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anal ysis and, nore particularly, to 5 the annotation
of sequences. , Background of the Invention Research

efforts have | ong been focused on the search for
comput h bR SEolNCE RO TA

a prot - o et e h
directly fromthe

of
ON

physi ochem cal properti es,
cqﬁgla%@%@imnﬁ‘?gﬁno aci d sequence. The nunber of am no

aci d sequences at are being deposited in public

dat abadis presnbamantidnnetaasiongqséadihlysiviahll, MbR particularly, to
a%%gnces.in gequencing nmet hods and systens. The

e [RFIHHAIGR 05 FeqURReHr operties of a protein using the
sequences in these databases typically involves

t edi ous manual analysis. As thousands of previously
uBackgwouhd gfnthé hiveatioms wel | as increasi ng nunbers of
conpl ete genones, are being nade publicly available,

| ess | Bﬁéﬁ%rahgg‘ﬂ’ﬁ VavereengoBeens fcupndomithe serirly $bis computational
S iads 16X ' i [ t I LS the, first

T (T HgeEnhe BODBRANET Py - wlREh fhigtis bl bbdteal and
ophesochemidal proghrtiehatimetlefiomané onr@pondise Mainakeld &8uence. The
pat h‘(;'g s.and tragnscription regulation networks. 20 As

s JRRPEOf AOMRR Acid Spquierces dhat are hainpaenosiedippublie datelonses has been
a Wale VA I , |l onplet e
QR AR 08 n SOUIRRERS elbrtBecnPlol R Sfems. e
Sehmslatiornfof tthe propeetivsi ofa Pretelr @sefithé RYQRLERNn these databases
provi des. t yes for annotating sequences. In one

chni 2
2 B/PK Ec‘P"‘gf’eSt 1qus a#uRb Analysisye tAfo thopsangs of i teioliddy unknown
a Al | : . co i.ses t.he . ..
A S G SEIEE o T S PR Rl
covplbkj Ngsakbat attediveenetivdeor pi@eiacatsmRdare sought. Protein

Attributes are assigned to the patterns based on the
RSO0 TeRRT S oS ther kst St e aitpmn tesSilgirisscribe a particular

a hight 0.+ analky: ery.,sequence, 30. .
SR Sotlt, MO AR IR 501 o
defeihtiomnetstorlrs. but e vector, the attribute vector

characterizing portions of the query sequence. The
pat t er i S{F 1 deraaidyedsis et 71 BufomstedeapPERACk fio agtotaly iadividual

AABRSE o A HUSHYIGERIBRES difbky SxAnlR AP 8542831y,

Summary of the Invention

The present invention provides techniques for annotating sequences. In one
aspect of the invention, a method is provided for annotating a query sequence. The
method comprises the following steps. Patterns associated with a database,
comprising annotated sequences, are accessed. Attributes are assigned to the patterns
based on the annotated sequences. The patterns with assigned attributes are used to
analyze the query sequence.

The patterns with assigned attributes may be used to define an attribute vector,
the attribute vector characterizing portions of the query sequence. The patterns with

assigned attributes may be stored in a database. The query sequence may be a
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nunber of amno acid residies in the query sequence.

The assigned attributes may be used to contribute

val ues to counters of the attribute vector that

cor ortions of the 5.¢ ence mat ched
b REME b lorBR GRSl baiiCacted) Fh pHE RE 0" ey Siiborise o
detebsi sresbublfs, Wierda tHeafuifhebt oudSers S 8epaibhdlRY HRSnumber of
used to def|nethe attribute vector, wherein the

s@m@ P resi@yes gn a‘ahqum sequenesi. nThepdsigned ativibetes ntwy be used to

uence and anna at ed se nces of .the .
ISR EE VARRES, B\uerh PEpE e T S pRed g Btings of the
g‘e{&'}}t de@ﬁenc@&niﬁ@héd 8% thdl E:bﬂi‘&bond]lﬁg fRBbME.eSPaiRr, a score may be
advant ages of the present invention, will be obt ai ned

ﬁeﬁe@n@p@ hrehe pattees Wit Réstged gttla‘@ttas wsed tQi deftnd the atﬁtnbute vector,
d ef .De t
gl U B ot bR B R s oot A sGgyence and

f(ﬂ[ea%;ﬁﬁﬁtsﬂtéeltj*ﬁbn@eséﬁhélalﬁﬁbés§equence according to an
enbodi nent o he present invention; FIG 2 is a block

di agr amy @mr@nO@R@tmumeystmrtg/\aﬁ thei presestrbnieation raso:f/elhas further

craa R ~BPRERE b e Brebe RO R 15 B By o e

Chaldwihg Hétﬁﬂé@&és@@ptﬁiﬁ Ablyeriase exenpl ary net hodol ogy
for 20 annotating a query sequence according to an

enbodi ment of the present invention; FIG 4 is a

at i Iustratlng an exerrpl ary
A Y M LS4at abase sequences [SEQ I D
NO 1] FI(f.% Sﬁ@ zi @oWQha%]ﬂluiﬂ%ﬁ%hxpeM 13ty metholsto &P @nnotating a
4] and query sequence accordlng to an
eqbagisepiencoiccording wraesﬁm’qodlnm nf thepres2t 1ﬁ17@.0n5( A)

e - SBTGH B0 anSIoR KRt i P g B G ShpleRentition of a
e At d R anfdtatid}ea ﬂﬁ&%%@&uén@é’ ek @R to Bh ERbolindtnt of tl%e present

through 6(D) are plots show ng sone of the results o
t inveaorot at i on of the sequence VWVTAHAF [SEQ ID NO. 6]

di ' t f th t t
and s0FRicEIs K Ay Heg iRy 4 Bihal Srenphi dedinislosy for
O b i, q{{e?ﬁséélﬁeﬂdéeacccﬁﬂhﬂg k@il AAbAIimEhof the present 1nvent10n

adrenocortlcotroplc hornoné receptor protein accordi
to an FEmbddisnenichehatichdiagrass gHustiating nan eremplary 1mplementat10n

including database sequences [SEQ ID NO. 1], [SEQ ID NO. 2], [SEQ ID NO. 3],
[SEQ ID NO. 4] and query sequence [SEQ ID NO. 5] according to an embodiment of

the present invention;

FIGS. 5(A) through 5(I) are plots showing some of the results of the
annotation of human ubiquitin according to an embodiment of the present invention;

FIGS. 6(A) through 6(D) are plots showing some of the results of the
annotation of the sequence VVVTAHAF [SEQ ID NO. 6] according to an
embodiment of the present invention; and

FIGS. 7(A) through 7(B) are plots showing some of the results of the
annotation of the adrenocorticotropic hormone receptor protein according to an

embodiment of the present invention.
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illustrative 5 protein segdience annotation

nmet hodol ogy. However, it is to be understood that the
present invention is not limted to such a particular
protei n sequence annotation nethodol ogy. Rather, the
invention is nore generally applicable to any sequence
annotation, as would be apparent to a person of
ordinary skill in the art. Thus, the teachings of the
hé&aiéd Desty fytioncof Priofenriadl Exnbodimendsist r ued as bei ng

such, Miscreseat iABROTOVIL Mol BPasahelon Fo A Sta 6f ahpgtatve
%o%?%{na%égéeﬁ%pﬁgﬁ?bﬁ rﬁéﬁg&cﬂﬁ)@?n NP5 REVeR it o toSBIHENERSod that the
ut ohrm e a of t

ucl I on properties of a protein _
direeat invehtiomiamoartinniced fcbuthse qasivoir meteite sequches annotation

herein, is beneficial as, it. mnimzes_the ]gm% ng) of
rrilafologs b &atiess i 1Y GO f TR EARABY FPPRFOL 1, BU soaquence
Tﬂﬁo{%ﬂé@,“%t $8ud! Bécépgﬁfeh% PHASES B bRih¥Riskal ithIhe art. Thus, the

procee y accessing repositories of previously
aesdhingsadfethe kiresshe dyentiordshoud ngt bo cpnat@ed @s beingelimitd to the
silico approaches, to replace generall di ous manual.
adralypisi @fp a PFUCI| S§QRPESy P@fsuﬁlﬁaotg% it??cgﬂn&% 8&?1?%13,“&?1}1 SRYqjon are
from r ' ) ledusggyuence, in an

alth 5%%%%&%?5@20%81}%?%#@% Q?r%ﬁfr:leegl,l I's an inportant _
goal asufoheited elficidntidn ofthe propgestissarios pofteip rdinecidy flop an amino
unknown proteins s now bhein e publicl 20

. : €1 ng
afcad FegyPRCe, AABEEDRRD hegsiRdgs Setplig! A ﬁflla%‘ﬁ%%@a apjgpnt of manual
deh&r ggs&iggsdp&/ﬁfx Gho amf_(ﬁﬁttidrp Ered‘céﬁ.m ThY SufRhdt &5 R8N process
am no aci d sequence. ese thods all essentiall
NBlsRall$ prodtedstbyerct@sing rapobiyories b pieatdusty aceppulatd knowhedge and
"guilty by association” approach o(ger tes on fyhted' 1
gBHBE APIPHIGHERpRE-» 1ThAF/icPfSPRIQGCNRSN 12 dEpIaTH Seieraliyetedious manua
S c ' ' ' hdiflg amino
;S T PisCRRL LBINGE ppoicpRRCLY ROAQRE Shtpbhdine
hasie sequede, it apeutbyatedloe séngitiutdiyatbd nmssacisainiigyportant goal as the
approach is equally appl.i cgbl when t he .suq%gct blicl
s forapasienog thousapdseafprevdeqs noWH PECRS i BeThe fgg publicly
c iﬁﬁledi vided into a nunber of well differentiated
cat égori es depending on the nature of the exploited
i nf or Maluh@RowBNdethbids o besn propoded dor dete@miimihg pradeindwndtion from
used. 30 The first cafegory rgﬁi es or}’Lthe1 . £
ddeeqamenRandge gpinogcHl s@PeRfeo hHese mthogs 3 sssentiglly ypaks use o
a gl Sigd atygd « liftidh” approach operates
dg?ea%?te}.ﬁﬁﬁﬁgsggﬁlﬁlgi T e&%' T?‘lgia 1Tt W%S§ %déﬁb(gln cagg p.
slhariae @egeral prindipalrthgl fns giveh esagmbmeyofabiso sgjuane hdsea particular

roperties .
P pro%erty associated with it, then all sequences having that same segment also have

that property. The “guilty by association” approach is equally applicable when the
subject sequence is a protein sequence. These numerous methods can be divided into
a number of well differentiated categories depending on the nature of the exploited
information and the manner in which the information is used.

The first category relies on the determination of local or global similarities
between a query sequence and annotated sequences in a database. The principle is

that if two sequences share one or more regions, then they also share the properties
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that have extensive genomc4sinmlarities also have

the same properties. The nethods in this category that

have been proposed for carrying out protein

annotation _are numerous. Si ari.ty-base

ey 34 SDUCHE HotHods Traitne. e MRG0k s GReR et on the
tcﬁta% Jﬁtﬁ)nutﬁa ot d¥8Anidrhethbit hale é%fen%ﬁl@ g@ﬁ&hmrﬁi&hﬂﬁltws also
mthe out put of a database search, i.e.,

slmeare ¢he sane pegeiigs. Bhe orethods in ks sitegdry rthztt was@bmnrpmposed for

orlthms FASTA, BLAST and Sm t h- Wat er nan.
ﬁ%@ggﬁﬁmﬁﬁ(@?fiﬁm%’?‘sthe best match may not

be Opthﬁ&l simBIRRBLhAREd ¥r ﬁ%ﬂlo@?%hée@%%&@s gRrR{snm fnbBkation by

are shared by 10 nunerous proteins. For exanple, the
omgatitaattd arse afithpr dieefingt onthehbestilmatgh drodo thei nlstpufc afl a database

s U domarancs erod Bk By ae BF SRR fediy alEshthms, c.g.
apakyYAl B1 Al TI A FERENALGHAR! U%%V&aého%%gttﬁé‘ﬁfs%ﬂ the best match

inproveé results. Such a domain scan can
i mpy ek e dptifmel, epenighe whantctcahn@ wigh ;ﬂouIamShélat are shared by

PROSI TE, PRI NTS, PFA

PRI AE 3 clt P eI XS S0 QONE R AO TPl rmains
" BRSighd & REQR&ily aﬁﬁ&ﬁt@@@l@tabé@é%ﬂtﬂe@e ThBQ@@Bf #d8heMSscan, and the

approach, one séeks to determne groups of proteins

t vaﬂOIHItlen dindt dmalysisi of the fgen@ated) rogamt <an IsubstantisBn improvg results.

SL06 SoBL R0ty 10,8 SSRO oL ARNLER. OLERUTRALY: 6 hosir,

t BRINFY Sptpmt BROOKS &@R@Dbh@dithﬁa%&s organi sm are
assumed to be physically interacting. This 20

conpar &hé vecondfoategatyi ohmetindbbashbeqemmel kiawmes theniRasaiga stone”

t he protej ro ties. Theg third catego sejksto
@b WD e RiseiF st ebPivath rdiscaekniey Bsmisp srowps of
?B@&n§ t‘ﬁapzﬁ@ JBAENETa ik Jr?ﬁnﬁﬁ LATRRRHESs éﬁmﬁb fok&nein a second
ganisns. The proteins group that repeatedly

apxpgelamsmc posemablyone: madt bea fiesien mm:, Qgsqﬁn@:d thig preawmaptzon, the

nctional.rel ati [icat Ihod

' lgtnﬁ%me@ﬂ.s G fRE BuliigRe 5ERddn B bbb inideting. This
]f?ertl\FH 1R ¥R 019 8436 e 1% WetcPRinife (1B RidtEIa ishekibs.

the Tormof operons. Infact, the nethod has been

used sUibedusif Qﬂtl:dgyryt sgelga;p dleteﬁnmctgr@ma lof proteins Gt wpneatedly appear

R Bl e e o o Bt ot BBl of e
OPRNPNGat AefchRAB! ¥ppeal }RE ¥abhdlkhOfeObre Bfist fsifled to have a
category operatées on the assunption 30 that if an

ofiganomah rebtipnitées Paorélp@mnf of thimmiatlead hesh éoungdhgreat success with

! %?{QII'y%{nc ngﬁell.olmecsav\r/ﬁe\{em prox?mal gene organization is manifested in the form of

operons. In fact, the method has been used successfully to guide functional
annotation. However, it is not evident whether this method applies well to eukaryotic
organisms, as eukaryotes lack operons.

A closely related variation of the third category operates on the assumption
that if an organism comprises a specific pathway, then the organism will catry all or
most of the related genes for that pathway. For example, the work described in

“Computational Genetics: Finding Protein Function By Nonhomology Methods,”
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Met hods, " WD 2004/ 051282 P/ US2003/ 036750 5 Curr.
Qpin. Struct. Biol., 10, 359-65 (2000), the disclosure
of which is incorporat ed by reference herein,

Bl G AP S50 R oy B st B 1 orporaa

r 8 heferdld@hedr@n S 'dﬁélﬁﬁt% B M8kl firttiol!iRCRAM Al the pathways and
activity. As such, a protein is associated with a

f comoplexas i avhitls the nkelgis pasicipatast hathep tipnetnsugddst a specific

S A 0, SO L DAL e o

t{beotﬁgid}gtgﬁlscommnl y inplenented in the context of
DNA- chi'p or mcroarray-chip experinments. The )
under | "thcm dowts natpgdry iseekis whﬁrlsmdzftg qmbthmcﬁme@@r fhrpwght brzelysis of

func rel at ed prot.eins exhi.bi.t correl at

RIS }?ﬁ%&érr&ﬁﬁ%@&a € heihpd WM rplsmepied i ﬁre context
St DNWRhip HenfiQBSkSL AR Rpdrih&hPatiemdeflyiBg assumption of this
prevrously uncharacterized protein in clusters of

pfartdi cesegary s thatidnationally felated ipooteing mpdisexhibit correlated mRNA

constraints .on the ssi bl e. beh i or of t.he unk e
ARt e velS AnddtniRR SpErinenay tling T stk i) Parscipation
NBf & pRERIIYY BhdlaldcRBized drbted SEREIsRs APPHBRELS with understood
nmeasur es the | evel s of protein 15 expression, rather

t fianatiom émipeses|consifaintiRdid thepdskibieiehadbpobihe nmkgown protein within

ctro t wo .di mensi onal gel el ectrophoresis.
EEEE%{%IPF@H?HCSP"% W&etermine clusters of highly

C 0- eXPASASRIRnPYSidldn of s gén'éﬁatl Sprosinéiers BR IH%Q of protein
to determ ne the function any ‘uncharacteri zed

pexpiressivg, rathetethan tedledels of mrdiNAn wath thidielpeofvpdss spfectrometry or

pfv? ; guﬁrg?q%gﬁ gqa;;:ll%?rlob B Ovtl'g %&ﬂ?‘fi)?téet‘?@ o% %%t%rn%tne clusters of
20%'1181 - A &8 FBDRAUC hl‘he‘(:‘?r.'rster@ Qan #A8n bd ﬁsed%g Qﬂate;rﬁme the function

t he "di scl’osure of i ncor por at ed
r ef enemochahwterizad pFot@ns.1 Asiesallﬁd algsaipdion ' ofi thé lmetthraisr efgprotein

BAAER elayhiatrg 1t e eh Bl rRIAEOBRY e i ol Afmotation,”

i M@Z@Fd BEds RH%;»J}P b vdon ﬂod?ﬁqgo@ll'@ Qo@i tht Gisclosile! df which is
first address the formafion of a bi o- dlctlonary,

angotpoeaicd hiereferamedcicdn of a query sequence However ,

whi | t I th t h
porf or B8 SepafalEny ShaihgirotinG 1 FEFIO A S EgIoR 400 for
t eRfMDYSa § ﬁex%r%qlﬁérn€§ %E@ordhﬂg 95 tah WnJARHER dTOhe PResent invention.

construed as bein limted to the steps being
p&hé ofqibwllgphsmmioy of Fla.ahy will et i fxbslessr ther fommagion of a

! Bio-dictionary, and then the annotation of a query sequence. However, while these

two main steps of the method may be performed separately, and in the order
addressed, the teachings of the present invention should not be construed as being
limited to the steps being performed separately or in any prescribed order, and in
accordance with the teachings of the present invention, the steps described herein may
be performed concurrently.

To form a bio-dictionary 102, patterns 104 associated with annotated database

106 are accessed. Patterns 104 may be derived from annotated database 106. Each
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patterns 104 associated witéh annot ated dat abase 106

are accessed. Patterns 104 may be derived from

annot at ed dat abase 106. Each WD 2004/051282

PCT/ US2003/ 036750 6 pattern of patterns 104, b

VPt obpatieRes 10 byriee pf thogagt ek & h polBLIE Y Pr more
n‘gl%gs inteingﬁt%tédrhaf”a@ t@jged database 106. The patterns

1 may be assigned attributes based on the annotated
sequentkspatizinsaitdahay edlasdimad asebul&6haséd omthetinnhtated sequences
patterns 104 are derived. Patterns w.th

5 i d .
at ppitied databats (e oo vavich pairaRs, 196 2are gived. " Patterns with
A LB ISR LRSS B B, i
r fatuedest the h@motatekd | dardbags seyaercexhdlss,i areatiritatte afay represent the

properties relating to sequences, i.e., annotated
dfallanangs AeGexbaREYS; bt ol Propergies Jeladag, dp SEq1ECEsh e, annotated

sed! I i it )
SERHRRE gy STPUERESE a0 D 918, 1% e

Sskepien gestein Othee pingiteeity | 6fg aa sgjuende o othei sedquamdel yor tsegpiences,
i keness of the sequence to al 1 avai | abl e archaeal )
DEBYSPRIENE, 2 VGl DYOETE THRIVA fealikeeeh eh dissseagigncg to all available

RS20 B EOR 4 118 &R B ERER o Bposiion vt
e ppBiES Siengotentiah sédoaddrarstrustarpueiihe ;prothim aydmphsssrg € particular
transmenmbrane or extracel |l ul ar behavi or %f a.sequence;

[

t FrRUSRRg; theey ioRERSTSfa fransineralirans picxigediiag draavigrqliasgquence; the
Sj -.1. | I. . iL.fie 5 '_ .
R R
beifavarelr sigBalapdptides; i ytoptdfsmipasd tektraceliniahibehavise quenfiaction of
A further detailed description of the formatio

I . ] f a.
b PRSI iR 2y sedRetcep eApiiEsen delailel B%iﬁiflpséﬂh&f b dormation of a
dﬁ{o‘?@@ﬁ&a}y@ﬂpﬁé’ R&. A far abase, or conbi nation of
dat abases, conp}l2 'Sl ng one or nore annot at ed
sequeng@sotatsdnditabass 1 0 helydsearOdatatmge, corngomitsieatiodOof databases,
annot at.ed am no acid se%uences encodi ng. the pri nar .
s CPBHERS 810 PT PPt BRARLCdSGATARFe Aphoitied datebdse L faatay comprise
0 . ! i t A mteda
AR LY BB eSS o it
i databaesn dheltiéd pabldlei avafiats]s edutabasaatahasse, betndotT M8 to, the

[ ter- t at ed | i
BRI RN e GO p—

" SN, &SPr at b T vy, 25 r a e
OSBELSHETIRMD) s T Rk R St
t bambiimaticihheeidnferyefgrred tceasl BvissPeotSEERMRBIEY. from

bi o-dictionary 102. Wile the . . .
To annotate a query sequence, patterns with assigned attributes 108, 110 and

112 that match query sequence 126 are selected from bio-dictionary 102. While the
present description involves the use of a set number of patterns with assigned
attributes, i.e., three patterns with assigned attributes, namely, patterns with assigned
attributes 108, 110 and 112, the teachings of the present invention should not be
limited to any particular number of patterns or attributes. For example, in accordance
with the teachings of the present invention, the number of patterns with assigned

attributes may be varied and arbitrary. Each of the patterns with assigned attributes
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with assigned attributes 108, 110 and 112, the
teachi ngs of the present invention should not be 30
limted to any particul ar nunber of patterns or

attributes. For exanple, jn accordance it he

CSbEITNgET b1 P bp et ThERR e AN eth Groan vary based
. . r .

254 DY LioASSARRS AL WP S A e i ot

abised lout £ pred@eRNiNdd 0f 28 AnHCHINSPO QL8 BT Similarity Mfween query
110 and 112 nmaybe scored. The score can be arbitrari

) arily
f poaagnceqk26.apd the Apdipidualsequsncs, o SFIRFICES: %r@a%@@ﬁréaﬁ?é’ase 106

Clid136 bdivd Shu@fhs QP! ary embodiment a score is used
based on a predeterm ned criteria indicating the

degr eeThifis, stored ar4,tly 6 aat\id8 mayulsr Jeteraanrdefor @att@is avith assigned
the i ndi vi dual sequence, or sequences, of anngtated . .
qaimase 1956 118 gthd 19 rawme%p 2t o hethero detasd description of
S : et ]

SPRARRE AP, PRSI Bl G, 1S R 6515 o
r asgdetot detedmyine Anf amdune rpattemaiwidd askésedi gitribotesof08, 110 and 112

determning a score wll be presented bel ow. Scores
19ontrinutg t Aephyofeativibyic Vesiorh 420, 2 o et AMHhTe vaiors 120, 122

ST B O 40) SEOR ORI D IR, g

1gReranstqii@ie G rcotmaine oue odronwre AMktart2? ofathd f@ticene attributes
representation of the probability that. one or re )
| a%,sa@lmﬁsmm RAERSHE asgigar a@w&%ﬂ&g i%@@oﬁ%ﬂg figifer detailed
oﬁe%ﬂpﬁ‘oﬂ g‘isaftﬁf%ﬁ{%svegﬂ‘oﬁ A1 Wéljeée‘ﬁ%gdﬁ{elﬁt ributes

w th W

assoct ate patterns h assigned attributes 108,
110 an#I@.12.is A Block deagrabe todi dneckenghéag riaptware imiplementation of a
attribute vectors will be presented below 15 FIG

.2
i aiethod| 19 @n&ﬁt%@}gaﬁgg?ryéﬁqlgﬁéw gqc}qrqqg?edwét}lepne embodiment of the
' g‘g@sﬁﬂem\/@ﬁtio‘ﬂﬂ o @ 1ok NAhefstiod? gh@kehﬂﬂlsagﬁqj ﬁgé(y implement

sequence I'n accordance w th one e nt o
p regeidbdlogn\ 60 desnibed tbove. tApraesatun2¥r Singoided hadmputer system 210

apparatus 200 may j npl enent net hodol o 100 descri bed
a iy EMteragip Al 4,81e8 90~ 0o pPPREE! %M?Bh%u%rm@%eﬁ arrgeggsor 220, a

t i i i . G t : .
(BB ELELARL 300 | e 25 UM PR ST Ay iy
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(DVD) s ia kinawd idrthe ect, e methddsoaml appatatues disdussdadnkerein may be

n%s?r?bql%edagsd ag pa@tailcr:lgt oufsm%gfgguslrsee&'ap ?trse If r(‘:orrnl%}lise%ea machine readable
medium containing one or more programs which when executed implement
embodiments of the present invention. For instance, the machine readable medium
may contain a program configured to access patterns associated with a database
comprising annotated sequences; select the accessed patterns that match the query
sequence; assign attributes to the patterns based on the annotated sequences; and use
the patterns with assigned attributes to analyze the query sequence. The machine

readable medium may be a recordable medium (e.g., floppy disks, hard drive, optical
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enbodi nents of the present 8nvention. For instance,
t he machi ne readabl e nedium may contain a program
confi gured to access patterns associated with a

dat abase i sing annot at ed sequences; select the
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processor rb or singu

memdeN @ 36 addresLinbiBe atldielsablespbact ®ses3ed bY @ﬁddessoalzzo With this
magneti c or optical nenory, or any conbi nation of

10
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t Wltﬁﬁn HE&B{}V 23 t%gllsde g r&c%%%%& Q?@ g%ﬁe) fquglgytPg nt?f’d%at fd from the

enconpass rea romao

Whtimogln It@haﬂdaﬁd{cﬁé‘csthaﬂ edchelisdibited pﬁi@b@oﬁﬂﬁtmakes up processor
accessed by processor 220. Wth this definitjon,
. REQ ERREr2IBhCains Ha oney sddr %ﬁé@é@g}em%y pAcsugh Shastldslge be noted

er 511 18¢S 2 gh
pr oceé@%‘? Oal%:aczf r%({rﬂ}éuéf\z/re s&ﬁéﬁl nf or rra [ g% P‘rﬁ g?ﬁb? ﬁe 1@“0 an
neppieakion-beciHivaitigendral-inetisgtatedicireaich di stri but ed
processor that makes up processor =220 generall

cont ai RPtipeal videe digdey By hPgof yidsp disglay) Spltgb%, farqnteracting
akxﬁﬁ)l Q fufi2h %ger 5{]%5&3 266, %éneﬂ%lg a? AL la??/%tdé mo% :I:Qmputer

an berncorpora O an I on-s

gmttai oﬂ,tﬁﬁerlsﬁhﬂxg'rv&ﬂe@dhgplﬁ}cw t. Optional vi deo di spl ay
240 is_any type of video dis suitable fo

i nt er aditip fybe pedegstoed ﬁlahthﬁﬁfo%@g d@wn@ae%%%rugh%dhe formation
ot Eﬁrb%-hﬁén ﬁ’a{rg a9 d&%&g& i nzc%gljtin[%u&l ﬁ/?tﬂqgé ®rm 'ﬁBH'otf%gp @1ct10nary

Er SIm T ar vi & Unger st 60
t ha2 of FES. {10 Thevibmgatidasd fbicpﬂllcﬁdmwy( eopinvbives usihg a pattern discovery

f (a)llrgg?i%hlngnsuch as the Teiresias pattern algorithm, to process very large databases of
amino acid sequences and fragments, i.e., annotated database 106, and to derive
patterns 104 that appear within individual sequences, as well as within different
sequences, i.e., representing different protein families. Patterns such as patterns 104,
also referred to as seqlets, have been shown to capture functional and structural
properties of the proteins in the databases. Importantly, the patterns, such as patterns

104, may serve to completely describe the sequences of the database at the amino acid
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pattern di scovery 25 algori?hm such as the Teiresias
pattern algorithm to process very |arge databases of

am no acid sequences and fragnents, i.e., annotated

dat abase 106, and to derive patter ns. 104t hat appea

wi Jeweln FoHamingdara some grambles of paticray With @ftpytgs.such as the name of
di f 1 n

or B et GO SE Bt o U FROER TPl b s
referred to as seqgl ets, have been shown to capture
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SU@JEatﬁﬁl PHshOHNS aths), MRYGSLEVR [SE@ONMPI K0!y (=nad/fad-binding
descri be the sequences of the database at the am no
acflavopOtei094/ G31EBBTPOT/ (£2Q03P036P509] 9(Hagwglp. binding P-loop)

ko St TR RS T o Tibdedryoominetases)

f egt f
R e o L G o

{LMF} A[SEQIDNO 7] 5 (=cation-transporting

ses A[S

( C i e e 53%5 0% ey 47 fpospsgcghoice of

(j, Ny She Qrﬁﬁfopicgi Em@h%ﬁierhﬁnﬁ)o haap), x, WVBKR kKPHEED in short form.

N [ SEQ | =cl ass | aninoacyl -trna
syﬁhehﬁjmimé §) dertdtes a snttﬁ@pe(ﬂtlcm B&aidDhhi@ctet thjat can represent any one
fgfi‘ll ne/ t hr eoni ne rotel n k&nases) 10 In terns of the

no? £ oA D yoé"‘bm SR 195 SEQ I D NO. 12] means a
choi ce rRAYPHOr
aci ds L;ﬁeK(,i&%),%e?)Iagenlgg’%e%wra?%nggofjn shortéa?egir%na aﬁTem vocabulary
syfdnqirotein’ sedearmbeso dhes extghtethpothe tdatibase fisstd darkept up to date. The
character that can esent an

f the.20. . :
nafEPEMISP Bt @att?mﬁgwgﬁtrvﬁ’g “gppigudn TR, ot é}jﬁ gpyained in a
voggbu ar {}}e&frl)%l étg'%d Cﬂ%g& fd6e@5f€fl%‘15%§ bfd- &ib‘t‘ié&?}‘} 102. In general, the

protei n sequences to the extent
t heeirmt bie-dictioabays eayslesd usesl ke pefenipo tany dallectiobhef patterns. In this
a3300|at|on of, patterns #34 wi.th annot ation

" nPHARIES GRbOU PRk s topB e FHATTR Teiors, g Hatigns i that yave been
an

AL 8 OGBS BT il e
r ef @ adsiznadiio thedl ecti on of patterns. In this

particul ar enbodi nent, the term bio-dict refers
to patt Eh%geﬂ@@fmﬁﬁﬁt’e}?t&@ @%%ﬁlcﬁ@n%gm fis%r %@15{1’60"10“ of the

hayg, (ﬂ{:ﬁcgf ! f)@pfoﬁlggnﬁt' el ts?@n%%' Gﬁ 118 ary Building Via

annot a ase assi gn em T

el emeuesvifidhitighatchzabiMotii @iscnatyyIn dhel Siaqtlendes Spme of Natural
construction of the bio-dictignary can

e f
Ri enleinss Peareigp: Strust.Hn6h ;ﬁe;;etggh %4%] Q/P%9 theoglsgosure of which is

incorporated by reference herein. The analysis of the three dimensional structural

properties associated with the patterns of a bio-dictionary built out of 17 complete
archacal and bacterial genomes are given in L Rigoutsos et al., “Building Dictionaries
of 1D and 3D Motifs by Mining the Unaligned 1D Sequences of 17 Archaeal and
Bacterial Genomes,” Proc. of the Seventh Int. Conf. on Intelligent Systems for
Molecular Biology (ISMB °99), the disclosure of which is incorporated by reference

herein. A discussion and description of potential uses for the bio-dictionary appear in,
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of which is incorporated by reference herein. The
anal ysis of the three dinensional structural
properti es associ at ed vvith the patterns of a
-di ction i1t out onpl et ar.chaeal and
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for the bio-dictionary appear 1n, W 2004/051282
P@ﬂﬂdﬂ&@@@%ﬁ%?ﬂlﬁ For the Rirpwes sﬁsmplbﬂﬂeﬁtlﬁgmn gerbodimént of the

PTG, meRT HEG! T B HbcAIOhgielosse PRI IOgBIEM Pl @ laree,
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herein. The follow ng I's an exenplary met ogy P

f 04,2008 rdemectompnsaaﬂz G20 2mind acit seduicneed iand ifiapments 1t a grand
sho S co tely as possible, the sequences
ofota aﬂ%ﬂggggégsg %@6106 For the purposes of

i mpl engRL i gy afy, esmAdi,
met hoggl ogy, ﬁé May 1%,?&%0%?}{& gééég%g?qﬁmL database may be

SWCESEBB@JIH’I TimieMphases | lar the, first Lphaﬂeedhaj dterbsise algeeithne (using the

as a suitable ann 06 For _exanpl

MVBFFAmELETs b 6Hals g ehadee %ﬂsp?lg %quebfwghgwraéeﬁ {priable engih
t

T e

t hpatBuns i@reptds&"mtEfklﬁlmdammmaﬂmbmy)f pattery witking@chmetert Woand W.

phases. he first as the Teiresias algorithm

(&3? rﬁiﬁnﬁlweo e B gql &j%@ B st mgrEgy 3Ny @fhkomology
a I

R oI e 0P BIoRD, MR Bndi S oF PRkl obiained
d&bima nertdih atten iyt beplaﬁmg 511av1ﬂxhbardrpms1tﬂén$ smhermemfsthé Bé amino

m nl mum nunber of pattern W|th| n Eararreters L and

TAEHeh 81t RAICER Bat fR - Wiy dERsitelds eysrsybefEng qé the pattem that
ﬁﬁwﬂa HBURAh O DRRB! RWY andBINE niBfl 1&@'&1 PG GRS ins L or
a group, the group consisting o sequences

olntoae amaho faid mesaduesr tRienusp atftthe ﬂ“ehgswseqigm:thngtoaﬂénvwi ﬂactems is

bt i hos BoR ADRRS oo Sor ;9§P5§2@6$r fled ke 2ng0g) entited
t 9
g gﬁ(?n %P%ﬁl%?engt %@ﬂgg %%t% al ns ri_II_CQ’Q?I%QI ”Bet@&io‘ﬁ
arhsnk)suare ofiwheshiisl iresrpofdied bisefaénceherciiei r esi as

algorithmto deri terns is
g in nﬂe second p\flase atll 1enstances of the patterns in the database may be

located and masked, except for the one pattern that appears in the longest database
sequence. The Teiresias algorithm may then be rerun on the database sequences
corresponding to the masked patterns, but this time using L equals six and W equals
15. The exemplary processing described herein would require approximately 45 CPU
days worth of computation using IBM RS64I1I processors with a clock speed of 450

MHz. The use of a parallel implementation of Teiresias developed for shared memory
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di scl osure of which is incanporated by reference
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4 3dpie patternss ¢ Lhe, cecindangy ?fﬁgeprﬁﬁntg@?@ 1$@r desired giroperly to be

d . t ; ' . el epgt: .
Splabiee spicasenish 1t MBS Ry ey iy s
adbstsibed\irr &F 8l PagentoAppieatien BNod 9F5SRIME g fiteddfuab@le 2000)eentitled

ex | ar io-dictignary wi|l |ikely contain redundant i

pgﬁéﬁwﬁsw’ A@P?raslsgi%e; dietiarming Pattery Digionen Rompatiomelor Use in
L o o

p@@@%gg@ o%ﬁ%?ﬁf%, P Ak oSt %%%vlﬁéh gaﬁ%)arﬁgrgteg fby reference

cov y, 1 I ple patterns. The re
répeeasentation is a desired property to be exploited

during ,anpot ation. The nethodol ogy for creatjng a

bi o- di é@i%%%@gﬁdi ovgetierIedlns o) gmasipd database 106 are used to
i ' 0  f . Ju .

CSBb A p R 045 il O omation, oy

Pdttheasn widiudd beweitapld-for mmdigrong Eddbutlsetoi the pSeameincacordance with

Honmol ogy Detection," the. disclosure of which i i ,
iy thyPrreeng fREen- 0T IGEEPlG, guigblecaiabas i the Protein
a n : : a e :
B O b P o PR S FRng ¥ Passociated
i whithrthatlirendinomsoatlegoctprasfin ithef databatd and seqliermryinnotation may be

dat apase .woul d_be syitable for assigning attributes to
tﬁ%ﬂ%ﬁi@ﬁé? H@OF%HQ%E’&PJQW@SW IYenlie t eachi ngs of the

P ST R g AR gy b
pdetednfretor prddateaninefPadritidesn ©r majegbdesass enirdsed In an exemplary
embodiment, the SwissProt/TrEMBL database is used. The SwissProt/TrEMBL
database comprises a plurality of line code categories, each line code category
providing a distinct body of information. For example, the ID line, or identification
line provides information including the protein name. Another line code category is
the OC line, or the organism classification line. The OC line provides taxonomic
classification information for the source organism. A further line code category is the

FT line, or feature table line. The FT line highlights regions or sites of interest in the

sequence. The FT line contains information about features of a sequence followed by
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i nformati on contai ned i n andot at ed dat abase 106 nmay be
derived from predeterm ned entries, or categories of
entries. In an exenplary 25 enbodinent, the

Swi ssProt/ Tr EMBL dat abase.i s used.. The ) i
SHHEBEP OTFF RNt Absn Bin0g Agfitsdduss etimearktthe endpoints, ie.,
i C | @S, [ 4 F Vi qies . .
BB BECRUEAPE) 88 8R00 | HIEFEINE 8L AR Yuisomt fomation
t hbout Bhe ifewtyrear Thdefollowingaikiaopartibl st ff BV ilieSlabels present in the
i nformatjon including the protein nanme. Another |1ne )

c S¥essEIdgBMBL; databpge, dhat) argeused ing e exegaplpynpnalysis described
c:h@éﬁf':fi cation line. The OC |line provides taxononm c 30
classification information for the source organism A
further line code category is the FT line, or feature
table line. The FT line highljghts regions or sites of

i nt er edod #est he liBKguence. TFH]_éT%FT | i HBognt ai nguolest

i nf or nkaftohydboumetaat ur esbifling sequiarsit f ol | ogigalby

WO 200Btdpsp282 PCH4iS2003/ p8BidS0 12cabirekr s  domain

corr espaading t onphsindni notradntknt esi duegt hat s@dilart he
endpoi nks site- €., sitextent, @fit hiee feahod @ohd) t NBon ter
sequengrjix The FTglife endspyth addi §d ghal information
about the features. The following is a partial |ist of

FT line | abels present in the Sw ssProt/TrEMBL

datttaibaee ard datved rfony sedinfoimatibre censingd &r the pdcleydmed line code
described 5 herein: Mdd res lipid disulfid thioeth

t RHB¥BEE  Car bohyd nmetal binding transit signal

Pr opepychai n ' [ j bj .

np_bi ng' {Q?ﬂgngé@%ﬁérgtﬁ)? I& ﬁg&%g{i{?ﬂ g‘?% C%E%g%}gms %’%%mhﬁes sequence
| mhriotatdin 43QBfeeredSo RDEoM @ictiolreithXhé tuirdtdtionUsuss; etence 126 of
Attributes are derived fromthe information contained

i FlGhle Prhsaoresenicdawth 3 guery sepmenceso aanelgisy thesfollpwinggllustrative
t . 0 . the follow ng description
eggﬁg?%?gﬂee%egfé)%@ga' annotation as referred to in
conjunction with the annotati on of query sequence 126

oft) #Ht&mite Wheernsupsesenedsadlets anquee yBiSenideneryt Gchat match
apaptad e, the following illustrative operations may

be perfiQried;ue20o with tength |o|

2) for each seqlet g in § do {
2a) let Qsrom and g denote the region in the query matched by s ;

2b) use the Bio-Dictionary information to access all instances of seglet s
in the SwissProt/TrEMBL database and let P denote the set of
corresponding SwissProt/TrEMBL entries ;

2c) for each SwissProt/TrEMBL entry p in P {
- let {Pton Pro} denote the instance of seglet s in the
SwissProt/TrEMBL
entry p under consideration ;

- retrieve full SwissProt/TrEMBL record R for the respective entry p

- retrieve organism classification OC, from the record R for p ;
- if (0C, has not been encountered before) {

- create a one-dimensional score array with length |Q} ;

- initialize the array to all 0's and set 0OC, as its

attribute ;
- assign CONTRIB ({DPtron:Pro},8) to the interval {QrromsQeo} OF
this new array ;
else {
- add CONTRIB({ptron/Pro},8) to interval {Qiem;Qwe} Of the
already

existing array with attribute Oc, ;
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gfromand qt, denote the regdion in the query matched
by s 2b) use the Bio-Dictionary information to access
all instances of seqglet s 30 in the Sw ssProt/ Tr EMBL

dat abase and |.et 0 se rr ondi ng
Swi ssPr ot/ T b a(gerf’gﬁllgﬁliﬂ? 26 ouﬁ%re%rttegaﬁfﬁoég\n (sgcﬁppot oI Tr EI\/BL

entry pin P(Crea{g 357 Tayhe ch st
obrisegiet; s in tlht %%M %r o%lfﬁe}E%Bﬁ i ‘% ghﬁg gﬂht

consi derati on #SigE @%ﬂ?ﬁf‘g}aﬁ ' PSINSS SPr Bte/ ’WCEWBE {rqe@cﬁtodl of
R for the rf}spectlve entry p 40 - retrieve organi sm

cl assi fi cafrn he_re R R
hasrendt been en%%%%%dﬁ ‘“'?m} gf ? t&% Rgm"”q“g o
one- di nensi opal SEGEEIARTEY it ﬁt‘irékﬁ’éta PPEEELQ 45
initialize the array to all 0's and set OCp as its .
atid i but € FrORSIPGIFCCONTRFE - { {5f 8Pt HFS Fls Fhatootepap with
interval { frmmang dp::@foe.} tohi 5 imene apiiay nﬁb&@queﬁ@e -

agd OONIR! B CYPrT ﬁ‘fp%&}”al 89 1RGTPHELTY Bt ) B2t o)
of the al rea?elerxnstm a:nheayxswnt:éw {pdt.pl.putes &cp ;  }
VO 2004/ 0517g ﬁgﬁﬁf@gﬁ%ﬁ‘? Sro N BEFrRiFéor {Lazon Leo)

red for

description DEp dream 4 hee-BeCos kR kodreparray ivfrn( DERNAS|
nat..begn encount &F & HEf BFed 1Y Fodtbdl e g st £ as its

one- di mensi onak @@{mnecww {mmtmo}l )

an¢ hhhé¢ ?terval
Jrromt lfrom rom r Jeromt (lto from of this new array;

else {
- add CONTRIB ({Dtrom;Pwo}s8) to the interval
{Qeron+ (L fron=Drrom) qurom+(1to"pfrom } of the already existing
array with attribute £ ;

| }

2d) OPTIONAL STEP - repeat this process for other useful information in
record R ;

}

Patterns with assigned attributes 108, 110 and 112 are then compared to query
sequence 126. Any one of patterns with assigned attributes 108, 110 or 112 may have
more than one attribute assigned to it. If the pattern under consideration has an
attribute attached to it that has not yet been encountered in relation to the particular
query sequence, then an attribute vector for that new particular attribute, is created. It
is to be understood that the present description exemplifies the defining of an attribute
vector as referred to in conjunction with the defining of attribute vectors 120, 122 and
124 of FIG. 1. Additionally, for ease of reference, the defining of an attribute vector
will be described before the determining of a score for the patterns is described. An
attribute vector is a convenient representation of information about the presence of a
particular attribute in the query sequence. The attribute vector described herein may
contain a number of place holders equal to the length of the query sequence.
However, while the present description involves use of an attribute vector with place
holders, any vector structure would be suitable in accordance with the teachings of the

present invention. Further, any other data structure that permits the storage and access
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ito} { (f has not been encountered before) ( -
CREHIE %oro he- @i GPERLST-o AP conpleiniislyhagia valneafzero) Jhe pattern

P PR i i g Sane o

I Eﬁlmtetakha]t cbrr@sfpbﬁmto el regivnPbrrasions g ds@ui.§ lof dhdPhlis@sequence
of this new array; else 30 - add CONTRIB ({gfrom
Pth@} are gnatehedt Be thatnsitomy  (Ider eRnniari OF giopmierse rijat have b value

ST 1 T B! BB RRE Lo BEA D O v

PL@GE S bOtheatdlien. TheS te firsf @it atthofifth Onit Ut b fRegented as {1,
40 Patterns with assigned attri butes 108, 110 and 112

abe Theppticohpay sentribuigyalugs todbe adute Yotor inERe 19HB: of
patterns with assigned attributes 108, 110 or 112 may

have nore than one attribute assigned to it. If the
pattern under consi der at i SANTRIB({Brm Pw}, s)

wherein the above expression indicates the amount of contribution a particular
pattern, in this case pattern s, has contributed to the attribute vector in the region
{pProm> Pro}. The query sequence is thus annotated incrementally, one pattern at a time,
by reference to the attributes of the matching pattern, or patterns, the patterns in turn
being derived from the annotated database sequences.

If, on the other hand, a pattern has an assigned attribute that has already been
encountered, the pattern merely adds the corresponding contribution value to the
already existing value, or values of the corresponding counter, or counters. In the
situation wherein the attribute has already been encountered and an attribute vector for
that attribute already exists, additional patterns may contribute to the same counter, or
counters, {(sm, qw} as previous patterns, or to different counters {q'som, 't}
depending on which counter each pattern matches. Thus, the units {qgom, qw} to which
the patterns contribute may or may not be overlapping.

After all patterns in the bio-dictionary have been exhausted, the attribute
vectors may be sorted and ranked based on the total amount of accumulated
contributions each attribute vector receives from the patterns. Any other suitable
ranking or sorting methodologies may be used in accordance with the teachings of the
present invention. The attribute vectors may be grouped into categories, i.e., by

attribute, and ranked separately within each category. The top ranking vectors, T, of



attribute attached to it that has not yet been

encountered in relation to the particular 45 query
wGeeguosee? then an attribute vector for that nROT/US2003/036750

particular attribute, is cridated. It 1is to be

understood that the present description exenplifies

the defining of an attribute vector as referred to in

con unction wth thefgﬁfl njng of attribute vectors

CRSEZOL gAY beadet do he Dregented Ehalussr off Be ragthedalegy in a
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escribed be ore e determning of a score
pptet:fsellyS:hose ahenterd bed, ghh thd vedré mathieé bygaittemsicarrging the same
conveni ent representation of information about the
p?té‘é €e of a particular attribute in the query
sequen ad kR atit .
> contal mi ! 4R L erd SEARROPERERE AR DB 0P it with the
otorrdspowling ynfoanatmnciom thiewenented wWhiquencéshef theesmotated database

d ri ption involves usge of an attribute vector with
pﬁiéelaﬁrs PEPENCIR gy e rFarierampler & Hobown Bty il afittes are

| f Iy

| e SRAEAY Balirh 1006 FEAGH AR Wil Sshell atfB¥es comprising

peioAditisortane 162, cmdghernpattaanc asth AdeRdd0Air{Hnisi8H08, 110 and 112 are

PCT/ US2003/ 036750 14 of _information relating to
10 aHsfst taranAta e ARt e quSRCERP- béltgaigtvelyy ashboppaadi. 3, annotated

i H?[t%‘a{sb q.'@G E@ﬁﬂo %Boxtvﬁ' Sn @JI@C? b&h@%{ﬁﬁ h{fnc}tgc@d %E&lfehpéét {§ used to

vector is assoclated w t

C derineqratterblad 04 casrullser shbwnhm EIG} yl. Meﬁls\mlﬁlla& Khén Z@rhpared with the

The pattern 5 contributes to a region ant,‘}
U SCUDPP Bap-cas, dee showsy it Eler Loy e va| @ pagigned to the
{ r
{ BHRGEY Fod R PR, S8 Se B o o BE:
15 by t heGpatrhity,nthe Hie divtiondrgrforméd clounid @os be tsbat abhaveolction of
value contrjbuted to themare denot ed by indjcating

t REBRYPAShIN. gvla?mneﬁéﬁaﬁbf ¢Aptures a single, unigye atsmutatosyheo@atabase
A0, AL 0 ] o ! A s s

c specifidh singlevaatribate may bdﬂ asadlt it racbortignce edittothe it€achligs o tha present
CONTRI B({gfrom pt o} wher ei n the above expression
i HYYPBtigne yt ﬁelwy %th & PaHEIG M0 AlSE GaEY tnBlplg attribtes.
[ t

20 ﬁ%&eﬁ%{i t%?ull t%tcélh@étﬁ%? ?elz%%ﬁi il fr%esdata%gscé % ﬂér{ée? Ul%‘lgq'eél S crossmg

q fglchios cuien steudtisral Ibusncanes)t aAechucmcﬂﬁﬁe lp‘aaérhy monNde ass1gned
pattern at_a tine, by referencetothe attri butes_ of

t Hléﬂtﬁﬁ% efiribiges at-hepatteray bejng pevigned mpEDlsaatirdufes i different than
tH{e oné) E)I &QE ?&rrés}’l)&?%eﬁlﬁ Qﬁ gp gpetd?cla?ed o%%ﬁplgsgatabases such as
sequences. er han ftern Ras an
aBRIOSIER, IHI]]I\I‘IISOchﬁ]NTHR&’RGlaS al r eady been 20
encountered, the pattern nerely adds the correspondi ng
contribution value to the




al ready existing value, or values of the correspondi ng
counter, or counters. In the situation wherein the
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attribute vector for that lattribute al ready exists,
additional patterns may contribute to the sane
counter, or counters, {gfrom qto} as previ ous

patterns or to different counters {g' from

dependSheilaly, fis iR-dginmenr may alfo santest Wu#atle ﬁé%emsrﬁtt§f which
the éé@féﬁéd {}%f 4 aﬁ‘ﬁb&tet&' %\.Jﬂ‘ﬁb‘tllt]es tﬁ&t‘tﬁe{i‘t theegen be patterns that
contri bute may or may not over | appi ng Fter ait

pavdriapnwith Pnt heotheo- dihat | ey rogive of @aequex lsetheajmay also be

t he attribute vectors nmay be sorted and ranked_ based
Roverel b PRBlATREmS! Bich SHihe PEPm ANHIB LR Fesian ehite duery

a t C f t

L e 6B T A o 0

ugiedqiely 3eiRnERBE @oliring thé @otrespohding Segibn,t dreregiyngsefnthe query

invention., The attribute vectors may be grouped into

c 8RS eWhen nanltiplgpattgings maich & parkighlay sggtey Ok Hisaquerepeguence,

BRI 5 S e R B TR, Ty g e

beivedesdiod bethe dueryhqmeres emitetda hombBerusfatistiict phleerns M. Tn order
nmet hodol ogy in a coherent order. Each aof thes

A A e ct 5r ¢ TR baknEFie, orEFeA Jigh rilenin the reported
p | {

PSS SR e oSl ot

The anBgytdefihivionodach loé ttm;&tﬁym@@@ﬂ&ﬁn@-dmﬁﬁmﬁﬂy&nust represent at least
associ ation of patterns with the correspondi ng
i VO remenson the safabas HitnotlBiedl SHRMRHSCOYer & I%VGH region in the

Fg@&g @%@eﬁ}%@%ﬁeﬁfoﬂé@%ﬁ% Iﬁ{?@?ﬁ f\91‘i‘1 ?ﬂuk%e@ﬂéi BBl‘&?r

first assigned to patterns 104 to formthe patterns

with assigned attributes conprising bio-dictionary

102, * thetg etﬁ&srthegtttléaf e %t%hﬁ‘sea%eéltl@??éﬁ %tcwrpmpé@gt@eﬂ of

110 r o)

126. S PR G fOpHREE, hE iRBR B Gl B foB e R0 fonccs,

dat aly@gsecidg Gimida QltB 0ths t‘aih\ﬂﬁo Iaﬁld:hﬁghﬂorhﬁml‘r‘swrsﬂmﬂlg this
annot at ed sequences is used to derive patterns 104,

as al BEDEMSHIN #dF1 G 1. Patterns 104 are then

conpared with the query sequence 126, as al so shown

in FIG 1. Attributes are then assigned to the

pat tethadatdbsbe éqicndm] Ehwilleonywsaoiihe ideaitify?6f ¢agh agino acid

annot at ed dat abase 106. 15 Cenerally, the

bi o- FoBtAsHAR pashofRepadtesis M- not be seen as a

coll ection of patterns each of which necessarily

captures a single, unique attribute of the database
sequenTig datibiseasquienkes) &3 owtever) apbr Mafraiod Iooﬂm'un d>h npe attribute
site. Wile patterns_assigned a specific, sing

ate @nn@tﬂt%thﬁwrt@é ay &qgien of ¢ g% gesTy a%@nw t ﬁNtw@lheé sf: fhedgdatabase

Ofsecfugﬁ‘ceg rh?ﬁggibartlcular attribute, i.e., a metal binding site, at a particular region,

then by the “guilty by association” approach, the chance that the same region of the
query sequence also has that attribute, i.e., is also a metal binding site, will be
proportional to N/F. This concept may be applied to every attribute that is attached to
a pattern.

FIG. 4 is a schematic diagram illustrating an exemplary implementation of the

present invention. As is shown in FIG. 4, a pattern does not have to match an entire



i nvention, by design many of the patterns may al so
carry multiple attributes. A 20 pattern can match
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regi ons crossing functional?” and structural

boundari es. As such, these patterns may be assigned

multiple attributes. The patterns bei ng assigned
attrjbutes is different than the one-to-one

| ti pl )
¢ 09590E 196 7t SRaRASE S5HHECe O PT SPRIEPESA dO 5rRSEH Wy analyzing a query

dat s h laTE, .
PR RMB AEFAEAFALAC b AR, o s
biewpldiitty liokal withray t@bs msefohirabmlyring thel queppbégicnse, ak Ishown in
of which are assi gn#%? the sane attri bute,

or .
atPWPRGioasvitEsrquaRee #2 REQINAP-7d apd sewiepee #¥MESEQ ID NO. 4] in
0 | . | regi
Qo PRl B AR IO Sy Bt aRe 1 (820 D NO.
pdi,tsequence EA¢REQIIDING. ppdridehe Que@\mqlheglge {SE@ gbdgiooi]. In FIG. 4
the query 5 sequence wil] in general be assigned one
oft I ARGIIL {1} ¥ BRATE SOIGRRE I8 ABnGIRled Uping ahi-(istionaryeand fhgtypatterng
s lgrin ol ' :

; SRS el M ! 18 EEBEETRERERS Fiplog e Frmation of the
paid-dictisnanpt it hwas pdetérivdddarthate @hivsinof matbResq Wkiey regions in the
sequence the patterns_and the respective assigned

aSPRISBIRUISEMRIy dpigbassniBeflowing tesga ice regigns Rackyia dhe database
r i . .

QPG i tar PR P RALENGE e Hp @b RBHenlls, pattore spans an
eimjervaln {PRLADL DI dftd Bepici ©E the datgledsa saqiengd) {famki.NGeatd), that is
t he repé)rtgd results, a | arg}g}gporti on of M patterns
nfeRotFed 38 sp PR sl-at 85 Mptidingy The fintgrvial divem defcienotes the

of ; 2 bi ot di et r.onar S
RS PR ST al [Fop o] S Lo SRDRERAR, prample,
pabitenneontiiivges @ the Uepothesl afithe Prdsbice ofueraytisl efpibindihg domain
then the following two properties will sinultaneousl

h&t the qusTy $eqEpReedly) igprementng Bieauppert ehthedagatioas d ot (ironDrom),

SFRERSZ)or AL AP U QPO leoh ) ORR a o

seoptsbwtgm, F, being simlar with the amno acid
nei ghbor hood surrounding this query position; and 20

the datfabis gUe¥qtrdrenss, Contapy (3 SBSACUHIGHE, t then| eght ooy of the

0 - j [ tai j c t at S
e e Y A .
contespomting e tied httrithusé evill ZantutatidBRpbatwellt fieindapdrdentdydprovide

regi on of the guery sequence. If N nunber of the F
d8¥PpeHJfer the attribute at the respective region. Conversely, the number of patterns

matching the query sequence may be used to determine whether the query sequence
actually contains a given attribute. Namely, as the accumulated support for the
attribute increases, i.e., as the number of patterns with the assigned attribute that
match the region increases, so does the likelihood of the presence of the attribute in
the query sequence.

An attribute vector may be defined from the patterns with assigned attributes,
the attribute vector representing the query sequence, as described in conjunction with
the defining of attribute vectors 120, 122 and 124 of FIG. 1. Following from the
description of query sequence annotation above, if the query sequence is a true

member of a known protein family, then it is expected that the attribute vector for this



sequences have a particular attribute, i.e., a netal
binding site, at a particular region, then by the
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same region of the query siquence al so has that
attribute, i.e., is also a netal binding site, wll be
proportional to NNF. This concept may be applied to

ver tribute that is.attached to . 30 t

iy 37 bl ot e Sl o B¢ He iy Yl b o query
QUGIBREAT S’i_rﬁilﬁPl'{y?ﬁ‘%”thﬁH @quéice cBRprissesgBbaliraMenileqonn, that
is'shown in FIG 4, a pattern does not have to match

dswel répresewed 10 Oy dBalese seaoPiaesbesit a3 Blivelp that the afibyte vector
0 dat abase sequ e, or, sequences,. t e usef ul i

e Ry Socisirs L St eSS AIRERR g fostey Ml of e query
th@lenfe. PEE 5:EEhISER HARSr, B0IheNA¥E dequélRéahams hlyrd [vdbleregion
explicitly linked with it to be useful in analyzing

twigh theesames domeine ¢henathie sloosponding catjbutec veader wilt have non-zero

#2 [.SEQ | ). 2 d #M I.S |
P g o e R
i ncl udgs HAIURNGSY Hlsd PGk hdNGie &&éueﬁ@%t@l%@s étily hpblion of
ID NO 3] and the Query sequence [SEQ ID NO. 5]. In

Rl Bgiod frany ajdetabhesnwequénse, of sqURangess be 8 MEEryi ssqugnse tathenly the

usi a bi o-di ctionar.y,.and.that patternk. :

st By e Aot O B e dumng: Some e R Furthe
f QidiBkd @R rFhidhilf, avekdde @hé blafdiad MevihtiBPal it fBF therRgfected size of
that patternkK matches three regions in the 10

Swaicls ©Prthi TropMBLkingt atsiestes aBchisoseinne fefemeingdbyethe contents of
regi.ons ck_t.o the. dat abase ..entries, it .can,be

EtRT A06° CHEP renishang e b6l Wsfipddery sequence
P eSdita SRARStedstarcB I8 Eeakated &irTHRB orin®} a f@Fmant! €gi on

of "t he dat abase sequence, {featfrom featto}, that is

annot dingble asntéxtpiljiretdinategyence aanqtatign, shesprisend inugntiorhallow for

i nt . {I it d t he . int ti f

G b P SRR b A PUSRALRL, ey e o
PRIMok GiliRt BX ARl 8ad bR MERAKesCHHvESDHefuekP sédience and any
hypot hesi s of the présence of a partial atp-binding

deotsimalrdady preserd i pyy avaijeleln detabase; the likamass phiicnery sequence to

PRy o S A TR LMD s 5
VRGERn of ReWRL asid! P@s_iﬁdir? vifhin (6O Qhérybsdghérite; e thacter of the

query sequence contains a given attribute, then each o
oseeomfary $teicti2® op titeemuerasaqyensa e pduictioatof @migo adidposition within

tch the reqgion of the query seguence corr ondi
e R b B P R B PV e Sipjcegunt Bealir of the
' ﬁ%@ﬁetﬂg SRhY and@'pBYiHER of HIREAY Hoth@ins,! Adivalsites, QPoketr@islationally
the T'espective region. Conversely, the nunber of
pmbtl'rﬁe_d$ite$mn¢ kigngl pénsides)enyyopiasoie and extigcelinlay debaviqs; and the
dsel}n? a1[1ntyngf t eealrllgrg/ stepp?en%g G0 Yeach 1 FHE Hhree phylogenetic domains as a
function of amino acid position.

It is to be understood that the following description exemplifies the
determining of a score for the patterns with assigned attributes, as referred to in
conjunction with the determining of scores 114, 116 and 118 for patterns with
assigned attributes 108, 110 and 112 of FIG. 1. In accordance with the teachings of

the present invention, a weighted, position-specific scoring scheme may be used. The



actually contains a given attribute. Nanely, as the
accunul ated support for the 25 attribute increases,
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attribute that nmatch the ri@gi on increases, so does

the |ikelihood of the presence of the attribute in

the query sequence. An attribute vector may be defi ned
from.th atterns .with assigned tributes, the,

TS RS tor e B el oGt Ab U RIPYPIL BiysBRibis atfoctsd by
daBE& 6V PR Prosbht&iIH MRS dAEba M‘wel@@oﬂs@ﬁe% ngtéﬁiﬁﬁl@ﬁrotein regions.

attribute vectors 120, 122 and 124 of
Fol | owiAdwpver i rwas esatibsd hiopt the pattérns withyassigupdeaitributes are used to

annot atj on,above, if t uery .sequence is a.true .
B STV SRS el e RS oGt R Fprresppiliag fobareigns of the

t habryt Rguact hi . | i
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i teouitersgefh tifer affnilate hveptat tcerrespohding rat pdrtieng bé thrigngry sequence
se nge. Simlarly, if uer.y sequence conprises a
glr%%%eﬁﬁgdﬁ%ﬂa}t{ep}se%ll IH)&TE‘? %:SCI? is well represented

in the F%a%@m@@, FYRHEAL BSondl S8R bhitdris hiakeht {

attri bute vector %?or tghem}quer yegequesncé1 V\d%éﬁ%&g e quety
v akqsnce dheregpondi nggit end gty wegi. on mdy bhesgler gerdote the amino
sequence. | n _an an‘al 0%3?3 rranﬁer i f.the %gerg/ i

s eloraensh raedAige Toes of Byiest i e ilERe AR and in the
deimblbe Jcf@éhckh®, £apdcaTAYN q*lﬂ@leﬁt{tilr,.'..qat &dvgﬁ?.ﬁf,} Wal'be used to
have non-zero val ues cofresponding only to tHE quéry

s elgnieta cits ¢reipbiits oivihe refignsngartied byah@phtterd ke tH quéaf $edfence and
nga ari se wherein the query squence contains only a

pdhe [dgisbese sequerss oh TsRsavivelYat Bwthee aeqmpefiers, ien patterng, that

S N T - S e i | e, 10 .
SUSESR ol g BB RCEOR BB Sl 4 i s
t hinsotated wathi adribute 4. hel pful to further calculate the

m ni rum average and standard devi ation values for the
expect ECHPREY Bhtterpa@py also breg togetbhgr emsenencatftagmsnissech with

a [.S: ] e cont.ents of databas
) T S P bR PO A o o
quéthe SRE@HRN 0L hERERSORlity BofOMBlqRES Jefsdneb ad e st coming
stated attribute or only a fragnent. 15 In the context

offop} dreeflatalinse saditcacarinotla mere sinilar ghessdwe fragneents aie to each

al r det.er.mnat i of t f Ql |.owi .
s 1t AR LD A0 B By
| Sequehcd, ithd 4teibuit®4 thaicialasothted witia theStegidnadfl dak®ase sequence, d,

bet ween t he ﬁuery sequence and any E{gotei n al ready
pPeBeRt --i B WHY bavairied siver Wahapegien of he queresrayencsq i ghdis - i
q ue t |. avail abl e ar chaeal, bacteri al
e%ér{%/}g? l?ec g‘ﬁl gyvll%r 3?”J°§18§%1§n8@’ ofch. 5 THSTe sh @ ralier Straightforward

f un@heom whicArpateraCdad agitutdth Wet dHributd GedidCloY attribute 4. A
sequence; the character of the secondary structure of

t KeOTHBERYIIE dg yeacie generatel aontritiugiansin apvsigomaind content-dependent
PR .

for m=1 to ¢ {attribute_vector {i; +m—1}

= attribute_yector + f(scoring_matrix[q i m-11[pj em-11)}

wherein m is a variable equivalent to the endpoints 7 of the region spanned by the

pattern in the query sequence and j of the region spanned pattern in the database. In



the query sequence; the cytoplasm c, transnenbrane or
extracel | ul ar behavior of the query; the nature and
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post-translationally nodif20ed sites and signal
pepti des; cytoplasm c and extracellul ar behavior; and
the 25 simlarity of the query sequence to each of the

t hr ee | ogeneti c .Jomai ns, as functi f ] Q.

S B BRAR Sy BBl o A U A vostor
f 2 drSnf hAl 8815k BS iHRMeBre8 P kintilRity b&teer Bicedniing iatids 0cupying
a score for the patterns with assigned attributes, as

rthé grosiions o7:j:h-1 eohjupeti BAPSAIHYAIYL h&uBkicsr fiDh #§oys, may be

scqres 114, 6 and 118 for patterns w.t [

d’zﬁﬁ f)xu"'f e@ash 1e s_fsj?@n%ﬂa&t% écogﬂfngl:fnétm& usqdh ca%%e%ig 0¥ ﬁl%%tandard

n accoraance

' ' idehe present invention, a
mjﬁlg%%rg%émédaﬁﬁg HatrideB!

posi tion-specific scoring scheme nay be )
used. Hhedido2004] (06 2B PCT/ZSRQBGDBBTElY orftrgment being over

\&%Igggegetﬁggq H\F}g%ﬁtelo Wlé&ﬁ%@:ﬁ@@g %ra{ﬁggsef ﬁg %Hgitiggaltclaﬁstraint may be
O o'é&f’{h%\.sggkglrl ig?ﬂerjnrbafnﬂﬁ cHatiBRRSE 1S sandd AttriRfs edck@dnore than

proteins an ein regions. Above, it was described
henwet lieofhat terdssifiskemplarysiagined capttires buyakcaaservedwgionghat thus

C oS i Teeer 5pbe: oo aiap e e, Halabhegt bEudRAE only one
MRk e %ﬁo’[?enﬁ’@filtl §6rﬂﬁbut§"t'tﬁth@‘i‘g&?%tiv%%ﬁﬁb@t@tv%@tbﬂ Wil |

contribute counters of the attribute vector _
cor r espqrickmgpttem with résigred aftribites wilk egntgbaje émeach of the attribute

mat ched by the patterns will now be descri.bed. For. .. .
et dhatoorsaapay ARfe ek thg i RE s cBRfibtigns will
r &g f l¥not2I 8RB Re sbiRRAcitiadGhdance Hithe attribute
ag%eg?,ogjhfgq‘%?@%%axnn%y be useg St%&ggnotl'e t he az!\mr_n' no 10 i
amiatthse theehssce épthesquery sequenst. adbes dffersat pléribige jvigetors will

t he query .sequence and_.i n t.he.dat abase ng ,
BB OO Of ppatti DS TR R ARE (HRRIE Bifern, Fypher, the
u )ﬁ/l%tg%ﬁtg of $RRO BNt PRHENRORA! AsS defentingh m@gjo%nsvﬁﬂﬁﬂ @k attribute

b e pattern 1n the query sequence an t he dat abase
seet@nce, d, respectively. Further, any pattern, i.

e.,
g Zghzgﬁgiintg qﬁ%ﬁﬂ@%@g}gc‘?’w nhcfug%;f E?eqblrali?%l, %{%ol%gk%%té%b%?%, total, is
g%g&@h@&l ré‘ﬂréé@n@l&ée ?'st@cwgﬁce%f Exsi! adual BatHae bR lfheﬂ@ér}tr] sequence.

ring toget sequence fragments each wt ]
| Fogévesy patteen withmasow edd asuehes neprésentieg aremptaoceapi ¢ s - ¢i 11
in the sequence, equal tq t span of the patternkK,
oﬁi@eqqe@gff?éﬁ?nceoﬁ%?gs‘mdawﬁtaﬁ Olﬂ‘i‘gry sequence and the
other comng fromthe database sequence d. The nore
simlar these two fragnents are to each 20 other, the
nmor e | ifleehyl id¢ {iotdlfat- mupdh conpl etion of the

annot ati on of the quer
= total{i, + m— 9} + Jy(scoring__matrix[qmm,l][pjl+m_1])}

Thus, the i-th position of fotal is a number representing the number of patterns
that have contributed to it. Each contribution is weighted by the degree of similarity
between the amino acids in the query sequence and the corresponding database
sequence, as is done in defining the attribute vector. The function f(.) above, may be

f(x) =27 + const. Note that at all times during processing, the value of fotal {i} is



sequence, the attribute A that is associated with the
regi on of database sequence, d, pj1P2pj3 ... pj,
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sequence gi,gi2qi3 ... gi Q21through the "guilty by
associ ation" approach. There is a rather
straightforward manner in which patternK can

contrl ute to the attribute t f t
SRR fale o SR pt g aed B pafice B of
%h@%ﬁﬁdt@@ect&?g?ﬂﬁﬁtq% Bl dgpgesdent manner as foll ows:

for nFl to e tributé vector {i 1 +n -1} =
at t ri bohe alect the p&ttdrns( wewhingdhaquery s§qgencerhaye }Deen examined, the

Ll hed i SOGUICHELR, Db 2y P S eL BL BP0y e

' r brnlizédalh e BY 200 SRRENRE each attribute
p%%h%%?fnﬂ?bﬁ ;S P oRe bl A Galn e By 200 8

PGELddS2 BR34108 67 8 frazGombhthe tolot ehntriltutionshatithis gttyippte vector has

3%2%1{3(:3 buefx;ﬁ g, he g’# 'Ti 8% a\{/lg’g ntht tq(ilfgryfjggqrugltéée“ *Wéﬁ conserved

SLifudds ¥ ﬁﬁéﬁ@ﬁ% 4 Ql%aﬁﬁhﬂﬂbécbﬁﬁat@ﬁféu RYd Bfhs Willereceive values
positions qi,+,,,-i pj,+"2_1 resp ecti vel

Feloed ﬂodl@Ofpe(c)ent aﬂmwwgll natgseb@d aﬂ(xhgtes:wgkberm@tgggd by fageer patterns

scoring trlx cori ma d can e an

S@rgin@gg gquAW FSG‘BL%@M &E:“Srﬁ “ﬁaétvﬁyc% norfnnillzﬁ)lg atdﬁﬁlonally
e@éﬁﬁé %e{) Bgu-8bh SFleSeiRfrefot YL 'fhaoéj@r? 'sElqlfeﬁéE hivifg equal lengths

agrrent elng over represented in the, i
%c&&?ﬂwptoﬁom@ateméﬁﬁms eonttibetiond diue ite dsfferwﬁs i Bepumber of
i mpose at a attern canno |bute
t@ﬁm@t%r@ttﬁ@tgﬂreﬂ&?@r@‘%’b:ttogr‘)v?fﬁ?péesteﬂtg on %8%%?‘ 5t her
wor ds, San’ tHRAtHBDURS vEARS Wa®S bleVBbIm 4288 ethe Qfhits are
regi on t at t s 10 appears in a | arge nunber of

SeérssiPhastd 'hrEthLtoobétmmge o£ @qml’q)@tasns tsakiyednelhe top, 7, ranking

nstance of t ern ntribute to t
Irgécﬁ@'@t qrgéncg?i] r Ifg \P@C% tlog&P 6?(Dllétﬁu ﬁ‘i {ngaiyngmnglﬁosed that any

Z?@P?LE@ dybhit BYtd ﬁ}t)d%eldl by* AOH-£rB Watiek QveAs nBimbenumber X of

ute vectors that correspond to those
abbuﬂtﬁstﬁ&vaﬁh@fakﬁbnmguwf-dtﬁtwe contributions will

depend ,on how an an at ed dat abase seque |

an i nstdfiersiyri Pﬁ@‘“é(?t? E?fi“@eﬁtg tt %e%rei%gqlpﬁé}ﬁgoﬁ\ggwe been
' ﬂegcﬁ%etg "ﬁ%f h,SEqYER (B% unfiBifooddinkf BlcERberdicnr ish’&tit%mﬂed to those
vectors w accunul ate di fferent anpunts of

C prdciseberhbatimentsmand etha;tl Verione mthqracltaegfrss and-umqdileatioppanay be
anmpunt s of .t hese CoTlt Lf_.sl ons.
killgd i1 |

[ d .
pggfmtp@) theigin By One | %Wlt%)& ldgpar? %% ﬁ]gt'i]).F (éopetol}espmt of
a@l{koll{n%ﬂt% Ofhd RAHHE SkaRfpid RE BrovRleR 99 KikRARieNBe 8¢dpRYand spirit

of the present invention. Because these examples are given for illustrative purposes

only, the invention embodied therein should not be limited thereto.

EXAMPLES
In the following examples, a carefully selected collection of example query

sequences are annotated using the teachings of the present invention.

Example 1: UBIQ_HUMAN



20 mai ntai ned representing a sequence of a length
equal to that of the query sequence. For every
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instance gi,gi2gi3 ... qgie22n the query sequence,
total is updated as follows: for in=1 toe {total {i i
+in - 11 25 = total{ii +in -1

} o+
f ' tri i1 1] pil T j. = .
posi ¢ B el Samknats Pagraee By T e dee ave
%%%Lt%?llf:%ﬁé | SentifPhuray ﬁbig@i‘ﬁh{ UJBTQ_SHLUMAN ! Thé&BeMlts of the analysis

on I's weighted by the degree of simlari t%
s vieem IGad) FiG. Aand FIGn6.t Ae cyube seea dipue FEe 4 FdGt hand FIG.
correspondi n at abase 30 seguence, .as s done.in

dorthe ShePr s Pt 3R b e coRAES TR et e O Bp} Bur method 1o
aREUEy BB RBe HE Xdconddy strubRRSbf tNOhBgrhélR! The ddalization and
times ‘during processing, the value of total {i} is WO
2004V OF 1RB tRCAIISS 303Id338d 5ans 2hy he seendn Hlbah Bds important to
equal to the xt mum val ue .encountered jn the i .

67 bewiihe megiag cgrrecy, determiprhe 2 i e Royign ?%%eg en sites that
QHE Thlevili 6 T ﬁw@ﬁ&? ofthibiqtir, A6 WRAL b HRSprEREH ahd ekieft of the
guery sequence have been exam ned, the contents of
titdquitih doesi ti on of each attribute vector are

normal i zed by dividing by the 5 value of total {i}.

Mul ti plying the normalized val ue by 100 gives, for
eaChahiid BUAY 9 GhFe FedofiRApUr © Of the fraction of

the tot contribution t%at this attribute vector has

r ecei VBitk sa®nd ckamplei mmolyes pies pightoamisiot #ih fragmegti &V TAHAF

Ze uegﬁeh@%', ag Q%g«%l}%:&ﬁts ?st g‘]rﬁ’lj Bithgﬁ io %Elelilse é\%ﬁl&&lee%st?cs-based
Valiiisey ShRAIRHERD sRE £ONASTA.468 BIGYT/PIRBEREAU As shown in

es W be matched by fewer patterns 10 and
t AIGS.\6(A) - (R piocessirpssfehe fraged withhthe presentimaethedolgyallows for
of normalizing additionally prevents the situation
whedetermpglpenibaiof the query sequence having equal

lengthg oe ‘ﬁ%g%]%md 5 Bg@&afnt)i phat &mbisitfohe fdduntered only in the
contributions~due to differences in the nunber of
coulfarydiivtdongirpatterns, i.e., as a result of
overrepresentation_.in the database. ce the units of

the at P}ibsdirgmyRicReiings i eV RIERIR SIS Sed, the units
are 1 U@IQ g&f]agﬁeﬁ% ‘F&lft 8P Bt tRhneA IR Al

contri received. The top, T, ranking vectors N
are notlpthe ffaignahl lyas aanetald@ion) winding siseaf the sexth anyig asid position,
i nposed. that any reported attributes be supported by

nbf- BpBtidBEles over a m ni num nunber X of counters,

t he val ue of Xbei ng user-defined. Although

illustrative enbodi nents of the present invention have
beerExatipdSs ACTRIBOVINI n, it is to be understood that

the invention js not |limted to those .
The methodology of the present mvenuhon may be further used to determine

cytoplasmic, transmembrane and extracellular regions in a given query sequence. In
this example, ACTR_BOVIN, an adrenocorticotropic hormone receptor protein from
B. Taurus is used as an exemplary query sequence. FIGS. 7(A) - (B) show plots for
the cytoplasmic and extracellular behavior of the query sequence. The regions of the
query sequence that are not accounted for by these two plots correspond precisely to

the seven transmembrane domains of the ACTR_BOVIN (which are not shown).



preci se enbodi nents, and that various other changes
and nodifications may be effected therein by one
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spirit of the invention. T™e foll ow ng exanples are

provided to illustrate the scope and spirit of the
present invention. Because these exanples are given
for illustrative purposes 25 only, the invention

ed therein should not be limted thereto.
%&ﬁkglgimécpst he foll ow ng exanples, a carefully
selected col l'ection of exanpl e query sequences are .
annot at.ed u&inmghdchior peaathtingys quiry StRICpsee ethod comprising the
invention. 30 Exanple 1: UBI QJI UVAN WO 2004/ 051282
Rtms9E2003/ 036750 22 The first exanpl e exanines the
annot ati on ' Glcd WHAE Ay datBIRME &IR&Mrising annotated
representi n%gﬁ%ﬁ%ngﬁtgﬁggu?t&f)ﬂ UBI Q_HUVAN. Theﬁlﬁrpesulgts
ofequéreegnal ysis are shown in FIG 4, FIG 5 and FIG
6. As can be seen fromFIG_ 4 |G, 5 and .FI G .
Sii S5 Pr ot | TRERBIEGH RS do Coblleht wiehdn i Anauled dtfences
f g our met hod to 5 correctly determ ne the secondary
structure of the fragnent. The |ocalization and
i nt er weavi ngsind théepdttetrisceith sssigund sattriitasu i snalyge yhe query
seen in FIG 4. It is inportant to note how the
nEd8e¥Ccorrect |y determ nes the nature and position of
seven sites that are relevant to the function of
ubiquitin, as well as the presence and extent of the |
ubi qui 2i n d@hainethdDoErap|le firthe cvmpyisBigothe stapaghegiecting the
The second exanpl e |nvol ves-the eight am no acid
f ReEGRISA PSS atcklg]g@qegm}lelgf-’ a fragment that is
too short to be used with heuristics-based simlarity
search al gorithns such as FASTA and BLAST/ PSI - BLAST.
As sho®n i nThé drtlsl of(cMim- 1 Birthep comprisingghefstaphef storing the
fragnent _with the esent t hodol ogy allows for the
dég Wﬁhi"‘%ﬁl@e@ﬁé{g. utgy 1 H @RS/ nent i s an amino acid
conbi nation encountered only in the eukaryotic
domai n; b) the fragnent belongs to a cytochrone-c )
oxi das@; 20Thp rhéirod pAgentl, whersir theofsing stepfantherisompeises the

domai n; and . : .
step of defining an attribute vector from the patterns with assigned attributes, the

attribute vector characterizing portions of the query sequence.

5. The method of claim 1, wherein the query sequence is a polypeptide

sequence comprising amino acid residues.

6. The method of claim 4, wherein the attribute vector comprises a

number of-counters.

7. The method of claim 6, wherein the query sequence is a polypeptide
sequence comprising amino acid residues and the number of counters is proportional

to the number of amino acid residues in the query sequence.



d) the fragment has a netal (iron) binding site at the
sixth amno acid position, i.e., H (histidine).
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present invention may be fuwdther used to determne
cytoplasm c, transnei nbrane and extracel |l ul ar regions
in a given query sequence. In this exanple, ACIR

From B TadoBer o Aot S ba i EEReaP Y Goa g rotes o Baed 1o

SERUENEE vailildB: coliaftks of {1B)atFiBY bR Sofréspondiig to portions of the
cytoplasm c and extracel |l ul ar behavior of the query

sqnesegaencEheateledioribe pditerise 30 query sequence t hat
are not accounted for by these two plots correspond
precisely to the seven transnenbrane domai ns of the

ACTR_BOVI N LEihod e cRBL 45ERMhsing ¥ 1R O5iEZBate vectors.
PCT/ 2'003/%%\%‘%‘500 230 al e V\hathéiQ; clg:{rred is: 1. A

nmet hod for annotating a query sequence, the nethod
conprising the tep f. accessin atter

associ f-ed W¢ Bleg'fogéi ;EE%@S’» g‘gﬁfﬁn? ?Tegvgaﬂb?ﬁ ﬁ89§][%1eltc?d to the counters
gﬁﬁ%ﬁﬁﬂ bfthe aﬂﬁﬁh%meetgrsadﬁtﬁé ﬁlﬁfaﬁ%fdéﬂhtﬁ‘ibﬁte%bio@s” 8 nbas#ited.

e annot ated sequences; and using the patterns
wi th assigned attributes to analyze the query 10

PhaSTER of Teepee o . SRl b OF e BB b bty of
tﬂné D&t SEfeRRRUERRErentdtrButeThe Mt hod of claim 1,

further conpri'sing the step of storing the patterns
Wi th assigned attributes in a database. 4. The net hod

of claim1, erej n the using,step.,furth o
The” otep of haarathicht SATLCr PEBUED tpabghty PERRINEE Sectors are
p gins with assigned attributes, the 20 attribute

vector characterizing portions of the query sequence.
5. The nethod of claiml1l, wherein the query sequence

D PSSP TR g v oo

atrégo'hké&te vector conprises a

14.  The method of claim 1, further comprising the step of determining a

score for the patterns with assigned attributes used to contribute to the attribute vector.

15.  The method of claim 14, wherein the score represents a degree of

similarity between the query sequence and the annotated sequences of the database.
16. The method of claim 15, wherein the score is normalized.

17. The method of claim 1, wherein the attributes relate to at least one of
secondary structure characteristics of the query, presence of known domains, signal
peptides, active sites, post-translationally modified sites, cytoplasmic behavior,
extracellular behavior, and similarity of the query to each of the three phylogenetic

domains as a function of amino acid position.



nunber of-counters. 7. The nethod of claim®6, wherein
the query sequence is a pol ypeptide sequence
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counters is proportional 33 to the nunber of am no

acid residues in the query sequence. WD 2004/ 051282

PCT/ US2003/ 036750 24 8. The nethod of claim 6,

wherei.n t he assi ttri bute are used to

contr |1gut e VI %Pé’gmﬁﬁ g?fu nta&l‘staé?g thel'stx rsregu 8o & gpparatus
Gehp@isip@Ndi ng to portions of the query sequence

mat ched by the patterns. 5 9. The nethod of claim4,

conpri si ng eamghowyakad y of attribute vectors. 10. The

nmet hod of cl e ues contrrb

t he count eras?eaﬁtfongé’é%ceﬁsfor’tcﬁgﬁgil%/ 4 DE (HEIQ) oS Vg? 't he
plurality qkcdt pdtRiise a¥B61aRMS withe an 84taBdsk Z8smprdihgl annotated
The nethod of claim9, wherein each attribute vector
ckquenecspl ural ity of attrrbute vectors represents a

diff but.
\M|1 er : |r (rar n: h Zat %}rrg’lﬂl Pt; ‘?Utt'f/SJTS ftheali’ a?fisa l})tag cé\/ élctth Ail}tgd sequences; and

ranked. 15 yk3ihel@teBtNAChsSibndd Airibuled to Mﬁy&l the gy befaence.

ranking attribute vectors are reported. 14. The
met hod of clarnrl further conprising the step of

det er migni ngna aé)p? o RE QT S1E r t ﬁer@?rhﬁlg b aélt\."o F g?oscgssgpﬁdﬁmher

attri tes contrl vecto

Ioperafife 1R &0 thelcc sk Iﬁéttlfhs tmﬂ @idhthe h&e@@@r{r&nce
represents a degree of simlarity between the query

sequence and the annot ated sequences of the database.

25 16. The h}?}%ﬁ&ﬁs % ﬂcg 0?8 C%@Ire B t @orﬁ%em{tﬁ the using

nornal zed er el

adplefdtiot ttRS at Rhatdhetoddssdraasirtien apélﬁtwé ecaetiiar ah attribute vector
structure characteristics of the query, presence of

kinerartheipaiternssith jagmigned affaputes dhe atHERYIG Hepy ghgracterizing portions
p translationally nodified sites, cytoplasmc
bgﬁéﬁﬁg?ys teexfracellular behavior, and simlarity of

the query to each of the three phyl ogeneti c domains

as a function of am no acid positjion. WO 2004/ 051282 .
PCT/ USA003/ Bseapperatusst ehim AR, ‘érb?ﬁméb%@“% PECTAER 18 piPRlPeptide

e JHSHcY SRIHENG Gmirdd i ARBARAL US

22.  The apparatus of claim 20, wherein the attribute vector comprises a

number of counters.

23.  The apparatus of claim 22, wherein the query sequence is a polypeptide
sequence comprising amino acid residues and the number of counters is proportional

to the number of amino acid residues in the query sequence.

24,  The apparatus of claim 22, wherein the assigned attributes are used to
attach meanings to counters of the attribute vector corresponding to portions of the

query sequence matched by the patterns.



conprising: a nenory; and at |east one processor,
coupled to the nenory, operative to: 5 access patterns
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sequences; assign attribute® to the patterns based on
t he annot at ed sequences; and wuse the patterns with
assigned attributes to analyze the query sequence. 10

19. The_.apparatus of claim 18, wherein the at |east |

one pr géess gr Sappariup ﬂé? Aty ig vilhereia theyatdgashpre prggessor is further
a% . r ) o
TrEARRACIORILRLACA bR (TR ptors R ok SRR s Beq o define
t itiee atgibwde vegier; attieoin theescate tepeestnto nalegreecefssmilarity between the
further o er?rtéd'r%e to de&oli ne an attribute vector 15

£ BT SREIHSR £ 1S gk scigen ObibeRishEes, t he

attribute vector characterizing portions of the query
sequence. 21. The apparatus of claim 18, wherein the

query 2équedgeariisleafpoinyfepid fhe anseqtienNs quag BEYUeatd)gomprising
am no.acid &aﬁl dues. 20 22. The apparatus of c¢laim 20,
whdRahe radable meditmeCqpeAipige oag p Mele STOgrams, h When executed

CoHpleBlefit thé 3epd B apparatus of clai m 22, wherein the

query sequencg I's a pol ypeptide 25 sequence

conpri si ng aedessinggatieme skahomsedandkht & elatabadeecomyprising annotated

counters is proportional to the nunber of am no acid

r &JUFES in the query sequence. 24. The apparatus of

claim 22, wWags&iifl b ASSIoANE Patdrhe | t :

attach neani ng@llggo counteros o%aﬁwe g?#??@u@é%\%@g%ri quuences’

cend esponding to portions of the 30 query sequence

mat ched by the patterns. W) 2004/ 051282

PCT/ US2003/ 8%‘835@*6 ptepns withe aspiaed aiiabudes ¢ Analyzs, the query
ghdt the at | east one processor is further

operative to determne a score for the patterns with

assigned attributes used to define the attribute

vector, _wherein the score represents a degree of, .

simlaffty 15 Rusicle ?ﬁ@amkfa‘éw Y SintGe T cR@prising the step of

ARk Ak %Qg@@ga&rﬂgthama@m}ét@%@ sequdide. AN article

of manufacture r annotating a guery sequence,

conpri sing

28.  The article of manufacture of claim 26, wherein the using step further
comprises defining an attribute vector from the patterns with assigned attributes, the

attribute vector characterizing portions of the query sequence.

29.  The article of manufacture of claim 26, wherein the query sequence is a

polypeptide sequence comprising amino acid residues.

30. The article of manufacture of claim 28, wherein the attribute vector

comprises a number of counters.

31.  The article of manufacture of claim 30, wherein the query is a
polypeptide sequence comprising amino acid residues and the number of counters is

proportional to the number of amino acid residues in the query sequence.



a machi ne readabl e nmedi um contai ni ng one or nore

prograns whi ch when executed inplenent the steps of:
wW@e@wedsi2ey patterns associated with a dat abasePCT/US2003/036750

conprising annotated 10 se&juences; assigning

attributes to the patterns based on the annotated

sequences; and using the patterns with assigned

attribytes anal yze th uer sequence. ., 15 27. The .
articlgEDf ﬁ%ﬁ&%ﬁ%¥ﬁ$@m%ﬁa ‘ﬁF%P%@? uPOFfER 8ﬁﬁ?@§gﬁ@nbuws
the 8de@PtoChttachCh8slihdtd BEuRGS &FSRE ARbLER Vtd8drresponding to
mat ch the query sequence. 28. The article of

mapigioas olithe quéryskaienc@datchbbbyethe pattensisi ng st ep

further 20 conprises defining an attribute vector
fromthe patterns with assigned attributes, the

5 attribgte v ; Lz t] quer.
Sequence. 200 sk ot AR B IE TRy RPRrE e st of
wHelemnininghe sgorer forséquemticmsi with aspighgd efitibutes ssefliemalefine the
conpri.sing am no.agid residues, 25 30. The. article of
RS ¥t SHCEin e Ssere TptereBisi Qogiec QTS bpbtae e query
C QRN d A R Bie e GRMBL S the dithasdNe article of
manuf act ure of claln1go, wherein the query is a 30
pol ypepti de sequence conprising am no acid residues
and the nunber of counters is proportional to the
nunber of am no acid residues in the query sequence.
WD 2004/ 051282 PCT/ US2003/ 036750 27 32. The article
of manufacture of claim 30, wherein the assigned
attributes are used to attach neanings to counters of
the attribute vector corresponding to portions of the
query sequence matched by the patterns. 5 33. The
article of manufacture of claim 26, further conprising
the step of determning a score for the patterns with
assigned attributes used to define the attribute
vector, wherein the score represents a degree of

simlarity between the query sequence and the
annot at ed sequences of the dat abase.



