYLGLTVETI SRLLG
VTLEALADQVGVBPFHLHRLFK

© Doug Brutlag, 2000



Block Signatures for a Protein Family
http://www.blocks.fhcrc.org/

(After Henikoff and Henikoff)

| NKHI Q HSGEQLAETLGVERAAI NKHI Q SRAAI NKHI VA
VSRWN VTLYDVAEYAGVSYQTVSRVVN VSYQT'VSRVVN
ASRALM AM KDVALKAKVSTATVSRALM VSTATVSRALA
VSHVI N ATl KDVAKRAGVSTTTVSHVI N GVTTTVSHVI N
VSAI LN | TI YDLAELSGVSASAVSAI LN SGVSAVSAI LN
10_45 | RRDLN 25_55 LHLKDAAALLGVSEMIT RRDLN 40 GVSEMIRRDLN
THVRVE TAYAELAKQFGVSPGTI HVRVE TAYATI HVRVE
GSSELA > GSLTEAAHLLGISQPTVSRELA GSQPTVSRELA
\IERES\ VMSQRELKNELGAG ATl TRGSN VSl ATl TRGSN
VGRI LK | TRQEI G VGCSRETVGRI LK | SRETVGRI LK
LSHLFR FDI ASVAQHVCLSPSRLSHLFR FDI SRLSHLFR
LAHLFR LRI DEVARHVCLSPSRLAHLFR LRPSRLAHLFR
| SRLLG MIRGDI GNYLGTVETI SRLLG MIVETI SRLLG
LHRLFK VTLEALADQVGVSPFHLHRLFK TLEFHLHRLFK

© Doug Brutlag, 2000
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BLOCKS+ Is Based On
Several Protein Family Databases

PROSITE

PRINTS

Pfam

ProDom

DOMO

© Doug Brutlag, 2000

BlockM ak%

>

BlockM aker
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EMATRIX Maker

http://motif.stanford.edu/ematrix/

2 MATRIX

T : : eMATRIX MAKER
Themas D W, Craig G Nevill-Manning, and Douglas L. Brutlag
, eMATRIX SCAN
Enter aligned sequences:
i

LV L LML 2 2L I IRRART o S,
TYDIAMEAG FTRSYRRRFGCTRSOA
WTOIAYRCGFSOSNHFSTLFRREFMYSPROT
WTELAYRCGFGOSMHFSTLFRREFNISPROI
YFOISHRCGFGSHAYFCOYFERE YHMTR SOF
WFOIZHRCGFGSHATFCOARK RE YGMTPS0F
ITETALDYGFLHLGRFAEN YREAFGELPSOT
ITETALOYGFLHLGRFAENYRSAFGELPSOT
ITEVALDYGFLHLGRFAEK YRETFGELPSOT
WTEMALDYGFFHTGRFAEN YRSTFGELPSOT
WTEMALDYOFFHTORFAENYRSTFGELPSOT

Make scoring matrix

© Doug Brutlag, 2000
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© Doug Brutlag,

JMATRIX

To paste this matrix into eMATRIX-SCAN, click here,

I

E

.

K.
-59
g
-25
-Sb
-55
il
2
-2h
-68
=57
=12
58
-22
-38
-4
-39
-43
16
-1@
-4
Sy,
27
3
-45
-17
-19
-11
-24
1z
I
-41

L

M

!

R

R |

-24 1M

Voo
2l -6l
£ -28
-2 -4
16 -53
-9 -Bd
-4 -23
-11 -£3
14 &7
7 -4
-43 -36
-11 3@
-3 =72
-1 -35
-2 -4
-45 -36
-3 -B¢
-1z -48
-8 -39
17 -3l
-57 -5l
-8 -B
-35 -4
-4 -0
-18 -29
-58 -6l
18 1@
-43 -G8
-98 -99
-5 -58
-7 =31
-12 3@

Y

i
-be
-15

2H
=58
=57

-18
-34
-5

g
11

23
52
-45

-12
-7
=23

47

3
=58
-53
-2é

19
-24

oD DD D DD IR DD DR DD EEDES DD DD S @3S =D =D E =S

oD DD D EDED DR DD 30D E DD S D ED DS S DD S =SS S E E




eMATRIX Search

[ MATRIX eMATRIX SEARCH

eMATRIX MAKER
eMATRIX 5CAN

Thomas D, Wu, Craiz G. Hevill-Manning, and Douglas L, Emtl&g

Desired signiﬁcance threshold: 10e |—:-3

Threshald on information: |E.EI A

Enter SEqUEnce:

HROLSSRNILLOANIDPKNPYY 55RO0TKCK ISOFGLSRLEKEQASOMTO SO TP YMAPEY FKGOSHSE
K SOV S YOMYLFELLT S0EPQOOMEPMEMAHLAAYES YRPPIPLTT 3 3EMKEILTQCHO SHPOSRPT FKD
ITYHLKEMEDQDY 55 FASVPYOT IOTGY YA,

JL

Fill in e:{ample
Clear form

| Search for function

ebMATRIX i3 based on minimal-risk s::m‘ing rmatrices, ﬂptimized far speed and ACCIITACY, Ta cite this
woark, use:

Thomas [, W, Craig 23 Nevill-Manning, and Duuglas L. E-mtlag, "Minimal-risk su:c:ring matrices for

sequence analysis”, Journal of Computational Biology, 1944, in press,
© Doug Brutlag, 2008




eMATRIX Search Results
http://motif.stanford.edu/ematrix-search/

2 MATRIX

Rank Frob. Profile and Matching Segment

5.7R5e-1: PREGIAS0 TYROSIME KIMWASE CATALYTIC DOMAIN 5IGWATURE
¢2 SOVYSYOMVLFELLT SOEPQOOM =

J.876e-11 ELOBZS9E Receptor tyrozine kindze class II proteins.
43 EQASOMTOSYGC TP YMAREY FIGD SMSER SDY S YoMy LFELLT SDEPQD) 93

T.203e-11 ELOBZ4A0 Receptor tyrozine kinaze class III proteins.
29 EPQODMEPMEMAHLASYESYRPPIPLTTSSEWKEILTOCKOSNPOSRPTREQL 142

5.5596e-10 PROGIASE TYROSIME KIMWASE CATALYTIC DOMAIN 5IGWATURE
116 T5SEMKEILTOCYOSHPOSRPTF 139

4,757e-09 ELBA79E) Receptor tyrosine kinase class ¥V proteins.
188 YRPPIPLTTSSKWKEILTQCWOSNPDSRPTFKQITVHLE EMEDQGY S5F 157

b.824e-09 ELOA1EYE Protein kinases ATP-binding regionh proteins.
F1OKSDVYSYOMYLFELLT a7

7 o247e-09 ELBBZS9F Receptor tyrozine kinaze clazs II proteins.
OF MEMAHLASYESYRPPIPLTTSSKMKEILTOCHDSNPDSRPTREQT 142

Y,2242-09 ELOBZ4AF Receptor tyrozine kinase clazs III proteins.
42 KEQASOMTOSYRC TP YMAPEY FIKGD SN SEK SDY S oMY LFELLTSDE =Lt

© Doug Brutlag, 2000
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eMATRIX & Similarity Search Identify
/1% of Human Proteins
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Sequence Alignment
http://motif.stanford.edu/alion/

X 220 230 240 250 X
F- - SGGANTHI YMNHVEQCKEI LRREPKELCELVI SGLPYKFRYLSTKE- QLK-Y

I I 0 I I U I N e | o ]
GDFI HTLGDAHI YLNHI EPLKI QLQREPRPFPKLRI LRKVEKI DDFKAEDFQ EGYN

X 24610 270 280 290 X
Region End Region End
Score= ) Similarity-weights - Yenalties
Region Start Region Start
where:

Penalty = Gap-penalty + Size-of-gap x Gap-size-penalty

© Doug Brutlag, 2000 g



Query:
PAM Mat ri x:
No. Score
5 328
6 328
7 327
8 302
9 273
10 272
11 PAK]
12 261
13 250
14 233
15 226
16 210
17 206
18 AV
19 204
20 200
21 200
22 165
23 147
24 76

© Doug Brutlag, 2000

Smith-Waterman Similarity Search

HU- NS1 Maxi mal Score: 452

200 Gap Penalty: 5
Match Length DB ID
) 90 2 DBH BACST
) 92 2 DBH_BACSU
72.3 90 2 DBH VIBPR
66. 8 90 2 DBH _PSEAE
60. 4 91 2 DBH1L _RHILE
60. 2 91 2 DBH CLOPA
58. 2 90 2 DBH RH ME
57.7 91 2 DBH5_RHILE
55.3 94 2 DBH_ANASP
51.5 93 2 DBH _CRYPH
50.0 95 2 DBH_THETH
46. 5 99 3 | HFA SERNA
45. 6 100 3 | HFA RHOCA
45. 4 99 3 | HFA SALTY
45. 1 99 3 | HFA ECOLI
44, 2 94 3 | HFB _ECOLI
44, 2 94 3 | HFB_SERMVA
36.5 99 5 TF1_BPSP1
32.5 90 2 DBH THEAC
16. 8 477 2 G.GA ECOLI

Gap Extensi on:

Descri ption

DNA- Bl NDI NG
DNA- Bl NDI NG
DNA- Bl NDI NG
DNA- Bl NDI NG
DNA- Bl NDI NG
DNA- Bl NDI NG
DNA- Bl NDI NG
DNA- Bl NDI NG
DNA- Bl NDI NG
DNA- Bl NDI NG
DNA- Bl NDI NG

PROTEI N
PROTEI N
PROTEI N
PROTEI N
PROTEI N
PROTEI N
PROTEI N
PROTEI N
PROTEI N
PROTEI N
PROTEI N

| NTEGRATI ON
| NTEGRATI ON
| NTEGRATI ON
| NTEGRATI ON
| NTEGRATI ON
| NTEGRATI ON

HOST
HOST
HOST
HOST
HOST
HOST

Q_IIIIIIII__

A
FACT
FACT
FACT
FACT
FACT

TRANSCRI PTI ON FACTOR
DNA- BI NDI NG PROTEI N H
GLYCOGEN SYNTHASE (EC

.5

Expect ati on

. 35e-55
. 35e-55
35e-55
. 14e- 49
.47e-42
. 52e-42
18e- 40
. 29e-40
. 32e- 37
. 70e- 33
. 07e-31
. 46e- 28
52e- 27
90e- 27
87e-27
71le-26
7le- 26
.42e-18
. 12e-14
. 80e-01

WNWNTOUWARNWOWNRNNRE PR

Tl



Original BLAST Algorithm

Indexes database
Starts with all overlapping words from query

Calculates “neighborhood” of each word using BLOSUM
matrix and probability threshold

Looks up all words and neighbors from guery in database
Index

Extends High-Scoring Segment Pairs (HSPs) left and right
to maximal length

Finds Maximal Segment Pairs (MSPs) between query and
database

Does not permit gaps in alignments

© Doug Brutlag, 2000
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GAPPED BLAST Starts with a
Two Hit Approach

Hroad bean
leghemogiocbin |

+

0 20 40 60 80 100 120 140
Horse beta giobin




GAPPED BLAST Extension of
Two Hit HSP

Broad hean

leghemogiobin | "

20 40 &0 8C 100 120 140
Horse bets globin

© Doug Brutlag, 2000



GAPPED BLAST Alignment

Leghemeglobin 43 FSPLEDSAGVVDEPRLGAHAERKVIUMVEDSAVQLRATGEVV -~ LDGKDGS
F L+  V+ +PK+ AH +KV L+GEV LD G+
Beta giobin 45 FGDLSNPGAVMGNPKVRANGKRV LESFGEGVHELDNLKGTFAALSE 99

Leghemogliobin %1 IHIQKGYLDP~RFVVYREALLXTIKEASGDRAWSEELSAAWEVAYDGELATRI 140
+H X +DP +F % S G+ EL A+es +h At
Beta giobin 9l LHCDKLUEVDPENFRLLGNVLVVVLARRFGRXDFTPELQASYDKVVAGVANAL 141

Tl

© Doug Brutlag, 2000



Extreme Value Distribution of Scores

600 -
Counts

400 -

e
"“.--..... a
TN e 0 0g 09

40 50 60 70
Optimal local alignment score

© Doug Brutlag, 2000



Expectation of
High Scoring Segment Pairs (HSPs)

Prob(S> X)» 1- expf- Ke™]

where A isthe root of the equation:
a anpep)rg)=1

i=1j=1

p, and p; are the probabilities of each

residue in each segquence,
s; arethe similarity scores of

two residues.
If the expected value of
the scores for random sequencesis

<0 l.e gé_ -] PP <O§

€i=1 =1

then there are two solutions for A,
zero and one other positive root.

0.1 |

0.01

0.001 -

Distribution of Scores > S

— N — — — —




Decypher Database Search Engine
http://decypher.stanford.edu/

Bioinformatics Supercomputer

Select a Sequence Analysis Method

Click on the hyperlink under Your Query next to the method you wish,

HEURISTIC

METHODS Your Query Database SYNopsis
Blastn DA Nucleic comparison.
Blastx Translated search in protein space,
Thilastx Translated search in all s, all frames in protein space.
Blastp & Enimigde Protein comparison.
Thilastn Search of the translated database,
PSl-Blast ELASTT with position-specific iterative refinement,
All Methods Form - BLASTALL R DN& orProtein Combination form supporting all heuristic methods.

© Doug Brutlag, 2000



Decypher Database Search Engine

http://decypher.stanford.edu/

DYNAMIC
METHODS

Hidden Markov Model

Smith-Waterman

FrameSearch

SF™ Symmetric Frame
Independent ™

ProfileSearch

ProfileFrameSearch
ProfileScan

Clustalvy

o Ermm e
o Erammpds

& D e

o Erdrm e

# B e

& Erdmmnds

& Erimmnde
o Erdrnge

o Erarmnde

Your Query

DN&

it o
Protein

Protein HhAld

=
o

Protein Profile

Protein Profile

Datahase

FProtein HRAR

FProtein HhAkd

:T-"mtei:ﬁ
DA
Frotein
Protein
Protein
DA

DNA&

Protein
DM A

Protein Profile

Synopsis

Translated search ws, protein HMM database,
Protein sequence ws, HWM search,
Cnmpares pmtein HIM model to pmtein SEUENCE ¢

Gapped, affine nucleic search,

'. Translated gappe::l affine search.

| Gapped affine search in protein space,

| Gapped, affine translated search in protein space with

spanning codon frameshifts,

Gapped affine protein space search with
frameshift spanning in both query and database,

| Position-specific gapped, affine search of profile to se

Translated ProfileSearch with frarmeshift spanning.

Compares a protein sequence to profile database,

Multiple seqUEence alignment.

© Doug Brutlag, 2000



Profiles & Hidden Markov Models
http://pfam.wustl.edu/

0-0 0
CHITIEIR

=



Discovering Function from Protein Sequence

BLOCK, Weight Matrix or Consensus Sequences
Position Specific Scoring Matrix

Zinc Finger (C2H2 type)

C.{2,4} C {12} H{3,5} H

Posi ti on
1 2 3 4 5 6 7 8 910 11 12
A 2 1 3131012 67 413 9 1 2 Profiles, PSI-BLAST
R 7 5 8 9 4 0 116 7 0 1 0 Hidden M arkov M odels
N O 8 0O 1 0 0 0 2 1 110 O
D O 1 0 113 0 012 1 0 4 0
C 001 0000UO0TUO02 2 1 Sequences of Common
1 121 810000 76 0 0 24— gtrycture or Function — > (52 e
E 2 0 0 921 0 015 7 3 3 0 )
G 9 7 1 4 0 0 8 0 0O 046 0
H 4 3 1 1 2 0 0 2 2 0 5 0
| 10 011 1 210 0O 4 9 3 0 16 1 12 a 14
L 16 117 0 131 0 311 24 0 14
K 3 4 510 112 1 1 13 10 0O 5 2 f f f
M 7 14 1 0 0 0 0 0 5 7 1 8
F 4 0 3 0 0 4 0 0 010 0 O AAL(— AAZ|—| AAS|—| AA4|—p| AAG(— AAG
P 0O 6 0 1 0 0 0 0 0O 0 O O
S 117 0 8 3 1 3 0 2 2 2 0
T 522 311 1 5 0 2 2 2 0 5
W 2 0 0 0 0 0 O0O0O0 1 0 1 v
Y 1 0 4 2 0 1 0 0 2 4 0 1 ,
V 6 3 1 1 215 0 0 212 0 28 Sequence Alignments
10 20 30 40 0)
1 VL SPADKTNVKAAWGKVGAHAGEYGAEAL ERVFL SFPTTKTYFPHF- - - - - - DLSHGS
10 I o 5 N 1N R [
2 HL TPEEKSAVTALWEKV- - NVDEVGGEAL GRL L VVYPWI QRFFESFGDL STPDAVMVEN

10 2A0) 30 40 50 g

© Doug Brutlag, 2000



DoubleTwist’s Home Page
http://doubletwist.com/

Home | login | Register | Support | Help
E DoubleTwist

RESEARCH | SUPPLIES | COMMUNITY | DAILYTWIST
DOUBLETWIST

REGISTER NOW]|

& F T "
LOG-IM.. - 4 ’ J _; f f‘
USER MAKE 1 .- v{ _F }
FAS5WORD - -
.4 .-- i | i r -

i-/:’ F )

1)"

-

portal to the code...

VWelcome to DoubleTwist.com!

It automated research agents.
erful toals.

DOUBLETWIST AGENTS

tomers. Contact DAILY TWIST

Tl

© Doug Brutlag, 2000



© Doug Brutlag, 2000

What 1s DoubleTwist.com?

Dou
Dou

Dou

nle’]
nle’]

nle’]

'wist Is a web portal for life sciences
WISt accepts sequence & text queries

'wist provides multiple analyses

DNA & protein sequence databases
Completed genome database
Clustered EST databases

Motif & domain databases

Dou
Dou
Dou
Dou

Dou

ole]
ole]
ole]
ole]

nle’]

'wWist provides research reports

'wist provides evaluation of results

'wist links to reagents, clones & protocols
[wist Is agent driven

[wist runs daily

=



Query Sequences

E Home | Log Dut | Your Account | Support | Help
DOUbIe—[—WISt RESEARCH SUPPLIES | COMMUNITY DAILYTWIST
RESEARCH

RESOURCES Douglas's Sequences
Protlet On-Line

Fathvrays Sequence Name Report Count

Protocols i )
o ALU-DMA

ignments
TEXT SEARCH
1R A-DIMA i
AGENTS OVERVIEW DR TA-DM ignments
INPUT SEQUEM CES [
HU-FROT

YOUR SEQUEMNCES ! ; g = edit assidgnments

ALU-DINA - e

DROSATA-DNA HUBENA view reports = edit assignments
HU-PROT - !
HUIB-Dik A HUM-TOPC-24
HUM-TOPO-24 .
W 1 IM-TIP1 -
e HUM-TOP Q-
YET-TOPO-| A
YET-TOPC-| (MSH-2
metr

nrments

YET-TOP -]

YET-TORO-

rmetr

© Doug Brutlag, 2000



DoubleTwist Research Agents

Given an EST, cDNA, genomic DNA or protein sequence
DoubleTwist will:

-1NC
-1NC
-Ind
-1NC
-Ind
-1NC

=1ale

© Doug Brutlag, 2000

Identical cDNA, EST or genomic seguences
similar cONA, EST or genomic seguences
Identical protein coding regions

coding regions for similar proteins
functional motifs in coding regions

similar proteins whose structure 1s known
similar sequences that have been patented

Tl



Assigning DoubleTwist Agents to Queries

RESEARCH

RESOURCES

Proklet Cn-Line
P athways
Frotocals

TEXT SEARCH
AGENTS OVERVIEW
INPUT SEQUEN CES
YOUR SEQUENCES

ALLL-DIMNA
DREOSATA-DMA
HU-PEOT
HUB-DIpA,
HUM-TOP 0-3A,
HLUIM-TOR -]
MSH-2
YST-TOPO-|
YET-TORO-|
rmetr

© Doug Brutlag, 2000

E Home | Log Out | Your Account | Suppoert | Help
DoubleTwist

RESEARCH SUPPLIES | COMMUNITY DAILYTWIST

ASSign agents 1o your sequence..,

Sequence Name:

Sequence Type: Protein [50 - 3500 amino acids)
Species: Frimates

Sequence: View Input Sequence

Profile Agents
|' | Perfarm Comprehensive 5

Monitor Agents
|_ Monitor for Similar Proteins, Search EST Database

|' | manitar for [dentical Genomic DA

|. | Monitar far Similar Proteins

options

aptions

|' I Manitar far Frotein Patents

| Run Agents



Assigning DoubleTwist Agents to Queries

RESEARCH

RESOURCES

FroMet On-Lina
F athways
Frotocok

TEXT SEARCH

AGENTS OVERVIEW
INFUT SEQUEMNCES
YOUR SEQUEMNCES

FSE012.1 P...
FSE012.1 5...
HUhd HERO A
EOSDA0.11 DA
EOSCA0.11 ...
MEHZ Human

© Doug Brutlag, 2000

E DoubleTwist

Frofile Agents

|_] R etriey embled EST=

%]

FAomitol

O

gents

Home | Log Out | Your Account | Support | Help

RESEARCH | SUPPLIES | COMMUNITY DAILYTWIST

A 150 -30

Human

| | 7 I Ferform Comprehens Sequence Ana

Monitar for Identical cDHAs

] Mlonitar for Similar oD NAs

] Monitar for Identical ESTs

] Mlonitar for Similar Proteins, Search EST Database

- Monitar for Identical Genomic DNA

] Mlonitar for Similar P roteins

| monitar for DMA P atents

] Mlonitar for Protein Patents




How one DoubleTwist Agent WWorks

Agent name: Find Similar ESTs
Initial steps
1. Remove trailing poly(A) and poly(T)
2. Mask vector sequences
3. Mask repetitive/low complexity regions
Every night
Run BLAST2N against GenBank nightly updates
Return hits that fall within acceptable parameters

determine If hit Is an EST from specified
tissue/organism

Notify user via E-mail (Web Link points to Report)

flag hits with confidence values
(high/medium/low)

© Doug Brutlag, 2000
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DoubleTwist Protein Query versus
EST Similarity Agent

EST ldentities and Similarities

Finds any similar published protein sequences using TBLASTZMN (gapped BLAST) to search GenBanlk's EST
(dhEST) database.

The top three matches, determined by our"Basis for a Match," are reported far this section.

MNote: All'tied" matches (separate recards with identical E Value scares) are included in your repar.

Basis for a Match

Caonficlence Leveal E lVaille Range
HIGH = g

MEDIUM '515-’3 and =1
Low P 0.1 and =1E*

MOME = [.1

© Doug Brutlag, 2000



DoubleTwist’s Databases

Sequence/motif databases DoubleTwist curated databases
SwissProt Human EST cluster database
TREMBL Mouse EST cluster database
dbEST Arabidopsis EST cluster database
PDB Completed Genomes Database
PIR Comprehensive Vector Database
BLOCKS+
PRODOM Other databases In development
PRINTS AlphaGene clone database
PEFAM ClonTech clones & reagents
UNIGENE ProNet™ (Myriad Genetics)
CGAP Microbial metabolic database (Karp)
Patent Database Many others
Repbase

GenBank non-redundant nucleotide database
GenBank non-redundant protein database
GenBank daily DNA database updates
GenBank daily protein database updates

© Doug Brutlag, 2000
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DoubleTwist’s Algorithms

BLAST2N (NCBI)

BLAST2X (NCBI)

TBLAST2N (NCBI)

TBLAST2X (NCBI)

MASK (vector masking, DoubleTwist Inc.)
RepeatMasker (Smit & Green, U. Washington)
Blocks Search (Henikoff & Henikoff, FHCRC)
GRAIL (Uberbacher et al.,DOE)

GenScan (Burge et al., Stanford & MIT)

HalfWise (Birney et al., Sanger Center)

HMMer (Eddy & Sonnhammer, Wash U. & MRC)
. 2SOOOM4 (Miller et al., Penn State) g)




Advantages of DoubleTwist’s
Clustered EST Databases

Clustering and alignment tool (CAT) detects alternative
splicing and sequence polymorphisms

CAT corrects cloning & sequencing errors

CAT removes insertion/deletion errors resulting in
longer open reading frames (ORFES)

CAT distinguishes alternative splicing from sequencing
artifacts (chimeras & lane tracking errors)

CAT distinguishes SNPs from sequencing errors
Better drug target discovery

Increased sensitivity (target discovery)

Improved selectivity (target validation)

© Doug Brutlag, 2000 g



DoubleTwist Clusters

@ if mars than 1 bases ([ 13 percent) disagres with comashsuz saguences.
@ if more then 1 pomiticns abe UM OWTL .

— if mare than 1 positicens are gap charasters,

ALISHMENT CONTATHI THCOHSISTENCY:Strong Secondary Consensus Found.

2z
2
2
Z
Z
:

=

© Doug Brutlag, 2000

Jod pE b el el

U

[

Pl el b pad 3 d gt

R.C.ARISELTS
mrRIgREE

oons. for 3

mR4EL1LE
ARAZE2E]
H.C.ARAERDST
B.CLAADIGHSE
F1TIRE
Flalas

tor

HAZLEE
Ta1524
ARSESTA]
A0 AREIAGEZ
HoC RAS4ITE
RAALGGGA
R.C.aa747L90
cogda4l
CLaDaa
AnIEESaED
TESZ03
FLVENL
Faiislh
nLCL ARLD2E5E
H.C.FMIZGE
PLags

Tor L

andothelial
endothelial

total fetus HBEZHES
botal  feruz  HBEIHFR
total fetus  MBEIHEES
M |_':G\.|"|.F_PIE r

HKI

M3

Cynochrome o oxidane

subunit  VIIa jpolypeptbid

Human oybothrome ¢ oxildage  subunit Vifa-® O

HCI CGAR PELL
NCI_OGAP_Prid
r-l'f!;_ii'.:;l’_?:.':! 1
HEE_EL-i.."I.l-'___E‘Hl

HCI CORP ALV

Human hexkt oDl (Phak=mcrs)
Himan heazrt cDEA  [(YHaEsmiEs)

fpbryo, 1& wask

Humall Bmbryo

HI'L

HMZ

mussle 93TI0EF

Hugnao akeletal muscle
Humtrn skeletal mlecle

cB¥h Libracy, caL. X
ciMh Library, cat. #5




Single Nucleotide Polymorphisms:
Resolving Adjacent Polymorphic Sites

A

WIAF-1302 GTCTTCAGCCTCCTCTACCCTACGAGATCTGGAGCAACAGCTAGGAAA
VAN

© Doug Brutlag, 2000

[A/G]

I
GTTTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA
GTTTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA
GTTTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA

I
GTCTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA
GTCTTCAGCCTCCTCTACCCTACATGATCTGGAGCAA

1
GTCTTCAGCCTCCTCTACCCTACGAGATCTGGAGCAA
GTCTTCAGCCTCCTCTACCCTACGAGATCTGGAGCAA
GTCTTCAGCCTCCTCTACCCTACGAGATCTGGAGCAA

I
GTCTTCAGCCTCCTCTACCCTACAAGATCTGGAGCAA
GTCTTCAGCCTCCTCTACGCTACAAGATCTGGAGCAA
GTCTTCAGCCTACTATACCCTACAAGATCTGGCGCAA
GTCTTCAGCCTCCTCTACCCTACCAGATCTGGAGCAA
GTCTTCAGCCTCCTCTACCCTACAAGATCTGGAGCAA

GTCTTCAGCCTCCTCTACCCTACAAGATCTGGAGCAA
N\ VAVAN
van | [A/T]
[A/G]

gene _gnl JUG|Hs#S576
AA484792
R.C.T40995

gene_gnl JUG]Hs#S1790
gene_gnl JUG|Hs#S5761

gene_gnl JUG|Hs#S4384
genel JUG|Hs#5268846
gene gnlJUG|Hs#S1791

gene_gnl JUG|Hs#5269861
AA233679

R.C.AI000973

AA736471

D57354

AA393215

=



DoubleTwist’s View of an EST Cluster

One position equals 93 bases.

if more than 9 hases (10 percent) disagree with consensus sequences.
m - if more than 46 positions are unknowm,
— ifmore than 46 positions are gap characters.

4650

3 R.CAASTED3Z LIB:=" MCI_CGAP_Co8

3 R.CAASTBE43 LIB=" MNCI_CGAP_Co8

3 cansfor3

1. UT5651 Human dishevelled 3 {DWL3) mRNA, complete cds feds=s
1 DBE9E3 Human mRrA for KIAADZ0E gene, complete cds fcds=(1
1 45262 Human dishevelled {D%WL) mRMA, complete cds fcds=(12
1 AFOO06013 Homa sapiens dishevelled 3 (DWL3) mRMNA, complete cd
1 T20236 LIB= Heart

1 R.CAAZIIZZS (8% LiB= Soares ovany tumor MhHOT

1  H15755 (8% LIB= Soares breast INbHBst

1 R.CAASBTZA3 LIB= MCI_CGAP_Lar

1 R.CAATOOT36B (3% LIB=  Soaresfetal liver spleen TNFLS 51

1 R.CMTI440 (3% UB=  Soares fetal heart NbHH1 9w

1 R.C.H15756 (3% LIB=  Soares breast INbHBst

1 R.CAAZBITIHS (3% LIB=  Soares ovary tumor NhHOT

1 AA422137 (8% LIB= - Soares ovary tumor NhHOT

1 R.CAA42Z011 (3% LiB= Soares ovary tumor MhHOT

1 Ww023z0 (8% LiB= Soares melanocyte 2MbHM

1 AATE0132 (3% LiB= Soares pregnant uterus MbHPL

1 R.C.MBE0EZ LIB= Fetal brain, Stratagene (ca#4936206)

1 YR el (et | E— Coorg e mrone ot pigry s fb LR |
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DoubleTwist Research Reports

E Home | Log Out | Your Account | Support | Help
DOUbIETWISt RESEARCH SUPPLIES | COMMURNITY DAILYTWIST
RESEARCH

RESOURCES Reports

Proklet On-Line
Pathwiays
Protocols

Sequence Mame; MSH-2

anments
TEXT SEARCH

AGENTS OVERVIEW
INFUT SEQUEMNCES
YOUR SEQUEMNCES Moanitar for Similar Proteins active

ALLEDMA,
DEOSATA-DIMNA
HU-PEOT
HLUB-DMA
HUM-TOPO-24
HUM-TOPO-|
MSH-2
YET-TOPQ-|
YST-TOPC-|
et

Agents Reports Status

complete

About DoubleTwist | Products | Privacy Policy | SecurityStatement | Terms of Use

Tl

© Doug Brutlag, 2000



A DoubleTwist Research Report:
Protein Function

E Heme | Log Out | Your Account | Suppert | Help
DoubleTwist RESEARCH

SUPPLIES | COMMUNITY DAILYTWIST
RESEARCH

RESOURCES Protein Summary Report
Proklet On-Line e
—Pathwaﬁ_@ Run Date: 1999-10-01
Protocal
I Sequence Name:  MSH-2

TEXT SEARCH

AGENTS OVERVIEW Sequence Type: Frotein (Feptic
INPUT SEQUEN CES Length: 934 amino acids
YOUR SEQUENCES

ALL-DMA Function _

DR OSATA-DImA, 1. DA MISMATCH REPAIR PROTEIM MSHZ [Mus musculus (Mouse)] high 1 A
HU-PROT ~
HUB-DIMA = 20
HUM-TOPO-24
HUM-TOP Q-]
MSH-2
YET-TOPD-|
YET-TOFD-
metr

E' iy

2. DNAMISMATCH REPAIR PROTEIN MSH2 [Homo sapiens (Hurman) ] -high 1

PAIR PR
1hil '

© Doug Brutlag, 2000 g



A DoubleTwist Research Report:
Protein Functional Motifs

Protein-Protein Interactions {Prolet on-line) hiethodology =
None Found

Motifs

1. DA mismatch repair prot

. . DA mismatch repair prot

. DA mismatch repair prot .high 1 Alignment(s)

= Details

I . DA mismatch repair prot .high 1 Alignmentis)

» Details

. DA mismatch repair prot medium 1 Alignment(s)
» Details

. DA mismatch repair prot ‘medium 1 Al gnment(s)
» Details

. Bacterial rving hyd 3 [ovy 1 Alignment(s)
» Details

8. Euka ryotic RMA polymeras i 1 Alignment(s)

= Details

© Doug Brutlag, 2000
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A DoubleTwist Research Report
| ate Breaking Database Entries

" Protein Similarities

I mismatch repair protein mshe-1 [Arabidopsis thaliana] high 1 Alignme

= Details

2. (AJ2459687) mismatch repair protein mshi-1 [Arabidopsis thaliana) -high 1 Alignment(s)

= Details

.3. AJ2459687) mismatch repair protein mehi-1 [Arabidopsis thaliana) -high 1 Alignment(s)

= Details

high 1 Alighment(s)

= Details

Tl

© Doug Brutlag, 2000



© Doug Brutlag, 2000

Patent, Structure and EST Reports

Patents mMethodology = Details

1. Sequence 2 from patent LIS 5591826 1 Alignment(s)

» Details

Structure Similarities Methodology = Details

Mone Found

EST Similarities methodology = 3

DMA  medium 1 Alignme

Tl



Viewing Monitor Agent Reports

E DoubleTwist

RESEARCH

RESOURCES

Proklet On-Line
P athweays
Protocols

TEXT SEARCH

AGENTS OVERVIEW
INFUT SEQUEMN CES
YOUR SEQUEMNCES

ALLLDIMA
DEOSATA-DIMA
HU-PROT
HUIB-DMNA
HUM-TOPO-24
HUM-TOPO-|
MEH-2
AET-TOPO-|
FET-TOPO-I
retr

© Doug Brutlag, 2000

Reports

Sequence Name: MSH-2

edit ionments

Agents Reports

Manitar far Similar Proteins

erform Comprehensive Se

RESEARCH

COMMUNITY

Home | Log Out | Your Account | Suppott | Help

DAILYTWIST

Status

active

complete

About DoubleTwist | Products | Privacy Policy | Security Statement | Terms of Use

Tl



Notification of New Findings

Date: Friday, 4 Feb 2000 16:18:11 -0800 (PST)
From: report <report@DoubleTwist.com>

To: BRUTLAG <brutlag@stanford.edu>

Subject: Find Similar Proteilns

This mail 1s auto-generated, and was triggered by NEW
FINDINGS for the sequence you specified at:
http://www.DoubleTwist.com

Here 1Is the outline:

Agent: Find Similar Proteins

Sequence: MSH-2

Detainls:

http://www.DoubleTwist.com/report. jsp?id=26074

The links above are secured by password, and all
access to DoubleTwist 1s monitored to ensure privacy.
For more information about DoubleTwist, security and

e ap W= N a a DNLIN A & ) N
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Similar Protein Monitor Agent Report

Monitor for Similar Proteins Report

Agent Monitor for Similar Proteins report for 2000-02-04

Cuery Sequence
Mame:; mMSH-2

Input Sequence Type: F'rutwm [60- 23500 aminag &
Length

Methodology

Matching Sequence
Accession (G 11466
numhber:

'Descriptiun: ' ina mismatch repair protein Msh2p

'Liter-ature: ' Mone Found

Sequence  |[(Alignment Length: 424, E-Value: 3.0E-95, Alignment % Identity: 45.0)
Alignment 1:
tuery: 36 HENFSTYD LFTHSE DATVEEIVHNISSGYVEPIIOTL &S
+ +++ + + + +E++ I++ T F++ +
Shijct: f SSHTTELS YT A% N STIID (F CLAREYIETAL
Ouery:

Shj ct:

OUery

Shict:

Query: 681 QTGEVIVLI -- AEVSIVDIC ILARSY
g ¥ .H++ I+Dr ILAFR
EVADLDITIDATLAR

SLITIDELGRG
Shjct: 245 PRSLIIIDELG
© Doug Brutlag, 2000 _
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Submission Date for CAA21156

E DoubleTwist

RESEARCH

RESOURCES S
; HITION
Proket On-Line CCESSION
Pathuvays

FProtocols
TEXT SEARCH
AGENTS OVERVIEW
INPUT SEQUEMN CES
YOUR SEQUEMNCES

ALL-DMNA
DREOSATA-DMNA

Home | bog Out | Your Account | Sup

RESEARCH | SUPPLIES | COMMURNITY

0Z-FEE-Z000

ion ALO31 2

h:i. z

. Barrell .B. . and Fajandream, I A

Tl
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Similar Protein Monitor Agent Report

Monitor for Similar Proteins Report

Agent Monitor for Similar Proteins report for 2000-01-12

Cuery Sequence

Mame: mMSH-2
Input Sequence Type: Protein [50 - 3500 amino acids)
Length: 934

Methodalogy

Matching Sequence

Accession
number:

Description: = i|647 3463 dhj|BA Hypothetical protein [Schizo charaomyces pombe]
Literature: Mone Found

Sequence  (Alighment Length: 172, E-Yalue: 2.0E-16, Alignment % Identity: 30,00
Alighment 1:
Query: 546 ENGYEFTHSELTS QDATYEEIVNISSGYVEPIIOTLHNDYLAQLDAY 605
+ + +++L + L +LD
Sbjct: 3 L STASFOLPGWT SLGIIDLENTE QEEQE SITDEIYSHHETLESLANALDELDIS 62

ouery:
S]jj ct: 63 Y F 118
Query:

Shijct:



DoubleTwist Genome Viewer

Arcession: AC000003 fragment ACO00003 lChrDmosome:1? lMap Location:

Description: Homo sapiens chromosome 17, clone 104512, complete seguence |

Fepeats

(L} ni (A 1| o R U A 1 I} | III%I- [ I

zenBank Annotations
-
User Querny
L] [] 1 1 1 1 [] [] [] [] [] []
Okb 10kb 20kb 30kb 40kb S0kb E0kb TOkb S0kb S0kb 100kb 110kb

FenBank Annotations

Fepeats

genscan

halfwise

blastsimd ws. T Human Gene Index

blastsimd ws. UniGene

4063973 10 20 30 40 50 60 Tp. 80 90

106971 cttagaaaggocctgotggecaacattgttoccttggeotggtgtotgggaacttgoatttaggaagggcteccactattocctgaatagtaagggtagy
107066 ctgttctotaaactgttoatgtgagtaatacggtttgtgetgaatacctggatttetteagggagtetgoaatteatgtttgtgctaggoagggyg
107161 atgcoctacatgaccagoetoottataaaaactotgggoactgagtoctgtaatgagottacctgctagacagtgttttacacatgotaccaggacto
107256 actgctggaggaattaggecacatectatgtgactgetgggagaggactoctgaacttgegoctggttttetcaggaccttgteocaggttetgtyg
107351 tooccttcactgattttgotttgtatttttttgotgtaataagaccottaaaaaaaaaatagagacaggatctcactetgtoacocaggotggatt

© Doug Brutlag, 2000



PSI-BLAST In Brief

1) Compare the query sequence to database

2) Construct profile from significant similarities
3) Compare the profile to database

4) Repeat step 2 and 3 until convergence

© Doug Brutlag, 2000
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PSI-BLAST Results Contain Multiple Similar
Regions

Major Steps:

1) Clustering
2) Alignment
3) Trimming

Tl
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Clusters Are Organized Into Groups

E

|

Tl
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eBLOCKSs Summary

SWISS-PROT
79,449 Seguences
Filtered Target Set
57,266 Seguences
PSI-BLAST Searches
17,415
Final Number Of Groups
16,658

Final Number Of Blocks
74.396

Tl
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eBLOCKS Is More Comprehensive

Tl



Web Access to eBLOCKS
(http://eblocks.stanford.edu/)

O Netscape: eBLOCKs Home

¢ o A BN 2 £ 4 G &

Back Forward Eeload Horne Search Guide Irmages Frint  Security

v Metsite: \&E http:/ feblocks/

Enumeration of Blocks
From PSI-Blast Results

About eBLOCKs

Search By Accession

Search By Keyword

(iaciuan su and Douglas Erutlag
Erutlag Bicinformatics Group
Stanford University Search A Sequence

g Brutlag, 2000



An Entry From eBLOCKSs

O Metscape: eBLOCK P29358G1B1

1=}
[

eBLOCK P29358G1E1

T »

¢ Sequence Logo

: A Fostieript File Will Be Generated. The Left Picture (GIF) Iz Hlustration Ondy.,
E{iﬂkh You Could Use Ghostscript To View Fostacript Files.
i1 ek | [About Sequence Logo]

¢ Links To Blocks+ And Source Documents
BLOCKS+ ELO07%64: PROSITE PRO0796

* All eBLOCEs From The Same Seed Sequence (1435 BOVIN)

1D 143E _BOVIN,;

AC P=9358G1E1

DE 14-3-3 PROTEIN BETA//ALPHA (FEOTEIN EINAGE C INHIEITOE FEOTEIN-1)
DE REIE-11..

EL vidth=27 seqs="/4

1438 TOBAC (049995 | 47 EENVYMAELAECQAERYEEMVEFMEEVE 18
1435 SOLTU{EF33784y. | &) EENVYMAELAEQAERYEEMVEFMEEYVY 13
fFass PEA (PAEZ6EY | 9] EENVYMAELAEQAERYEEMVEFMEEVE 15
1433 MEHCE [(FP33259) | 58] EENVYMAELAEQAFERYEEMVEFMEEVA 13 —
143C TOBAC [(P93343) | 9 EENVYMAELAEQAERYEEMVEFMEEVE 15
epelel || 1430 ARATH [(QQ0152%) ) EELVYMAELAECQARRYEEMVEFMEEVS 15
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An Entry From eBLOCKSs

eBLOCK P29358G1B1

rrrrrrrrere OO OO OO

Tl



A Sample Keyword Search

Metscape: Search eBLOCKs Matching AMINE OXIDASE

Sequences Found With Keyvord "AMINE OXIDASE"®

These Are The Seed Sequences For eBLOC Es Relevant To Your Search.
Click On The Sequence(s) To Retrieve eBLOCKs.

AEP HUMAN:
AMILORIDE-SENSITIVE AMIME OXIDASE [COPPER-CONTAINING] PRECURS
(DIAMINE OXIDASE) (DaO) (AMILORIDE-EINDING PROTEIN) (AEP) (HIS

AMO ECOLT
COFPER AMINE OXIDASE PRECURSOR (EC 1.4.3.6) (TYRAMINE OXIDASE)
OXIDASE] .

AMO PICAN:

FEROXISOMAL COPPER AMINE OXIDASE (EC 1.4.3.6) (HMETHYLAMINE OXI

AQFA BOVIN:

AMINE OXIDASE [FLAVIN-CONTAINING] & (EC 1.4.3.4) (HMONOAMIME O

AOFN ASPNG:

MONOAMINE OXIDASE N (EC 1.4.3.4) (MAO-N).

About eBLOCKs Search By Accession

Search By Keyword Search A Sequence

© Doug Brutlag, 2000
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Search A Sequence

Metscape: Sequence Search Result

eBLOCEs search results for: Sample Query Sequence

Specificity eBLOCKE Hotif

Z elde]r . 1[ilv]s. .ykn. [

76 TEFMEKVSAMADSEE LTVEERNLLEVAYENTIGARRASH

14-3-3 PROTEIN BETA/ALPHA {(PROTEIN EINASE C INHIBITOR PR
(ECIP-1).

e—18 Tl
PPTHPIRLGLALNES 5
14-3-3 PROTEIN BETA fALPHA (PROTEIHN EIMASE C IHHIBITDR PR
(ECIP-1).

=e—15

[ -
LELLDTRLIES
14-3-3 PROTEIN BETA/ALPHA (PROTEIN KINASE C INHIBITOR PR
(ECIP-1).

imgl[£1y]. dn[fly]t.w
ELDTLEEESYKDSTL IMOLLRDNLTLW TSD
14-3-3 PROTEIN BETA/ALPHA (PROTEIN KINASE C INHIBITOR PR
(ECIP-1).

[ilv]. [as].[ilv][a=]. [e

MAAMHTPREEM VYHAE LﬂE:_-.ﬂEP"EEHWEFH EEV

14-3-3 PROTEIN BET&I&LPH& {(PROTEIN EIHMASE C INHIBITOR FR
(ECIP-1).

Tl



