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WD 2004/ 027540 PCT/ US2002/ 030656 A COVPUTATI ONAL
METHOD FOR PREDI CTI NG | NTRAMOLECULAR AND

WO NDERMSWECULAR Bl OPCLYMER | NTERACTI ONS 5 SPEQPET/TSODIINS0656
The appended source code, which is an integral part of
the present disclosure, includes a listing of a
éo ut er @?\?am and rel ated data according to one

r@ﬁﬂ?ﬁ@ﬁﬂ Al METHOBHOR PREPHCT INGIRHRAMOLEWE AR AND

code consENTERMOIEGGEARI BIOBOIOAVERINFERACTIONSI St s.
The copyright owner has no objection to the facsimle
10 reproduction of the patent docunent or the present

di scl osure, as it appegpgcipicdigonat ent and Trademark
Ofice patent files or records, but otherw se reserves

all right \% (ﬁR(lJ

 NVENT ON T g?%fdggtsgﬁ}g% gotc, %“’thr?é%(e &‘E%#cﬂa%"féli‘e present

deselasue, ehuees lisfinge tyectingimker pedpram a0y rélered dhiadb88tding to one
whi ch. co potentially lead to a better

f
eb}'f?a ‘“t“%ﬂg hﬁﬁgméi?mlqnh iL%‘i@ElPP&ﬁP‘% PRUTGS C%iélcpnmw@s p wterk Mhwhich
c@ﬁﬁﬂgh@ﬁuﬁs%@ %@ Eoﬁﬁglg ofvh&Hal &8 ob u]%cf'f(‘?h o the ‘fatclsf)rrﬂge. i I

genom cs' al so wn as str tura genom C
reproghstipn h’éther;gtqnh documadnt br the presel’it@lnscwsum;l aciappdansd the

uen nd _at usin information to
F R oA BRIt o i s o e nveonues al rights
tlehrsie agatspatdprol ogy. At present, there are three known

approaches for predicting intranolecular biopolyner
i nteractions (including proteln and RNA structures)

whi ch |nclude(@A 1. (2) fold

assi gnnment or thre . 23 io protein
structure Pl‘edl cti on See Sanchez et al., 2000, Nature
St ruct ur aF*BFYS 8P drgh the spanenging Of%tﬁﬁlgen%ﬁ oy ganiyyes can

pfRede diefiRt hi®BrARNtbn WHiE bk 80({6?%1%& Cacﬁjgt%% Snder§t%}1[dbng of

approach is conparative no | NVOI Ves
thegnechamisms of sedbfiantden. STha.artanfeesﬁarcgmentrefenﬁ@ ¢eds ‘functional

B A T B P S i st
Iﬂ&ﬁxaﬁ%
B0 B i a0 o SR G v

t@@%ﬁl%?&ﬁ Oéfelbﬁmcmmaﬁddil@awmq)gnrrent or threading
h t
P oning AFPIRR, Bttt Bond it Bimesetee:
inttimoteculae bfopolynter $ittradfion |(ineludAle pE6@in a‘éﬁanA%ﬁ%émes) which

nG}OU%O Current, Opinjgon Structural Biol. 10:371-
e (Pgoamaraye mpdgbng, é%)lfOI%?SSTEGmenfamdhl@a@ng,Fmde(a) alNwitio

P R0 oo PR SPisher . IRk TR ebe Bov.

209 Buiepl s186:290urBhefmosndetallyd drfde e GareM@en et aédi@ate approach is
cchparzﬁwe mc%%ﬁng which involves fold assignment, sequence-structure alignment,

model building and model evaluation. See Sanchez, et al., 2000, Nature Structural
Biology Nov. 2000, Suppl. 986-990; U.S. Patent No. 5,436,850 of Eisenbefg et al.;
and U.S. Patent Nos. 5,557,535 and 5,884,230 of Srinivasan ef al. The fold
assignment or threading approach assigns a fold to a target sequence by aligning it
with the most compatible known protein structure from a set of alternatives. See
Jones, 2000, Current Opinion Structural Biol. 10:37 1-379; U.S. Patent No. 6,125,331
of Toh; and U.S. Patent No. 5,878,373 of Cohen et al.. The ab initio approach
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Baker, 2000, Nature 405:39-42 and U. S. Patent No.
5,958, 784 of Benner. The ab initio approach discl osed

WO poogloZs4Pat ent No. 5,958,784 is protein speciPCT/US2002/030656

bi ased, and rul e-based and is discussed further
bel ow. The present invention is directed to the ab 5

i ni oth the c arat ve nodelin

bR B kPGt Gl B AR R SocPRELARe protein. See
Fken20b0 ava@u;l l4@15t t&t PLBEN r i
with fol ds of ¢ noﬁgdgg@gtlgfgn%tt r uc‘% Es(rj%slg 7?61 get er%ﬁsggéab

ihitio approaeludiaglosedtin Uh% t R atens Nand 96&,78@isq1mienesmmﬁc biased, and
| di t f
SR L P Bl e TP B e

fzmzltzd&ppn@aﬂhe sequences of genones of various
organi sns, _the conparative nodeling approach and the
fold assi gfeghth e&sﬁxp@%ﬁe Wodelifginproagh auéﬂm':ﬁwidrwssgrmieﬁt or

Thetth eS| b ik et B0 Yoty BOMIRR S wERASHS Bt cown

|fpmtelmcstmptpres m:ﬂletartmmnb mttahﬁ)lmlay‘ ilﬁaﬁét&lﬁl_ig hind a® ﬂéttaﬁﬂ@k gn overall
or ete seguences wever e a

et PRSP H O S R mafesglon Sumar e ety dbsiithash are many

afasERkihdd BRRIA %’Ebéeﬁuéﬂc%@f doBne§ 8&%&& %%g%.lngsﬁ'{ the

i naccurate and the pr esent y aval I 0-type
apppaat ewodelingl appidackl amcbthpafolldl assip@nertyippoach will fail in

D The ab |n| ches general |y focus .
Sk RRRMER? e 30 Riictipg oPBBaY BRPSBmi fpesially dhareevith
fcﬁmpmfdl)y ROV ERERI el l{é?&bre_rﬁﬁ dbazﬁzgz%tapf)ﬂiaclgﬁﬁg}'b@gﬁéll)nlﬁ approach
accuracy is usual )d% to achi eve an RVSD (f oot

apnplirghledorgaamangvd detsrmined sequsnces. Noweyes ther alR@itidapproach

SR L e —

Bad the pmsemﬂwa\faﬂaﬂﬂa 77 zﬁzﬂo&?}hﬂ a@PesBBnRkd k& ﬁtlEﬂﬁPt)@es of
ﬁ’}ﬂpf’f has n argued that |t is unlikely that the

YL g Psg fridip PpPTRachss pergealhciarusg oAttaunting fo correcﬂy
adsidnl (EHBA} stARRNE ﬁﬁ%xét@f‘n] Jegﬁgnc&e "ﬁﬁr}%gg Vf;%r | aefyaﬁfn%gﬂ aﬁcuracy is

ab 1nitio approach’invo usi n
Uﬁ@llyéﬂqme anZB\/.[SDa(lm)t ofean etaaﬂa?rd dbvm@mi)wfat ea$t® A, however

T R YR RN
Bid2sSUI0B 7ac3 . @aséch@n ARG 8 achi@lelafRNISD A ess NG @{&d it has

gr otein sequences. "Silent” nutational events accoun
e argued thps ffdp anlikedy thabthieiapynitiowpproach wiltjbe apexticanebl with

#aeﬂpacg&gépfogge ng%}lﬁ!’lﬁgﬁ?ﬂu sadvant ageous

I ons ‘are deleterious to
function. (Dﬁe tbirsti 3 Bpito M PETY @ARirgSthé b M tfons &Mhe sequence
enoug{w %}%/ﬂ have an effect on the organi sm at ge
e ‘i?@teé]r]ﬁ l¥meisdy prsdict énteaetionsa dhe hatic theonethetyndarlies

t er
GisSARYREh RARTYTo W L @bsPht TRYatRSa p(fgsléﬂ#e atc\%oat 5’% gﬁ]alﬁsleg?l

conpensating nutation. For exanp
dtepmgtDNﬁn RMétandZJrMﬁn%QAdlﬁé’s? SBileMCTMUSHZAAR 62@5RBount for

d t t to fold tl f
tglﬁ %ellleé VaH hl? &tyclﬁgﬁ% ggse%}gqﬁ:g%,glpfl gﬁveono ef%e%{ {)1? %1nc¥1onl

Disadvantageous mutations, as the name implies, are deleterious to fiunction. If this

=20

disadvantage is significant enough, it may have an effect on the organism at large and
the organism may be selected against. However, a disadvantageous mutation may be

countered by a compensating mutation. For example, if two regions of a protein must
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the protein may still be able to fold if the other
region is changed in such a way as to conpensate for

W0 b@402758¢ nutation - e.g. if the first nutatiPeI/US2002/030656

results in an increase in size, the second nutation
m ght conpensate by decreasing in size. 5 Gven that

TR o et Lo oo 3 B erersBh it 3 ragon in sromaed by mutation,
RhEBRiR nfag sENB RIS €1l 9 thd SliRt Rigiaiis cg%#fg?& iPARh 2 W as to

a set of related biopolyners wth-siml unction,
feormpensgipioe thetfvel mpwiatien ne.gmyf tit st mufatiomrasinhtd 2y anincrease in

i ci.es, there exists variation between the
gg%fjgl i ggslmﬁ %%%gtg)ndp\ggﬁc%%%s%tg %ng%éﬁm%@ %t ween each
of the dif f@GranthasResy fsctiddtevililin ARED btdnbcsaly 88 Survival,
variations are the result of silent nutations.
(e Vet sredigieal offevplytisnary pressite 6o sompsnsiie folededeteripususytations.
g ational .event. or
U LR RENTL A d Q50 SKAR Lo B G 4F0
ez dbom framdifferepiensatriatign Bpecis) there existevariREs0BéRcES the
nmut ations. Thus, the goal of nmethods that attenpt to
awqe%”#smgglv&msa@w&sml asstwesmsastsal tha giffayenitspesies. The
[ : [
e B e o e o T B8 Rome of these
Buratipns maydhecicktarusy uabrecrosmpensated fobysy aﬁkﬁhélfrhtuiaﬁﬁnal event or
fanction needs to, be conserved, en a req )
$080 AR oA MR i3S Tesh O o and eompessmammution,
i.8. Sb@iatéd mankiogad i nportant to function. In order to
best understand the previous nethods and attenpts in
this 20 fl&ry the goal ef metheflsithat etemipt ¢ uiilidertbereaautsiboreand-

eSO BT RV R PEDE RS0 S5 oSSR eociaa
neitzitond fisenrasdue silert Mutiing h BeasRe 6RbLARI MARAESRVoSurdby

ifferent pgsition and each row a different sequence.
e, véieaturdtion aepdsip B carseresd, when areal aspeietionisaletected,

tha . id ] I ata for

tlﬁa?cacg%gﬁ ?%(tr)ﬁla%gg, gt Lﬂecl goald nglgglﬁﬁllﬁgs ypgmg‘f ab

i niti o apphoerdtr tbde@simtlersthat] ¢lot pretibehmptheils imhateniyts in this
i.ng .t t ha ears . at, those positions, . .

3B Aol S o BRS80S e e Wi it o

SRERR AighflehithBbultbe uh8ES®0d 694 B @At rbf'felateii sequences, in
"“covariation," "correlated nutation,” "coevo ut(‘il on,

whichseraeqlymn represssis g differgnt pasitaoni and sact ot £ differérnséquence.

J i.ptions of the s ohcept of .
Pl pOERE 0 igR R v e SR buf cach position
thpfdseitaheésa for the position. dthue Xths boal bPRY Bbe o8RH imfo approach is
therefore the nost generic terns "association" and
o Cf?iff‘éf ¥hychpesitigns, by iging thedrts Biat ansarsiah thosepesitionsncontain

' Thirdl- R 2002/ 030656, .
e PRI i, Mho P e St LRGeS ieption
‘@N@@}ﬁm& ‘fcomrelatmd mlﬁmr,’r ’I‘dib@vd)lntibrhi’ e&s@ﬁﬁﬁﬁi”c‘.‘associated

rocesses: First, a.Jist of position conbinations is
u%(t‘ion’s’,elnteracuonI are alJ éescnp’uong of the same concept of mutation-and-

compensating-mutation. Subtle differences in meaning do exist, however, and
therefore the most generic terms “association” and “interaction” are preferred for use

in connection with the method.
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generated. Such conbi nati ons denote possible
i nteractions. Second, each possible interaction (i.e

W@ oooioeEEsd on of positions) is assigned a scor ePOERESHODIBO6S6
.a particular 5 mathematical algorithmthat analyzes

the data at those positions. Third, these scores are
then screened to ﬁieltem the actual interactions (which

are the prediSrghcientioppd assegipfrdanutationsiser he condegiualized as
|o‘c§1§m9§ ered é’en@ﬁ§g1‘o%s‘§eé 'F‘h%‘% Q‘ifst)@f]‘}?osﬂ oﬁ%\éh?)ﬂﬁtwns s

nmet hodol ogi es™ di scusse furt ave focuse
tgﬁé‘?l‘ﬁtedaSm(élmOHMnapDnm@notprSﬂblbamtfmdngnﬂ iSkéerdeedch possible
st..of which are biased. 10 Bij.as
%ﬁ"é

U585l R P B TR0HiPrS) S o S e pescihes atiguar
moathdhval MEBHhBmARst %E@hés 100 afalat HRSE phRGES u’fﬁ d these scores

i nteract. For exanple, is a pr econceptl on
AERER sersneddn selem dlermr@é mt@rgctncms éwhich avé thh ppioisuttomv of the

I ft enbodi ed as
'iru:(g@’qfr {;?rl)l1 t?%éjll@ga&rlgﬁép%gg eps0 Sl%{et1 % C%BESt'a which fits
a "rule" i Qrmmnﬂaﬂodoao@em@mﬁsédff@ﬁﬁéﬁbddwﬁa‘%%aused their
whi ch does For. this reason, such nethods are

T P%arﬂﬁ B dpyisiag diarers dsoring alEonfhas swostiof Mk daare Biased.
@ﬁsr&ﬁ%e%ﬁgrsﬁéd E&ﬁgﬂ?}s&ﬁ{m&hcg tg)’n@ H@l{t hsal bé%}? Ic}ues tca;%

ei t her each char act el c
drene@@hntuclhtandcméers lnterdct et lentmpl&uc iy amtdadeption that negatively

AT T T
3aiBbdic@As “@lds” B Q¥ st RbNRES ahRl dath thfc%hctﬂg g "‘éﬁ?’t 3 %ccorded

i nportance of 20 the Screening process that f
giscasn diffaentibanpdatrcwhich dabd nait Forithis reasom, sl meth‘oda a:re b1ased

h t. f I Fur t A
ST A I
ﬁhﬂneﬁ@ﬂ h’@hi@é ROiiher sich thdtaser @nfifd 4digalucid ﬁ:@d oY) of B&h
g ility of .any nethod to make accurate predi ‘ctons.

actery %@bélbqqoiﬂt Suchanethedsyarcerdingtofbatdrmynoddgysafishatistics are
"ﬁkﬁl"’éate cﬁ‘iels{atlgt?cafélegf&dgﬁ gCt It, is of immense

val ue. prev ous escr ed met hod possesses such

an abi | it ¥n additia, hﬂprdvh&rs@nah@lsrf&mb RES3HIAUEE Ymportance of
escri bed netho tIHat are nerely theoretical and
SETCSPEE RRRCF gt I8LloNS & By eRyeRstigatpecss; alladilize sorae farm of a

&@Hé’ls&@érﬁwnﬁli‘rﬁ}%?ent ﬁﬁ\@s not relevant to work that
appl i es net hodol ogi es to actual genom c or proteomc

3 O sequencEurthamers, thy arigawé sepes¢addigatieanthat is usddnad, input in

O TR
grcl)tap@pre(lib)loﬁ They, thelaby 20 0dd194d ﬁféchugﬁ:ty&f’ ?9@9@@'@11 as

speci fic, biased, rul e-based scoring nethodol og
tP?PnBPtdf)df 9%@?11&@% splge. No pisviowdlyl dssiribed nmﬂtl;bd(m))ssesses such an
mlgﬁ,el | aneous met hods.

Finally, there are many previously described methods that are merely
theoretical and that are applied to purely hypothetical, self-created data sets. These
are not relevant to work that applies methodologies to actual genomic or proteomic
sequences.

Keeping these considerations in mind, previously described methods in

the field of interaction prediction may be divided into three gfoups: (1) protein-
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The maj or protein-specific, biased, rule-based scoring
nmet hodol ogies are reviewed in Pollock et al., 1997,

w@e@ie2T34ENgi neeri ng 10: 647- 657, which revi ewsPCBHUS1962/030656

net hods found in Neher, 1994, Proc. Natl. Acad. Sci.

USA 91:98-102; Gobel et al., 1994, Proteins: Struct.
Funch. Genet. 18:309-317; Taylor et al., 1994, Protein
BREFHEAs36, Tule-based sepgingmpethadofogies; (Aduonokaner-gexené of

t [ ' correlated sites
%??%%ﬁ?&?%gFﬁg??dgga%%%%g&%ﬁ%(g¥'of uncorrel ated

sites." | n Hudngjooprotain-spdesfic; biased, fuledabainabiiby methoas®gies

met hods shar h ditj | follow ng ) )
P iuig Folodk o1 AD Pger Py beci k69,657, which roviews
RAY Ble@08 Fuadlin NRAE, | 9940 PFoOWNadll ALAASEL Y, 1598)5?@2'39%61 et
anino acids, and thus are protein-specifi ¢, biaséd,

rahh 9% SeetetspiStach Eandth@enepri8cBei Ay Faybhet 2121994 Fobrein

| ecul.ar A. tj.ons. ikle d terjoys . .
BBk L R e oI35 e 1§ Pt pap iderity ruly
icoirelatedtsites Withamdhledin® @ $irké AmB& At ASk1hRd sy’ B addition to

ngle type of . relationship. Second, all contain

S] >
é‘%l%ﬂéork@mé%m%y, phese axpthodls shage thsmsiditiomabfollowd@/chamictesistics:

i bl-e i ' . it nbi nati ons re .
PR ACERRSILRTRRSl R ST PR i
prids, aptlitussire prateinapeifie didyd, sileaged flpro@htdBatirabRstive
5 scores, where L is the | ength of the sequence.
_ %a%ﬁ“_ of piplyeilar iR e AE delejarigus eensguenggzghat each
" . : LS.
ipBsiti¥h iCAN R 1D ikt RCSHRT SRty ﬁo.ﬁggﬁ g&ogéﬁgfoeoﬂg% Iag%ngga type of

arbitrarily chosen nunber. It"s ppr
rélationshiph Seesndpalbt wyiie srude sereening prcessed iTh Gobyl d1uirl994, after

f predictions 20.al ways .bei ng made np natter  what .
50 17 Bt iots (o Qj’ﬁ?ﬁa?az@gg)\m%mé?cf swtyal iigrgtions (the
@¥dgddm’slptedietisiis) ark8Kcted By &Vhw%i& Eﬁ‘h%/gatlthl@ 'ha Re 15 E@dré‘s‘? lvs}h%re L

used for screening: scores whic ove the val ue
1s the Jgngtheofithp sraueace: Shisds simélay tosthe medifodrafallaylor ef al. 1994, in

Lk i I ackgr.ound. noi se.

OB B30Tl e NS Ao b

bhepshabied tijalssch metbddogiedtesilf &) arf ﬂbitrai‘@n@ﬁﬂér%@?%dﬁations
ng,other things, the effects of phylogenetic 25

?‘E‘Faé(g peingmnaste nodagfics wbat daia isdrpwmndgegadiesrwhether astnsiations

efist uf dgqn ' s, .
et PRI 5087 ML SN SRl By BHBLAS wors i
fallegbose thevealud 1.7 stecnonsidered o bdithe neuitchftrbe tintstactions, and all else,
reshol.ds. are soneti mes.hased on. the concept of

bR RGIR DR Ao By PRERAOS S WEiEb Py SPRG eeihapsholds (aso
talledwutofts) fiihoepprlciRRbYE HBeSHIRRMNB SRS Bﬁgl'?}doééﬁetic
result in accurate predictions illustrates t

tRRtonships sequenne pelection.arispgpenbaturBbersinahe sasitltiag scores, making

j.pl i es .bi ol agi gni.ficance, whep in

AThRARE AL AP SRt A% S8l Skl BB b ot
beindied thof syhaheskdlds arbebhethhed MBS ah t1RMWncHt YO statistical
200.%/ 02754Q PCT/ US2002/ 030656 net hodol ogi cal . Third

SIEYICRER mylovwsple thsreererehiguresf shngshodd-eplyipgstieeying methods
' t s B v .sald.gnment .

o seon i edibdis D Biue B8 T ming hat

sipipsticelosigroficanch iraplkies biological significance, when in fact statistical

significance may result from any number of phenomena, both biological and




proteins (Singer et al., 1995, Receptors and Channel s,
3:89:95), to attenpt protein 5 protein interaction

w@e@dioztsions (Pazos et al., 1997, J. Mol . Bi ol PCRU32002/030656
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511-523), and as an aid in protein threading (4 nea

et al., 1999, J. MI. Biol. 293: 1221-1239). No

matter the context in which this nethod is applied,
ith&thddobodiedli Thisd arehfimailyasordes ardtliveld evalbatedhe qiatigy bfjthe input

despj.te self-contradictory clains of accuracy, it
et%h@ﬁ%m@ %Fﬁ ]?R“ is - 13%for small
proteins (QyiEaciRbd 8f GoBd BPis 1%&@6%11%141@6& tlaqnélﬁatane

the accuracy due to pure chance in such a snal
mmibms IQSmger dhel. a@%l, thegg)rs @ hanngiss 31881 1pdo |a§:empt protein-

eSS o LB TS A R0 5

tdﬁeal&fnf 6leirPhrdda équm@a BtCall €99 gaMBE BisN29N€2R1-1239). No
predi ct| ons. The ficulty w th all such nethods i's

trhafter Woageéhm which éhlame&wslm pepligd disanBatjonsyergainas dgscribed
13?099 lF?ﬁJaHSfr té %ﬂ} §§19d‘5t%ﬂ:?&y %iaﬁrﬁg gf%c%at&? Sig gee% tﬂgtttﬁe

assu I's’unc
Irﬂi}ﬂﬁmﬁi aoomramy id m&blysrsaﬂpmeteirm (Cdmpoend. 199@) khcmever given

problemrather than resolve urac | ssue o
é;a%rrﬂfﬁ %ccelfacgl%ﬁ toyrs chaweisush gl ihptei) cansbfgaggughﬁs ~27%,

{ 86 1198, However, the authors
Coné?e e t gt %)ggp? |ng abl e to detect the

presence ofTHeomav génetriton'of suchdemed aule-bdsed methdds dttérspted to
unabl e .t g, de

e o Rh e o RSB AR bR LEEAR e iy

S«Jvﬁwm&ucmneth&ds is @M‘gﬁﬁﬁg&@ﬁ@f@laﬁbn@hps ark3erelyRHyRbietes,
neering. 10: method very simlar "in

i
? laﬁ,@owmgeq;mcg @h@ﬁnﬁnﬁﬁgbas@d ethzetgpiaspuraptioqs. Thwgi is unclear

gxglaef%lg ) g%c ]base 18%11 V\}tl r&%i S%g% toe(g)%\ﬁﬁg ’tléén ﬁggé%gieﬂﬂather than
rieoi Ao essy iskhes. A@lﬁthpb‘e ofgtich zuﬂlethbliaﬁ Polnek et al., 1999 J. Mol.
net hodol ogy is_able tq detect only a "weak signal

and
i Biob 38T 1§ 198 Haweusrathe authers opriuds Hist despits bemggble 16 dotect
‘ B
TRPRRS P SO Bgu LR, KIEAROTRS PR Bl

' sp8eifip attemttiorakNste thatttbe afthdrk perdierad ajf‘iﬂneelstlodl simulation". In

OB oL PO ol L. aptnod vry st
dih%%’d@s%@nﬁé’%& &r@&ﬁ@g‘?ﬁo tﬁéJGBbél Rf &1 M34 PBthod is used It is applied,
Chel vanayagam et al 7, does describe such

nstewer, tHbiwknes rseqtl@n@sxmmgaw St@p@secbphylmi@u@rféat@m@s The

| 29
iy BARRES i 2 RERO8 08 |s3hic R B Rl sigmyl anis
nl’ﬁglﬁw GlSacHRERN WricAloRtritiadr tb By methedAeStevin AeBEnner the named

plicabl e and are in fact inaccurate. Thus

i lﬁmﬁ@r b - St PaentiNgy Srs; 184 (Gevide4 patentin 7 5k '784 patent makes
RET RR00ZORNGRG col 4 A1 LA Sy Bk ALY Ahghse

e accuracy ot protein-specl ase
nidohets,. theleSdsedan doespaiidisgloseiowto @etestisocisinformation.
dghe%alng}egga?ne étt}z? d109|999(|ioeess dlélsc%be such a method. However, Chelvanayagam
et al. conclude that while anecdotal examples exist of semi-manually detected
covariation, rigorous application of such methods demonstrate that they are not

widely applicable and are in fact inaccurate. Thus, the inclusion of phylogenetic



10

15

20

25

30

bi opol yner - general net hodol ogi es. Such net hodol ogi es
are based on algorithnms 5 known in the field of

wGar@sostsics as "Categorical Data Anal ysis" mnetPOOBES2000€30656

predom nant scoring nmethod in nost previously

descri bed net hods uses the Mutual Information (M)
orlthm Such a scoring nethod has been theorized to

atien hasmet steatly eljgred 8fc astwpay 9fimseteinanscidic, biased, rule-based

{{h% flgattempts to use M scoring is found in Chiu and
ddZI ej czak, 1991, CABICS, 7:347-352, who applied it

to RNA, a ITHeebcoringibt of PreRdAkly degRibed nfethldR¥es use

is found in Gutell e? a?mapw 2, Nucs,‘}l ei ¢ Acids -

rierolyragr-gepgrab mpthogolpgiest iSueh mpthodelogies avedhasedompigpyithms

g IR AL oPRANGAS 5 (et M Dot AR Ghodt The
gerednnahant séreingsaethod idinostqeeviaghhdscritdd methbdhades the Mutual
SHESE e S LB e RIS v
| forhryadpd 6f BRDPLISRER @f@:rdf 11%d ﬁl‘éf: ts thusk Mlss%'oﬁhg i¥8%8ind in

to the relative sinplicity governs such
@hlua endKebylziejaal, ri@Pl,c@tiB@b? uﬁdv 3§t whanppliesiis to(RNA; a later

e Btioerinobt €5 By R et TRt ar 207 Weeeie Agidu,

Ynars&lr}ch 129 :9785-590%; fMidllyOfn @t hoshpli atto bf&@ih%@k%%ﬁ found

di screte cate ories, whi ch are not assigned val ues.

EnKrophca st & 1993, dyyee. Matl. Adad agcarlés'A 941K a8k Tpfgendrel, the use

LJT?M rul @gafl%qn&f“?ﬁg}s%g ke?r%cﬁ(%a av e bg ’éef]dl@%@gfe‘f#ﬁl E,llgﬁ'?@e protein

dneedlgrwdielcgla\]khﬂuggh ¢hisl Eldregsst}ﬁg Heal?gnﬁﬂtatto RoA slewimﬁfyestructure

n a not be considere i gher" or ower

t R’i‘/ %@é SrRSIAVG SHRY Srich g9¥FE1s serlEBIGHERods, a
priori, do

PrLOT! ¢ 30 NI ARANs6 ol 18 AIGLATI o b (FER LD e
dfgrestial o5 Angniaodurtioncd d’stegarseml Zlma Analpsip WﬂemdﬁamYc;ﬂt )is by

h cteristigc.or simla 25 mat
ERRLRPL S osthod ! il fin diberdR cAREIAL piohas nof Baigned
tyies. Exampled PP e ¥BBIricala4te dRf Hfé%katé&%f%@gﬁfté@gﬁ?e% of America, a
usual |y require the generation of frequency tab s),
DTSR sigendertypest of frwt, lete- a?he@m@ethg%@ve biers spmiﬁmﬂe designed

R andhil o, RASA BRI A RERR Ao b Ufsidbfi Bk or
&hpve” than acpeangrBSely difteréeTiog] thessmetogs, @ ﬁrl’b@z do not require
ffer ent st at @5& Califaornia and Florida. The nunber

e Hrigngewt qtyaluss tp e giffereniaits pEa bigrolymes(e. gAspigampnt of
Qakls RlAtifo atills AR le
appr%ac%gelso \%/o1 uf d Eéﬁnl%h}n g)ﬂg%&?%ﬁ%% @“?Lé“?l?g‘%n"_\} S]fn\]I%lty
2001 )OR 15RO tlﬁ@"dausﬁm@mmﬁaﬁodsfcmh% iapplidd 1o amyitgiesof
@rmngg%gpl es, oranges, California, and Florida. One

PP factor in the subsequent analysis of such
tables is UagghHed @htaQlppfA¥EesdahI %ﬁnﬁt
in the table. For engrggp Se as};ylcjfE ti ORE%g%er%tg&Fn%Fe
fieguengp éableldnyhiahiig a simple tally of the number of simultaneous occurrences.

Thus, one could generate a 2x2 frequency table where the rows denote the different

fruits, apple and oranges, and the columns denote the different states, California and
Florida. The number of oranges in each state, and the number of apples in each state

is then tallied. Categorical data approaches would then be used to analyze if any
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two positions in an alignnment of RNA sequences, that a
4x4 tabl e should always be 5 generated (even if nuch

w@booun2i5g0 fi | | ed with zeros) given that there BCBUSN2030656

naturally occurring nucleic acids, A, C T, and G
correspondingly, a table tabulating two positions in

a protein alignment mght be assuned to be a 20x20
relitimshipeaistsean drerapplesy @ats@alifomlid, pndElonidai Oge emticad factor

156 S e5aST Aoyt ehsyeh i a e ther SO A cSpans that
g&&{r% BRtab A AR DI %Hs&drﬁ%dﬁtmé!ﬁbé R8dOMSE whe&NSomparing

el ng conpared. For exanpl e, position 1 and 3 are
bed positorgiaredlignmaed o6 RINA sdupendearthaitaedrd tablg shoudd ghweays be

st e el TN R R R sty dreB ity

bahilrBng Whdlkic 661U M, A, ald GEcorrédpBndiayty, 1 tablel tabulating two
addi tion, when a scoring algorithmis appl

ed b
pasiiges incairotghy isnmeniapphs he pymed take 3 éodablﬁ?ée’t‘%]ée there
: : ._ .
S 520y BRSSO B
who8d Svisninllebning are ¢dpakioathe nembéreof dififiréwrobtagte o@urring at

preferred, Consider the followng.h f exanpl e:
ievRosytgag beine fompaed FOr gramplg, EPARER | Ahd e geippompared,

Ghy URlig“thé Kk &hds ALEIndi@ eSS R hidositiBh 1148l Shly the characters T and
Interpretation that each judge use the sare

§tark édurelreg positiéro3, thaatipltahle oold b a 2x21table,10ith eplugns A and G,
beit. Iiﬁﬁ&) however, judge "A" is using the scale

9 HYyYS Fudge "B" is using the scale 1-10, and

nor e conf ush Riden, WIREQ scoring Mol B iafplésdadyecategorical data

dependi ng on the skater, it would be very difficult
lspredchss to sats efcdste theaeeiang scoges dediot RerswtaRiyy hae cwagistent

used each tinme .b ' " )

S50 AR P BB A8 BAT RO v s

@aifeenity Bfis prefdred U dohsidet thy folbwing by eal of exarhpibeFive judges, A,

interpretation, Scores can either be 25 igiilri gsi calqlé_rv) .

Jﬁaiq,&fmi@ B raliflung (s SHRmpicskytetse Bisessentiph £ordgighipterpretation

Ql'izﬂl%ga‘l jluhé%’u@tv@ e {888 T AFeQarkple, REmIAABNBS 10TBYing best. If
e unfrformy e

not sca and therefore require
‘hetvanetajudige SAT onising the prabde &4 80, vimdgidgedBEgs ising thecsselgrit 10,

SB8 PRe paH R Jodet 5, s s GrRRER AP L& TR Wwoud
RRrP G811t Ha8dior! RBIE0redhlbRe @le! nRUABYirORE 88ale Bd each time

Cat edori cal data approaches may further ari:pl y to the
doyreeelpiudgé for'egginskatar) to deymmine the “hest skaier. [Fog Hyapeason, the

mat he i cal o] wher i ' . vati.ahl
TG G REFTE RSP LRl P8G5 e
iR kieMRNEE ARiney schled.(a gobabilitysrofe Mona 6hitl2: 4 bability always
PCT/ US2002/ 030656 data sets, it does noﬁs matfl er if,

frarees iost 0d), o5 sespymar ot ke wpfosmbyetcalgd pad fherrfareqeqyjre

Z @?%g{zgg?nv’a—ré E&ss Brnichy tﬁ]g%ts iﬁ% dcSoht AR3IChRRISEd for each score,

or scoring met ecause when scoring
tand spodartlizensachistore suctethitr aabh stahdradizedhscose sragesfthe same scale

osjtion 1 b sition 2
p(and range) with le gtloler scores.

Categorical data approaches may further apply to the concept of
“symmetry.” Symmetry is a well-known mathematical process wherein two input

variables (A and B) are symmetric if the variables are interchangeable. i.e. given two
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be equivalent to the score for position 2 by position
1-i.e. it does not matter which 5 position is placed

WO nioa/02ws/ col utms i n the frequency tabl e. Thi BCT/BS2002/030656

consi dered desirable because it aids in the |ater
"screening" of scores - consider: even scores which
are scaled uniformy, but which are not symetric
@atasetsais dovedat inwjter dthe firsooresabend sot stonsidered vriable Ag e

RPLETShERHEN Broveitry & A Cany PRI 5 SR s because
“Mﬂeﬁ Rodrih (gt% ﬂH@ﬁl‘%n@ '11% aedifBld thatkfe Q& ¥R Positible W ]Josition 2

it shoul be noted ‘that a symetric scoring process is
bo sgqiivhlgnt tddld scerk, fobpesitiert 2 mppméolyl criiet it dags nqtanatiee which

PRHERS i iacod oy Pronma® ok HRghncfu it il cBhfled ©
5 [ 122211 lﬂéi:&tld?éﬂf 4i0dini tBe MR sdrb@iing adflschee geensddert edenasores

are to be 4x4; (this is ipplicit in the M algorithm
feugh arg saadeds wrifoulie bt yhighare m‘ﬁrsy@é’tﬁlil%(je ggyminetric), are

Céglﬂgx%ﬂ%%}gﬁeﬁgtlé R ?atérsslgfelaﬁfn et se Mo S&PesERe gfvgn $6Ha68 pair-

a general operty o
twHee Mmlﬁﬂﬂ’[dﬂ;l andaitt gpadiffichinto ﬂeltermme edncteiy nimmeredﬁolbgzeally
blased niformtab n thi.s nethod, al
EREA e@édh%we@aﬁqt@ @atrar Dpypefric aﬁoramgfquabﬁ Rossibly

RARROYEN R enthdfi dritiepal |y, a "P-value” statistic is
al'so calcul ated.” Unli ke the present invention, the

P-val ue i s Inghe methdd byeGhivseral 99%.cbe MlkﬁbgorirtbmhwhiChsis a

sl P e B ARG TR G BPARY  d
tanrfpeah@h@ thiles e @d bé £56 (ihml@ i Fﬂ&ﬂ.ml the Mmgmhmttmtss i's

an absolute, arbitrary "threshol d screeni ng . process,
tsal@ﬁ@quwdms% forgeaing  ganseauenss ot isdhat thpig MI scores are scaled

sig n{ﬂfslfyl Cl?clwei) 69 %E iS%@ggeIgeq‘ngﬁgé rg) éﬁt@gl\@%konndgr aléonthm but a

Fcance, di'scus
tcbadequeee of dleﬁieilﬁemuﬁﬂ‘oﬁﬂn bl JtAlso) e thaciniethg d prl ¢amserved
for each 25 position. Wiile this neth seenﬁ%abje Ho”
SPRHNESS Wilkgoristy ap updgsgeble sersshvency. Addiiqaplly & P-value

%{aﬁgﬁ@fssal%o%%ﬂﬂe@&b’ Uikt Betdrédedt Bbdtohihe |P-Pe[l§éjis‘ﬂo't Qf8zed as a

i's not achieved, and overall accuracy is difficult to
cedrerui raghegiav e test difstatiatical sigpéiEnanes whislt islappasentan thejng2

al s e this sane M s

RRigiEeetsrge Bieer ey aeney fuprell b Patats M tAly is chosen
HRR i CarfAUEB RS, QFbtra Surd@HoRd §6r&@chdProcedS, Hab@l @ﬁaﬁ\rta@ ti@dsEonable
that actually appear at the conpared positions.

cevseisartbe statistidad significange dspetee biofnaienl éléﬁlﬁca%cené& digcussed

GOy AL S BB
slosiniday Wikle ik ﬁmma’s&ms:mle td Iﬁredmt yith SoMOa Rl BRI dndary

PCT/ US2002/ 030656 onal ly cal ted accordin
SHBFYIA Glomepts, agopgacy v&k?r%%rﬁé Plﬁ’ 1cHaRHi§ st aqiaegveér?dld

e Al cRnay is%fﬁgﬁft‘ '&ﬁ@etm}ﬁﬁﬁe glt En frd rE#e‘ﬁted.

transfornmations o e M st or nal
screeni ng pewekssali HBalsoprse vhislsaine Mistedd ot RN AuJdis method

IS instr, h
d%es ngttblelilsc tlleg‘ec}u%ngy tggles to £X4 instead, table dimensions are determined by

the characters that actually appear at the compared positions. A consequence is that
the MI scores produced, as noted in the paper, are not uniformly scaled (see equation

3 of Gutell et al.), and no attempt is later made to standardize them. A P-score is only
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arbitrary, and absolute threshold for M, or Rl, R2,
or select a user-specified Nvalue, 5 where Nis the

wORdese7sgcores for a position. No di scl osure iBCOUSEN2/030656

on how to accurately make such choices, reflecting the
fact that not only does this method | ack a fornal

f | d
A i e ST
dlh& Resdre dlswiidithoided) baF 46 8s1RiHh 850 'ﬂ%ﬁsfgﬁéﬂ?&% of i §tﬁ és%c A

noted that one of the predom nan errmas
Fﬁpwaé FEGPRIRE Broce$sdb dot mondect ,Tnsl@tdgﬁmeusad 1bynmetaa itdhoode an

pr 0po e%;d %A Pfu% &?r‘?‘g‘?ﬁ%{’ﬁ 18@ Og‘j{lhggr %a %@gﬁ%&gﬁﬁﬁ@ﬁﬁb@alﬂe

dterdiNasn ther pest cbresTor & poditien. OM HBELEWE is éﬁé}i:nl;ﬂ R
to use all scoring nmethods, or to use scoring mnet ods

2euURb MRl such ﬁh%icess‘@@ﬁﬂmﬁ the fagt H@tnmacmhye doesShis aestlidiElack a
f
RN 23 E&Qé}ﬂg%gro%srs glﬁa(? P4 V\Hﬁ%l% 10 %Ezv%ﬂgbquéfer aw same

known, it ears SOone

amdee@tmm pehiasiyndisanmdoyilibsusH @m@@@fdeﬁﬁgﬂﬁétMSR should be
ng i.s tqQ._use the scoring metho uh

the teachi
B?tgg itht orig Rg%tﬂr paat dileramas indhe RANA Pmdlcawncﬁp& s |tm
génepdiedpeniGak,] el BPgﬁ‘feﬁﬂ)ﬁt angq}?étﬁods%jatvg %8%1 Q{ggosed but

WW\. e, i cnb. ut exas. edu elr prifmary appro
L sigoatissareening mofhradg hawa nut ibttrepropysedaess, Bledlled i

RGN OBk A bR B "Bto e P isaauentialy, i o

Sdeimingl iatiShoc Bh-2@ 6. 8EHc0 h
in Klggrggr etC al . 1993, te@ﬁ%zﬁgﬁ%%gﬁﬁwﬂlwﬁm

%lﬁgtrly &goyp, it BPReeEs they. somnwhaﬂ asreplat ol istapplieti MSd)Si)ﬂi@among

oh's i ALY, 308 Bl S S e B oriEhefbods Weichpredict
@;lc @tre@uxcailmaﬂsakmivm Fer avbdvervigwli cFomer s%ﬁléqgethgds b DF Robin

alue stati.stjc is al so cal cul at ed i ke
‘8 mea VBeir primaryranpadash hias beentembodied in

dllbﬂobfah?@rﬁ‘t%n %yg SREEBRWN AL %/Iaca%ﬁ@ra{ug% g(yﬂ(%em 78 is enfifled

statistical significance.

iovapptiond r(Departmmmormelm éndiscy BRiveRYy PBRERSSE0RIN 47405
@%R trary threshold for P of less than 0.0001 1s

chosen - this is an absolute, arbitrary threshold

based uporFihfigy, aNESHPBAR! BASEY
statistical gy ni fi cance denot eslm Pog%ﬁl()dwas applied to

repigHst iIndhisacthed; th dimensiens Cpfrtbwfreqmlnyy tabhss aredetbiEnd as in
Gletl B} 51, 18N Tﬂu? ?ma&Hteﬁ iy 819?2r tLe é/’ S er\?lé{;gg?qﬁot

pr edi ctions are’concer ne

mlltferra]yadcylsdsA\i\Barahm” datiafots ako ichlcBlafeell UnGkPR the pfelint
ur.pose of vacci ne devel opnment and no structure
ifReBy R

QY PE theP-yalteishon @tlh%@wmorelhmt VihaOO 4/t@2FH40

REHid4PRAR ene
Spr otlel n- spgﬁ(%?%@ Bi aseétahqg? g%se%’ ‘inﬁ @elré’tnl‘@ﬁpt S
SPrEgRing pravessa de athitrirp dresholdafor PRITYése gemes. 06011 16 ERJSQEL'tRiQ is

dat a t hods. I n, Akneaev et
ah %901‘%%0% lt’ﬁf%&ﬁ%g?@g{aﬁt’@supfg 1 @@s‘gqgtblqiafssumptlon that statistical

significance denotes biological significance, as discussed previously. The results of
this method are ambiguous, so far as interaction predictions are concerned, as the
primary purpose of the analysis was to determine interacting pairs for the purpose of

vaccine development and no structure was available to determine accuracy.
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attenpt is nmade to incorporate phyl ogenetic
i nformati on. Methodol ogically speaking, 5 the nethod

wo@RooMezmey et al, 2000, has a nunber of stri kiPQI/US2002/030656

simlarities to Pollock et al., 1999 and thus shares
with it many of the sane |limtations, biases, and
consi derations. Again, as is conmmon to the RNA field,
a nunber olekc: threi sacpmiegeherdison aff roimeamsHt, biastd) ouit-based

us |n uct,j on hei r us Fi.nal | .3S seen.
P0G o e e iy o Pt sttty fpeon into these
sc@fegsmawaﬂarrﬂ&ﬁ@@s S ARl 86al., R00G, fBzam nf@e£16:30-512, an
threshold of |ess than 0.05 |svd£ None of these’
umt@nt

radlemptis thadedo irperpaigtie iphylpgenstie Adethadalpgigallyf speaking,

APEmBHoe Y Rifhs et 2000 B i QSR TRBkipasg Pottock e
g, Nobsarll thudsikesarigeit diaai pf te saiie limdtisiond) iides, abd her
deviate fromthe present 1nvention, In the net hod

Fenvdepaens; Againgagscerimen te theffNA figdd 2 numbgsiof scemg methods
use%rggg etZl h‘gﬁgﬁ“tﬁ"?w 82%“: ?rbﬁlgg acglogsdu 'Y g%ﬁ% yz e KRown
pretieishy, ahradstrarye sbsolitte sndnemphstic ssraaﬁingrprd@ss: fsi dpph!edam this
a nethod o nteracgti on redct' : h

o b - ot gy TP Banfihs s G5, hincibd i ristipds have th
mBiifph émméﬁl@Iqh%@rbf%erlﬁﬁﬁxaa&r@%on%qlw@5 ﬁ{leu(gmem

structure analysis) - as a prediction nethod it
cllgorithmy), since 20 interactions are chosen and then

justified cardiing to the.st ture

otual | pr edi o 8Pl m AR Gt B oo Boup of
anaRsdE vtEh Aigthér ddgte TRDE gﬁ@éﬁtﬁh@&ﬁ] ohMin the aletiRIetbed in
Ranganat han, 1999, Sci ence 286:295-299, is another

phicaihelsiie 4987, ¢ Mok tiiek 194:6%h7¢%h s stnpistiscategarcal épproach is
08} VUG RN ARSIl At
medthatislodigy desceipod bs ahetodwd irteraibor predetiomn;dowaner, careful
subset sel ect i oes not appear easil ormtle .
ATerian SRR B SrrPHERe DAY Jafiessribe amplreddy known
199G QL &b %ﬂ?ﬁ%ﬂ Dk a;%ecﬁé@or’r)ﬁ%thom s RirkSlaf since

protein specific ne requires prior
phigfaogemsetre chenenlayd ﬂEn(_plflStlﬁhé a@tmchng entheisguctiiey sndihas e not

b e i Mt BTG 0h & a<dpes PietaRE e desesibed n

\Eﬂcldﬁssf éiqusﬁ@laﬂathﬁhug% \SeRnad Yed: T 299%1 iS@otle® ptasis sﬁ&lﬁc
t hen @f plied. The accuracy this met hod
M

aeeéhqd W@& &gn paivrhy weg toanalyze plagady kupwnshoeiuteshls msieemead

0] C
PRl 3584190 L LRI BB i
dﬁ@ecttdaeahd sldbmvﬁlf:ctlotnhd@es miet pear susilit a4 AdBtherhethod is
%%IS% gﬁ 30656 pplicable only for the redl ction
N sta% 109 droein Engincsrag DRSO Bovkipass o
&91'1 GhEQRc it & i
Bﬁowld a (r:net hood gtﬂﬁé\lﬁﬁtb % %%W%ny %t ! 1§§§ge G?EB’ and is
Bhwsgodsgdby the l.neth@dmuseeldo oreate thig phplogratic nmﬁmemaiﬁoﬁ. e
rg%tlnr}g/gl%v et al., the screen of a P value threshold, this time arbitrarily set to less
then 0.05, is applied. The accuracy of this method is described as being 5-23%.
Finally, it should be noted that in Jones, 2000, Current Opinions in Structural Biology

10:371-379, a method, termed PSIPRED is described. However, this method is
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descri bed above, biased, categorical or otherwi se, in
addition to the differences and 5 |imtations noted,

weovtazis4@ et hod for evaluating the quality oPCT/H82002/030656

input data (i.e. a msalignment algorithm) In view

of the foregoing problens, an object of the present

i_nvention.i o _provide.an ab initio-type

038813‘_&?%’2% b tﬁ%?l’_r%él& 1PR&E Profein $5ARIARK FrduLg) fn area of structure

predi¢tinshit had Be& wHestiBleh Oﬂﬁ’do@? ncg‘f)%\?}g%1 3 Hﬁ‘i@cﬁ%r f)ttéafcting
al ed, and/ or a

are symmetric and uniformly sc
FAB OBISE tyge of bisnakyntirz Ktis veted hate agemuthatsndne of dor@sthbdiat

250 L B oSO BB

ding tutibhiduitked, abtaln Winefloll FSevalugfin AHEWuEY I PRput data (ie. a
achi eved; c¢) contains a screening process that Ps

ﬁgﬁﬁlf{g@?legq'%gqrétm) nor absolute, and thus able to
oo 8 10, RO B v s

phyl ogenetic relations ,
hoprovisiguimé idBogypcanmpitatithabinothbe Ma,ah cBati AR Al Srevidhsly

ot h t f irical dat h
SRS Biethoft-cal coniafha et Gat & myneeirioandanbionpborosiedrandior
Bk de3sEST stiEardszaliBi ghat féghl@ssfﬁ%coﬁg' ﬂlap?}e &&ﬂoﬁh&as%%' ; b%)
PhisrarPrheald:

is able to predict novel types o
RNPINg 8 TigooMk e¢recrirg prockss thatiisintrivgtedy Hsked th iisScoring algorithms

O R 50 e A L S e

peidet abithgy ROt atRBlue, 4Ad tivk ABRRS GEME@y Héﬁdé@{h%%ffects of
i nt ernol ecul ar bi opol yner interactions an

FRIVERSSISPIS Py wBYlogenstie reletionships, ssqesncasymbat; dpdbes not require
.. . _ H i ndin ; i S i ghl. A

Lok R A 5 s B s

plssicobhmital, éergaie] diiariey desédR6rsiop Enatﬁ;ye%:caﬂétié 9s based

ual it f the input data and suggestion for how to
%066%16'?’?@%%&5 iagle t0 Rresiicd navgl dypesef Hberaptjonshascivelt as further
s ; ly; veand g )i )
RS T B ARt B, 0 B8 o B abifp I
saqgensiesef, irgeradra, DAVA,RNArimd peateins, fotipeaRsing @oPags
for,. hetter predi ctians.. The preferred ]
s BifeuRl o Ao drisRhgeafine 5povme nbregionn g bbpteisbiopelmer
interdctibRy, kech 4spbaiotlifafcl %6 DA -prR&N Blndin T%?i r}gﬁl?%h mated
% gnnen o%o ’

i nvention dges not focus on the proper
3 dopspgt reqUITRCRNQFaoRssAaINGY dfarsersinputnh) ¢antaippa ardivdot 0

] ! . O Instead, it focuses on_.
RS ORSRI RNADER e Rab B et el S
thesonéa hetivdbytwisien el shjuenbd ARPIERRI Br efrbrsOLHES is

#o ana%%ze genones and proteones, and thus define

GHEE: bivanseys sheyinpry daginis reinedrvag its mvinaligmmientot gorghm, each
stbde@Sive pasd aM&ve AHHE / /030636 1. SUMVARY, .

OF THE T NVENTI ON I'n G ddloiont Mt "’B}%é’ggﬂ?n%ls}{ymg all
afihectorégomet dhgectivesispefoued avhacinsforpetghdveral et hod

for predi cIthl rfjcl; i ntt.ra | ecul ar z%nd i nt er nol ecul ar

bi opol yrmer csent mvention does not focus on the proper assignment of
tertiary structure as do other ab initio approaches to analyze genomic sequences.
Instead, it focuses on the assignment of intramolecular and intermolecular
associations between and within biopolymers, in order to analyze genomes and

proteomes, and thus define functionally significant interactions and active sites.
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interactions generally conprising the foll ow ng steps:
5 (a)obtai ni ng genom c/ bi opol yner sequence data; (b)

w@eeohoesing an alignnent process with the seqRents2002/030656

data; (c) perform ng a conbinatorial matching
process; (d) performng a scoring process; (e)

performng a _screeni ng process; (f) performng a

P
m sal i gnmemUMMREOF THE INVIEN steps b through f;
and (h) Obtﬂ'a&o?&nc?%ﬁ%b@%ﬁeg&t 'irgfeﬁﬁg@ﬁfert% s BIEViEd Y
sai d associatron rnformation predicts intrafolecular

Tompinthtiond] eatind defoy beedi dding Mot ania cul dita@d atimmeslsculaopolymer
net hod of the present, i nvention has inproved efficacy

p ]
duisractions seperally gerapysing dbe followingsieRsds, i.e. it has

been shown ' el . LG |

(e fig " §HRoRLE BERRIBIobBR e sElus duuaREE LS an

apighineutiyirecesowith the seqopob yater €) perfainitg agombitkaniabiiaching

RNA an rotein ee Figs. 8-11 and 15 .Exanpl es

Prgges ) B OrR g s Ditnd Pt B3 bryuding A Sergenits Bivecss: (0
FBRHinE %tn@i§aligﬂﬁfeﬁtfﬁéces§g(fgi) %X’ci REpstBrieB ! MBS obtaining

escri be nethods partly due to: I) a scoring process

@psciatipn gnfpreation vdeesie aid kessocktien smfomeationredicts intramolecular
i nd.or_ a.process of standardization

%ﬁgﬁlﬁéﬁ%‘?@gﬁ:‘)ﬁ) glc)%}eésu%teﬁg?&gre uniformy scaled; 2) a

ri gorous sdheefdtig offh@pRsént iliahtibBhdsiinprs@tiiicdcy Bk&dhe
to i.ts scorin algorithms, such that high accuracy is

PEeviishedrseribegmethadsy be it bag hsew showan torpaevife renearkatily reliable

%Eénaii&go% e 8 8hsg hi‘i'gﬁgleaﬂ ‘i‘nﬁégléﬁd?ﬂk geﬁe&’au}i %@b}liic&lilé Lyall

andl e the eftects of Sequence selection, “p ogenetic
ibedpatynoers, hingheding, segu elic, RNANDBIA and) prateinst(hadtiba @yl I hat
es ho equi.r reconcei ved bi.ochem cal araneters,
T G T e
RRcaL ¢ 86deRE Srali ' s BattBY due Yo '
oAl g(es * d}ﬁé{flouﬁfz‘ RAE&Bibk tmethods %ﬁ%ﬁu‘é?ﬁo.ﬁ@%@cbﬁ%ﬁ%y@% that

) is thus unbiased a ul e-base
2 ulipithesdiss dipy atetsarmniedriey pigchinyi frud p seateddanddonck poesss w6t

s [ [ oF Mous ;anounts of  user. i nput ; a . .
BRI S Gt D e 2 iempge sorcening
gedcassahak is Bing@esy liaked WritshevritOalbomho Ssuch thaRikh &curacy is
thus a novel nethod by which to anal yze seciuence
aringyRde Al asaresning pracess thahs mejther avpitmDURITGh5oluisaand thus able to
o I : - . of i .
hgha Kl CE 3B B8 sdeifncd stod Bhob el niRthotlsd,
a¢duense iumiber;31) ahnéthedolpgiettihicddes nst redidird/ e 26H41vAR2 BRBemical
PCT/ US2002/ 03(5){356 B&l EF DE%%;’It PTI ON OF THE DRAW NGS |
PHEMSHES SR FREHPOA P rcigitiauichasphysiroghayicalagnegetic,
Eind110) HQWiRBrs Hoh ik &Amdss fhub ahmgged%{nﬁ hﬂfb‘f&ﬁégeay a

enbodi ments thereof in conjunction w e draw ngs

methadology shatisghighlyiavtomat¢dy wndi degyrahraqiire shoratous gmannts of
RS qﬂﬂu?,v%) %fmeafﬂocﬁ))foe g@pflma Eyaluating the quality of the input data and
suggestion for how to improve it, and is thus a novel method by which to analyze
sequence alignments for errors; and 7) a methodology that is iterative, because as the
input data is refined via its misalignment algorithm, each successive pass allows for

better predictions.
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enbodi nent of the conputational nethod of the present
invention, the dotted lines indicating data flow,

wo-e@unz7520 shows a hypot heti cal sequence al i gnnRet/PS2002/030656

Figure 3(a) shows an exenplary Actual Frequency Tabl e;
and 3(b) 10 shows the correspondi ng exenpl ary

Expected Frequenc mqure 4 are graphi cal plots

of chi-square X A P REIVEIODOFJHAE DRA Y g2pendence

on DF, such distributions are utilized to uniformy

scal e a gi vihe prsestdovantionFifjumow e daseripddyyhwayadf the fillowing

re distributions an he aneters . utiliz to

P8 aBecpRO P LB S0 pEerp EREL By apiichon, i e
ekanipeeirofhidh Act ual Frequency Table; and 6(b) is an
exanpl e of the corresponding AR table, utilized to
det er mi ne Hi&al s ghlow fglém@réégt,ratmsiag@wemvwf grsexgmplary

' t ' i byt | . 7 i .
SRRl OB coffoutaflnafRARSEo e bl Bt d e g tines
Tfdigating datgfi@phi cal pl ot of -1ogP versus V scores,

for the Al ex le; 20 Figure 8(a) shows the
structure f %urﬁggg?‘ﬁs Wﬁwoth?g{@a@eau@cp pligementyt i ¢ RNA

Al 5y as pr gg r ' .

et hod of CRE o g) ot BT A TR RS Tl R 3o
ishews thetcoonspohding BoeraplarExfecteddr&@uengy Tableat al yti c

RNA Al5y according to .t.h i ochem cal | redict ed .
structure; %cﬁgﬁﬁﬁé%@hlfé pYts g ﬁE'SﬂP%rF ?(x]ﬁ disfrébutions and their
ldBp&ddsdd GHIDPOSILH | ki i i | Gven v2 score:
a?:llt) ds to whi c’%%% 1?1g@%’ﬂ@%ﬁ%&%ﬁ@ﬁg@%@ﬁg%3‘ gtq“eg X seore;
exenpl ary digwelb aergrapifical phes pf esendistribuidortsi and;;thepetameters
9f. epicts t t hr.ee- di mensional views of the known
P&ﬁ%fdgﬁo)?g?]t%e #ﬁﬁlﬁlﬁh‘gmﬁlﬁdi cating that the exenplary
enbodi ment & R 8S88knpld ' ] . :

i nteracti ngq’énuacpg)p aci ds;p F%P%d%%‘ﬁ‘?}é&’laf%éﬁh@d 6(b) is an
exapplg @t theecormssnondingi ARy tabdss iutilioersto) detarninepnisslézisd se@@nces;

and the amig i to LGgh.th rrespond, . .as :
predi ct ed %ﬁ’gag%ear% P%ﬂr]ﬁaﬁ P&%’gﬁfeﬁg L lsfrﬂjéltlﬁpeg@}ﬁs a
igruphival plot oflifé HpeRlsfire tistributibh eed Aicransianatal YlGWrologP
the crystal structure of a nononmer of the protease;

Xpus Y (segreadpr e Aldy exammde;di mensi onal -14 WO
2004/ 027540Q. /. 2/ 030656 ' f.a.h dj f .
the prot eag éé%%er rgntéL jlég?o)‘?’snglg ﬁ%\%%ﬁe\/ Oﬁyt()%{aﬂgvé’g ﬁe&gﬂ?{? iPeatalytic

BiINY0 Al eax prodictet) 8y [Hices@fpldri ¢ambi@ditne 6f the eldhod of the present
Fr edi.cted | nteracting am no acids; _Fl(yqur e 11(a)_is a
nyshion s $(hyyshowes thentsrations fprgepmnain dhef the Grewol Icatalytic
AN 5 [ : whi correspond,

RICh hash SFLREHE e SECLEREAR hOaieibdRy 5 {he

present i n¥egure %) isarteblt ligti)g the pitetastimg pdsitims in tRNA and the

nucleic acids to which they correspond, as predicted by the exemplary embodiment of

the present invention; and 9(b) depicts two three-dimensional views of the known
tRNA crystal structure indicating that the exemplary embodiment of the present
invention predicted the interacting nucleic acids;

Figure 10(a) is a table listing the interacting positions in HIV protease
and the amino acids to which they correspond, as predicted by the exemplary
embodiment of the present invention; 10(b) depicts a three-dimensional view of the

crystal structure of a monomer of the protease; and 10(c) depicts a three-dimensional
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di mensi onal view of the crystal structure of
henogl obi n showi ng that the exenplary enbodi nent of

W bh@4p2gent i nvention correctly predicted i nt BCEHU$1002/030656

am no acids; Figure 12(a) shows the secondary
structure of 16 SrRNA with the SHEVEK prediction of
the 1268A-131 1G interaction indicated; and 12(b)
IHONRL ¢ @mOdml%péme@roteaﬁe@ﬁmpg@bmmmmmatfdﬂ@@mnplanh

I 13
PR o e el YeroN R BB Srnele i g s
f or Histi dwlguram(@yw ﬂableasan@mnﬁxéra@ﬁhgnpaslﬁmsgh@xﬁoglfobm
& active site in the E. coll Xx-ray

theraipiag acifisegyences tg vhichhey e«)ﬂ%saemé 25 @red@qﬁ@d hothe129
B ) Sl S, LR e
pireetistanabmiewf onB@d'r-y%@Irubtmlre of héng;gl@ﬁn showeipp étht ﬂ[bteﬁ;emplary

tfﬂ’?’sﬁ‘%%aﬁthetm%%ﬁﬁ‘é%}qégﬁga Y RTR lé‘iegé’f?tfg@ﬁm&ﬁ @ametamsiﬁ
-93A for Fghg 5$2%§f§fﬂﬁ@qh9§ktcg ndfi§ sehQIRNEAk A with the

structure of G oE 14(c) i s a graph show ng

§HE)6EIQ ipeedietioa qféh@baééécmld@mteamﬂmmmdyatsmm wﬁue shows the
d f 1
? ar i ous fzgégﬁ]é% 1%&‘&‘{1 o r %ﬁf%%%yfc&' sltag RGeS

a list of defiraildiapsisovarnte QHE'VEBKIﬁEd@ﬁ]&l SOTO7Ye I IRG H¥&ction
E@r@éﬂdﬂzs Shevek: An exenpl ary enbodi nent of the
t

f RN{leSmtggtéqﬁmappﬁq QR0 Delosru pf the gctive site in the E. coli
125 ) S SETISTOS: AL AAEPL 10 %, ) o
d36) ginavethd iSTTEV EKidipasd t;ﬁnmmeanailyae,cdndr ow i s

conpri sed f.eren uence, The sequences are
rel ated t o%rbg}’ée é% ﬁ‘? 1°H9n§f3§?6lf g3l fr HHY gp120,

fneppéd 6o ﬂ@&ﬁnﬁl@;‘ébf gpmo Shaut @el@%kﬁtbf‘c &1 &9 rﬁléb) shows
uch as, but not limted to, si ngl e-char
g‘@sﬂn@ﬁapleewgr In¢aragtion pmdﬁcfﬁ@tnérii%énfon Grelc$,dsamped ontecthei c

t u tural /fynct.ional
PR 8 i BRRRY LIS AT SR Bt RSBt
BEn AP 62t 23 08R01 4(Oshbas tRy SHEVBRK i¥dibel ,acaﬁla@y foP13 proteins
ot her nonanbi guous identifier; characters may be

af yions dengihs. synbol s, any ot her machi ne i nterpretable
synbol, or namde of any |length or conbi nation of
synbol s, such as a nane. Exanples include, but are
not limted to: theIHEMUEEHTBESCRmEPthreviation
"Ala," the word, "Alanine," 5 and the synbol

conbi nati orhe Tﬁﬁﬁvm fsal1e@er dé}'ﬁﬁtl@i%tﬁd aBB1eiatibRd fof tmB Ssed

| aced into cat egor| es. Nom nal data
erein:

Shevek: An exemplary embodiment of the method of the present
invention described hereinbelow.

Sequence Alignment: a two dimensional matrix of data, where the
columns in the matrix designate different positions and each row is comprised of a
different sequence. The sequences are related to one another either by structure or
function. Each position should contain characters (such as, but not limited to, the
single-character designations for the different amino acids and nucleic acids) that

occupy the same structural/functional role in each sequence.
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Is a type of categorical data, for which the concepts
of order, rank, higher, |ower, have no neaning.

wex@aprzg0 of nom nal data (data that is describkedukzpoz030656

nane) are countries, fruits, sex-type, and species.

The Shevek nmethod nmay treat the characters 10 that

occur at a position in a sequence alignnent as

cat egor i calGChananiéradnydambol, naxge,ar iodter onngrhivigeswsdténifier;

I eneral ,. denptes a.rel atjonship between  or appn
SRR b beingticsymbals, 1 e liching aissalEie wmbol, or
PhMRH any MngtH & dd@hindioh @FBY1AbALS, stel L4 nAAs FdatplRRclude,

bet ween and anong the different positions in a

Jub s meblimited tordhe lettah Ak theabbrey psinds“Ale, "dbe oird{ Adaméne,”
& und 15 at those positions in

?ﬁhe\‘%eguebﬁgg&g%gﬁﬁgn%@% association may inply that

the positiQuisgozisaioDdataldach thktccah GealRdd into SRREb®s. Nominal data
roximty, but may also inply other types o

b I f
Q%P KPP Gk §ﬂ?§@§ca§ etk 1o whichthkgongenty ﬁﬁ@%ﬂ: vinky higher, lower, have
o A4 coms
Al RS Bk 5’3353%@%“3%‘%?‘%32% (08 a9 hggcpig%g%%%) ar8"

-

a rel ati—onshi unction o

lsownttibs dudite, seCdps, aad epdcis. Mt Stevelgmetodassy tréatyhe characters
ragcess ghat .generates a Ia]i.st of 20 conbi nati.ons, of

BisLiopiit 4L 2 PasiHion 1 £ prglerpealigpmet o Retopiacal.poginal data

associ at i ONssbSatish (IaeREtio)N M F@rfe@'al, dQotdsRGRUPRAF Lo Rfveen

ultimately detecting the actual associations that

&% ppng fata. Meee sneeifically, i beorefededehbolliment, ShéveBhtmsekethod

' f - . nop-.redundant ¢ ihations. .of .
At of Bedsh ol Be B B iens B A A Be R B
Géquensd dllgantent, avitclpOsdspdiils 16 asbciagoilctwedf@Me characters found
conbi nations. 25 Frequency Table: a table that

&hilies pastons pp theseauange Akstmsnt. 4y asgpeiation maybnplytthaythe

RosiR doptfied Ei¥iloCufftispilcl frof AR M hD B0 REHY dhepes of

gcrlah_hbmlmp_ i s,esucbusembegmtce:lohﬂtmticigﬁ raarelaeibﬁs}ﬂﬁ thlﬂn&ccurs along a folding
ositions a ose cql unns._ denot e e characters at

PRy B baloR basel oh STSRGIOn Althe Diampdsalen ¢ b &

tabl e may 154 : h -

bour r onees DuiRUBRU BNy PRcois i BEAR (i pERAAACh bt of

corabizadens afipositionaed isthesd ligdf Hre possibbl astacdations ty/be later

: ver, th .val.u | so, jf desired,  be
B B RSt T e e, B SEeel P ag e
dessufrehi prefesied @hfbodingdhd b BSHevER, G 3 tRS-wa 9 iindR R As
16 WO 2004/ 027540 PCT/ US2002/ 030656 Expected ~
perabgavensad posiensmey be genceied Meererony opplbinttionpefpositions
?lle;'p%gsif)ﬂ%,esdeﬁlak h{lﬁg—%%%%{n%iﬁaﬂ@ﬁs. no association exists

or any given conbination of positions. Such

frequenci eSrayayndyeT abdd: audbas et etfinigatasitherdatind®for any given
ds, includin assunpti ons concernin

t
E?w?%@tm"e i ROSHOMS{ BARHTPESe pomipinalion Iotion (.ithis may be
H8REBePbyY & BALANALRPOMIPYiPRhERIDRE ﬂgrbqtg th%ac:l]lglbilcf%rs at one

desi gnated an expected frequency ta
Hesitiensiand avhoserpdlymas denadi thg charactarsgit tiel otherqivattiohi Prefarably,

the values in this table may be a simple tally of the character-character occurrences at

those two positions; when this is the case, this table is called an actual frequency
table; however, these values may also, if desired, be weighted according to

preconceived or empirical data describing specific character-character combinations.
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Scoring Process: Any nethod that results in a score
bei ng assigned to a particular conbination of

wW@omun2wE, sometinmes by anal ysis of a frequenegT/UsdehE030656

A non-exhaustive list of exanples of scores, each
resulting froma scoring process, are 10 correl ation
coefficients (sonetinmes denoted by rij);
maxi mum | i KEIPeHEe Frediendes: tl(@éh%ﬁ%mn@meewow expect given
' = i = tat i CS,. a s
che A TSR A S B Bl BB bSigorfot osicons.
(Schitennesied amt teccahyn 14829 usingldnyedumben bOmwode including
sonetj mes denqted hy M, |, M, uncertainty . )
ASHFRLOPS fpacerupgphylhgwetio slatonshipy Iythepreseppinvention, these
&Rk be | Rl | Y,
e e B T B e! S R S D b Band
\Betergingd aivply egcayding -t alapgindprédabilitices (sonet i nmes

denot ed by . apd degr.ees of eedom (.soneti npes )

denot ed by Sg?iﬁn.lg P ’f—9r°8§sg A2 Ir’§re?h‘f‘{1téaq g tS1S”6 Brsc?rﬁggglgﬁ“gned toa
RficaBr 35biateh oXpFositions Fonfitheby alSYEY 6F a ﬁ%gﬁ( ncy table, A
suitabl e score and nethod known ih the art na %e used

mensehausyg lisiof sxanpleg of snorsessch afsutting fpme senering process, are

[ ] I formty. Scale .unif 1t .
SR RrctfioiE cedihes i by B3 gt Bkt ios,
¢somatimes Gensted bp M) H, A¥; dikeBhoolhetic aiiguad sttisli@, 8pecific
t he. possi bl e scmr(e&oggr each score, is the same. For
SRR o 2 ey kel fyfiodseractimes doppted bydd); mwial
SRRSO ARG Ay 1A Wau AR IR ierdy (Dihemes
Headed by UdBesR2xPaatsoints dhiveqiapéd avistigs Gotnetitied dendied by y2);
ore,of 1 on a 25 scale of 1 to 10, and a score of 2
Sameigey sighes s petnss dago HYpY o BEWDEDILIY BHP{vBhie of Rescores
K . i
HooR el dBARERBY ¥);P08 IR SRS SRk &AUR (téﬂg?&r@g%egogedsb&D@f

t andar di zati on” Process” A process
Peafereblyt thatlast Gourdypes pd sewesars osddey Yy, fRyand DF; hawever, any
alters themsuc at the. set of scores does possess
SelaPlschif A o R FoF St e geH fesheruenbg scoring
?f@@@so?,thé rebeht IReRSSATY to know or 30 determ ne the
scal e and range" for each score. For exanple, x2

scores ar eSade Unifioraiteridale wifatmity axifis whentatset sfstbees have a

of each x2.,scqre.jis its. X2 distribytion. .
e RSt SR TR Mo St wtee e of hepossive
sabsSfot EhGOSIEER PBNSHNTY F¥PeiaPl& scald iR ARAIRR 78fkist for
PCT/ US2002/ 030656 these uniformy scaled X2 scores

By @ sqeessiip e folowingsifuation: p sgerg 064, grvs sedssoskt K and a score of
if ' . Al hterpreted as a
SR QEAL LY 1 £ 1660 Fteéoae ?Sﬁsgllhlistge {%?lowmg %@l 73 SCOTE of J e

1

measur e o¥ stati sti [ 'cance.

selesofiintet10; end 4 sidre OB 2iatredcaleaiitl thoW 1Ak pieddts idFe@tion, the
co arg%- i.e. how Agg&ﬁ?oci ates with Bis the sane

WP By a?@f%%sﬁféis%ﬂl% THYA. 5 Asymmetric scores do

not have t§i8dB008864 Prockd: Al ?%&Eseﬁﬁf Wik dd W& bF Odres that do not
symetric scores are preferred.

possess scale uniformity, and alters them such that the set of scores does possess scale
uniformity. In order to accomplish such a process, it is necessary to know or
determine the “scale and range” for each score. For example, x* scores are not
inherently scale uniform; the scale and range of each ¥ score is its %* distribution.

Thus, each xz distribution can be used to uniformly scale its corresponding ¥ score;
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Screeni ng Process: A process that evaluates a set of
scores. This process determ nes which scores are the

w0 e®ule7sed an actual association (between the PCT/US2002/030656

conbi nation of positions a particular score
represents) and which scores are not. It 10 may
consist of three parts: a standardization process,
vhesemifaimlyspaled %'c atarss aneylesignatedP seures: 8sscomes phssassescale

1 . farnly scal ed;, a threshol d detern.ning. pracess,

ol 3 ol TG/ o nl 5630 ik oL gl getiToanee,
represent @iiiMiryassecorelid @ntnerAPH ifis irrelevant how positions are
chai n-elim nation process, which elimnates scores

toREPatede ienkow Asasrecigies with B is skeswnieavittolesw & associates with A.
H K . i . f. t .
SOTRALG ORe o AR HA Ble B05err, T b b¥soR in@tdeRR sy mmenric

praee s préfatreval uat es the quality of the input data,

in this case the sequence alignnents_ and ma%/ al so )
provi de suéﬁ%‘f@ﬁng 4ogess: OF vt gyiabiptesiaset of scpest Hiis
PréRbN@erin M GEL §Rr&NRE WG aERGE aﬁ@ﬁ%ﬁ&cﬁetween the
al llmgnrre_nts for errors. Sensitivity Process: e
semination pipositinne spartzadansewre nepresenisisid whicRQc@iey & not. It

score i.s det erm ni how nuch a score is affected

30 pdtarle B stk badprocest Rhiohmt Pupivscales any set
OB b e RRGA aRSIEXAFS Y 884188 AlthreEHAS HetbMiRIRNH86ss, which
Exact statistics deals with frequency tables when tv%e
dstermings thegilueabgvmhichskeraedo tpresspzactiel aSeaiaibgrsesid 3

i St . [/ 153 .1992. Determ.ni ng wheth a

Ehhctpingblyprdects dcter s {0 Pt et i
absoaipti opoaohib@iatioayeN ke ciftibhk S tfavot @PMEdg, @ktal associations.

advocat e the, Lise of the set of paraneters known as
Cochran Coh#stliggiment Bocesst iAsprogess jhapemluatey the galitged the

?ﬁ{/ﬁlﬂ b4, in ¥Ae dase %@éé%héﬁc%sali inléﬂtz hﬁ@&n%?’ %%g p?%\ﬁﬁg Megestions for

ention 1's a novel conputationa
bredo anproye itj it is dnmslasnethad bamdidhrid engtpremd @irect sequence

bj.opol r interactions. An exenplary 30 enbodi nent of
el e

P¥vention is referred to herein as

" Shevek." Fbgiimmty@dcess! Th §e1ﬁfti§§t22§oée§kvﬁ95§uﬂf§ }frir)equrobust a

predi ct both hono-bi opol yner an t ero- bi opoly

EHeB serte iso iy detgrmainingiow Bugh a gesk s affaoted| by abferations igthe data
| types of biopolyner sequence 18 WO 2004/ 027540
/ US2002/ 030656 data (e.g. genomic and proteomc

sequence dakact Staistied(abo Knatvniad ERAATéAMEnt, Exact Inference):
Addi ti gnal lﬁéi’%ﬂﬁunl i ke other nethods, the nethod of the

prad shfistiondsnls ok Eemsresiablea whew theldatn i dhem imamall, skewed or
g;;ag%;?S&eé&@%% gﬁg&y 85, Hhg18fshi 1@@§>’D&£n1%ﬁglg§bfi?e§gﬁ§%% Spble

ction: resent- 1 nventiron s uni
raquies edacistatistical dvandlagig nbzAwdgd possibleaowerst] cigheas s

SN A AR N DR —
BB LisHEPBPW BI Codiih. CORAERbrA 10940 Blonslatias a7 4y,

The present invention is a novel computational method for predicting
intramolecular and intermolecular biopolymer interactions. An exemplary
embodiment of the present invention is referred to herein as “Shevek.” The method
of the present invention can predict both homo-biopolymer and hetero-biopolymer

interactions, and thus is uniquely capable of mining all types of biopolymer sequence
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anal ysis and error detection: Since data may be
recogni zed as neani ngl ess synbols (i.e., as

w@2aa0eQuisical , nominal data) in the present i nvRCL/US002/030656

data can have no biol ogical 10 characteristics. The

present invention does not need to recognize where a

oq%ne begi ns . or .ends; whether the data represents one
12(erh SHRUNY 2B REdsonye sqgsperdatpiier malegulas inferagianse n

SRAHBEEALy, BB P BIEHRIS She ﬁ{eﬂﬁ)dEHil%héﬁk%Hegfﬁﬁfe t-[&?co ses a

present i nventl on may recognize, instea P r%%%rll

ind&ak inisabgnmeri ps)ceashhatsymp:roVes 'the effmacybef arsmmmzmﬂhason

i denti cal ﬂk?t he sHyrrboI A" and di Lf erent fromthe

synbol " ST IPHQFIO‘“AS ‘HHSPG atgimigralion ran geepenize data

rm&hﬁéaﬂﬁlgﬂd%s syiboM. I ﬁﬁl‘?&:@hﬁéﬁﬁa scHdngngd Srokdys BRR Eﬁégﬁ% aectcgrdmg to

t he rul e-based biased nethods, as i'ndicated a

She natpe of dsinavicdag, andmaty duconpmate ey cancept of it damedality
"éﬂnE ms%ﬂh@ﬁoxi:&’e?&?il |y according to physicochemn cal

erties or exanple hydrophoblc resi dues may be

assumed t 0 Sindealafitrhay betdcesnizat atshn&inﬁi%less@ bOR D! 4s
resi dues; data which fits %[ﬁls ‘rul e" V\oul%&ﬁthegpege

gelceraeth noypddetapm G preseridinvatign. dida eaniave no dodegical
%ﬁﬁract-gﬁ%&a’khé)ﬁ@sceﬁ&l g@nﬁ&l d2k ﬁ&'t rgeléﬁ by reggén £ %Vglﬁr&% genp begins

met hod S, as di‘'scusse | nC e use O
ohandss Méllethst thcsiataueﬂsremtssorme),r a thoudand fales;Ortwhetl@ the data is a

otql;er simlar w i Xes. ated, the nethod of
PRECHSELETE %R STATCRES; OF @@%.S%&lea%& d b gresgpf nvention may
WEURIg AR AinSBAN) 8hly s@ﬁxbﬁpﬂbﬂ?thesd?ﬁ% tl-{e%?fnﬁ@fj‘ OF ¥ A8 drfred as

"teach™ all the'rules (since e rules are
idrmfinaldn the symbohi'ALamd differeat &oml the ‘sjfrabcrllj‘lBésbute&uth ‘A’nor

bia i nventi ware of no rul es

S8 e 08 B P B S P R RASE h it b
tbfasécllﬁ‘leﬂfodieiﬁ ﬁndlméilrﬁbo%l SiRh me‘ﬂﬂﬁis AP Thids R VeAIRS they are

% osi tions) " meani ngl ess” synbolic data and can

Eeaed "‘t@r“&&l@ " uspally aqcprding @dﬁl}’wp@l@(rb@é tbpsriies. For

« |
g%%?él'etﬁg& Vé]l{oﬂ é%ﬁ%t%efs rr}l%{fi) OJSSI%ﬁéde osfl e:fagnsb g(F]t‘eJ -
_hs@ophdtle das1d§b$ dntaarhiviefis, thi‘s I‘fmle’l’ wealdttherEtd doRial a score
RO G iR daesctit i gt e dhamtonpslbidesored
AR, askisced qgé‘lﬁ@@t?é%@e B o%gﬁ/ cﬂﬂ%ﬁsﬂc@%ﬁﬁy% size,

the present invention need not recognize nor re
by&pplptieity, ohethactimilagtyioarixes can be used to anal yze

any nunber of ecul es and an

conbi nat i of SP??%%%M%%?{}EEQEGSB‘?“ g{lﬂ%pYag,reqp(gfnzpﬁéta mn
po liytiiededirgannpy, @¢ Rbinabdvla. RiNea®@bf Mg td ht‘é§oh”ta|1‘leche rules (since
present invention can detect intramolecul ar and

?]111 therTmss @ra ol knews aed Bieifaiie brhavsall thedilesmeswtsgn btae) the
%ﬂpl ar y en%agg%rn%a? Ojfln ritihnl o thefetdre ehC%Vr%P ‘vqaly unElased

The method of the present invention can “see” only columns (positions) of

“meaningless” symbolic data and can determine through statistical analysis (based on
algorithms from the field of categorical statistical analysis) whether or not any
positions are associated. Alternatively, the present method can incorporate "rules"
used in other methods, or based upon the types of associations detected by this
method.
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the present invention can predict the structure of a
variety of different biopolynmers and different

whr@podpmer types using a biochem cally neutr aPCT/US2002/030656

approach - i.e. without being apprised of any of the
conventional traditional base-pairing rules. Notably,
the 10 structure of domain V of the Goup Il catalytic

RNA Al 5y hd3ecapse tb@ems@étréflemlm@beldymt vcpgiia¢ hageauyte ¢

at.her e rmned u
TR, RlbagBRiG I 0B o BER O RALE 5 miShep Beigpotymer
analesdésund dny coabird)ionbf mems:wgafdaégg omteihér S1chd Eelpolyher is
The ., exenpl ary enbodi nent of the present invention

PRPtEN: AR &t PN e, pipsery dnventipm ean dateat ttramelecular and
[ h d
Shicph o Ridei 854 8Ly kdinG IRSE TN NOBRA. S0

F| gs. 7 andExgummbe 15k anr¢)F1gs U-hesleiwithat tﬁ@reibldprar}bé’mmaﬂment of
exa

SRR el ST B fOi0gg of § @Rty R difran biopolymers
GBIt Vot RS ugﬁlg'i‘b%&teﬁhéh? Ifeﬁﬁ&ﬁgﬁfoa&lli]e?@ without

$OSItI0nS contains a colum of one- aracters
emeapprsddmyf anyief tM@angomhmdltmably)se{phemgeukmdNB&bly, the

| are osed of RNA s n each 20 of
BB SR B L B RN BR300 Bl by
ChatallopRipaic iBEhe&att hattrathREbERA! defitminddUkstR! BRI ochemical
found in RNA) and the | ast 30 positions are conposed

hpjqaes @@@@N@@sac?eéabﬂltbfes‘tshw &hresitakeanentoiotwifosmna The

h
i e R
tlhtermmbtt stiuctane vhichimwaliat périddeatnel{ashitbes of BoEs) 4rlsdid Be with

user determ nes.the input to_the netho 25 the
AR SRcuiey o rRRERaEly THBLE Seeies of nchiogad rasemnd desiis.

The presen
Tt gt o SHERty 08 GARaRE b seicho At Bheists of 90
pegitiensy whetsin theniast 36rmositieneard cofnpomel afsb@entes ﬁcrm) mdthﬁs
E % m g of tanot hetr The, pres 1 i nventi on can

GhSES PYSiQns goptaing eyowﬁ%ﬂ? irlglians afagiefSepRerqnying the
vhgowsyaiad scidk)tthé ecodd 30 YEMHER T omPssbA g R éeﬁhérﬁ:@g (each
tests that rely only on such basic recognition the

pF Bsesositins sonigins eiselimmeafonaileféss chimactiersotpresrntiog the vanous
R 40 T B RN 3L 1l A ASiald QlunckBF o PRRACT

|ncorpora an a

seqaencies [Qeaaheﬁf shesb positihae Som@ains hebiimdNoPéRe- 1@@@1* dhefhcters
arbit rar% or absolute 20 WO 2004/ 027540

BP yanetaucle acidsdPerd indoNAx Mrhiledhe nier ofite mpsthod
H@y be favdafé"&fttﬁéée%‘stl @thﬁf g’aQ hi c]fskalo@etér@g?«% t?le ﬁrgxlﬂgﬁ)ntb n{éaic’od),

Certain anount of
ﬁl@qm@mnbmseitmw oot aa&mde mﬁih#mrmsnmtwlgm Thepregeit b h@ﬂ?ﬁtmn can treat

and non-trivia 0 nservation due to
PR oL ARkt PR aStmE e o g from
RBWY, iop therr@QTohB ﬁ{dléeﬁle%rﬂ@}féﬂé g @féloﬁﬁmq{e rpgéé@nﬂ S

rmdeto determ ne how sim |l ar |sthetypeo er at
@V%&qrt Gagecagying dhesdmilarityoe dtffepren@ﬁ lrmddmntyatf tlargyntbeis, within

é gﬁren cg'l?l%no r[ﬂ% sgatl(stlcatl pes{seﬁsleﬁ rely on?y oerijl qu:h as1c rgco gnition the

present invention then determines which of the 90 positions may be interacting.
In addition, the present method may incorporate an adaptive screening

process, i.e. a process that does not rely on pre-defined, arbitrary or absolute
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are the orders (at the conpared positions) thensel ves
(ternmed herein as "ordered order"). This can be

WO paoaopiset ed as order due to the sequences appREr/Uszy02/080656

an alignment, and order due to the characters

appearing in a position. Thus, positions 10 nmay each

be highly conserved, (ordered) but not conserved in
theshe AIREF sresxamiple| bhiusot by may off lintitatios:aaver yspupitemde sy alignment

b el i AR Bl e
%hﬁ%{ anddon kiRl TR QA ¢S cofigdivatoh 6 to function,
Si ere ave the potential to effect ordered
evcdeMonary]umadd distace)e Nﬁtmrsgomrcg aleehbingfierhofgzosiiions, a

t hese. source f d d d I tl t
mwoni@maéaf AU e bk SOt AFRRETRE

?ﬁ‘@@ kcdﬁleftﬁfe OF 03&dr 20inotieRr £S5, Iﬂﬁ\ﬁ@lrdéteﬁq“ﬁt‘h rédpRct to each other)
dIS ribution of such scores. Scores will cluster at

swithe oulerr(atithe competed positiens thagpsglites (teyragfbherpiags "gered
: d_b ,
3R 85 TR s TG e p g RE R ST B e

aBgirhér) and&ﬁﬂélﬁﬁ],e tonegt chhﬂakﬁfsyapp eafigsia aqroditiord Tlusgpesitions
above and beyond that of the ordered order experienced

Blayvseeh beBishivosnnsersed Kordered Hawtmobrenseryed i By samp granper (thus,
u

T L

alinbs aligemértanethddesagyy andomaiu’wn, ast Welbas étbepiongres,can el be

t hat, d d. du t L

s e Pl el PR Spgin o e

t\x;lfhee%lbﬁ’ bfmead é&ré‘e‘g QF 8RcRYorid X phidlily 886 Predaitandidd may deal
hi's net hodol ogy al so serves to explai n why

Wthﬂaemumphmﬁllyf oy ﬁhqv)sg;lg shresholdsdprg sef o SQCS%‘FC@P@W%T@ the
5&%@@3{9@# Sgrté}h ecgfelsu cor '\{)1 tcl?l,fls‘[&%? Léite 95‘1{{ hﬂg ‘fo the orqered order,

scores

OAR1BG dIRbirck fex@bﬂlerﬁeé@byi‘ all pesiorze €Bnmﬁérftt$f edfbrésl’that do NOT
sane scale. Thus, there exists the possjble

rcg@grﬁgaéﬁﬁmll Aligrther seeren ARidFY HePiss IBP%&’@SM@SE?IS? grdegeg order
S’aﬂg{é r%%e%}?di fﬂa? Ot t@@ %Hé?édsorwé}e&p@% 1 nt':d 8y aff ‘15951ﬁ§n§ Sudipt

us,”as only one
sidditienal drdiered( bsler fsonosee akdsiy duertn asad)maimmqun@pdsnms Ti®S, a

Chal 4 (f b %g%ggrﬁ % ?s%é ?(b rs}q@r&%ﬂ?a{g ﬁfusijgr together, thus
%@ﬂlﬁg O8brEBYaNQARERS SrdRf AV &S dﬁé Q?ﬁsswélﬁtﬁbﬂ 1 BIRsifld b®appreciated,
nore ~than one position, and this ordered order nmay be

cﬁherdﬁofef, dhas the astyad ﬁg‘p&]@ld(\ral@ c&lgs@cmay gary ffoxygach data sef. This
% cP 5754331%0'3(7” Y 2001?%‘[/ 93 6ygs§11r{nﬁ etltqc, IRfogml s%aleagg s are

ery presence

Yréteired 1kigRtel dh!@clhﬁe@ﬁ%s@ﬂ‘dcé‘ﬂeb and ﬂmnasealuaﬁrsblecmi afoutlier
of positions alters th andscape of order in enerﬁp
f

scorak hargloprcahmeaning way jf alhgpres Ihé‘é%b%§F?lieé 98 the Fangers
I']:]i]'il rtﬁglre'egﬁtc‘s tW'e &)Bss"fﬂl!e reﬁh{}gl{lent 981,5% %tht?dﬁﬁdlzﬁi&ngﬁ’ﬁcédhf

nmce or actual associati on i eve scores t
dacndistrbutibt ahaysisvivhen abdt otﬁt;d'oedss ismot mmfc(rmly; sqalddf Symmetry isa
posi tion @ associ at. s g ition B, n

(98I, 23 ATk, onescRug i @Xish OF‘H%]E‘at]toﬁé) ﬁgf‘lwow se
conbi nat i oreiBXCeAthafi&Pfi&d ako be important in the screening process of

the present invention. A position may possess ordered order with respect to more

than one position, and this ordered order may be of different strengths (i.e associate
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suggesti ng associ ation, even if BxC do not in fact
associate.) For these reasons it is reasonable to

WG o®pez1s4d hat propagati ons or chai ns of order eBCDUS®N2/030656

may exist. Since association information contains no
causal information, it is not possible using such 10

-association informati on alone to tease apart such

Gitainige Ithlah oﬁ?ystﬂeg p@ﬂ’(ﬁ;&i)b Iolf“arthdsrmmeg dlng very pragencerafionderederder
"pi nnacl e", of ordered_order in an iven, chai,n, given .
4 Detos RORAESS SO ML Eh o1 Rt O S GHE PR-ep? Rirr n
g%]net?a'p]' Ql?nﬁﬁxggeﬁ &thr@ fiﬂag 1Rt thdse pOIPRAJA tﬁﬁié intBd8tiord vatenl other

e screening process may Include t _
pokitivrisf éithat thooughf chavtradmestual assoaaiond Will dercvesssorgeithat g not

the selectign of such a.pinnacle associ aton...that -
FEPEEURAL ofKE 958t (i Ry bt B Rsay il Pfiqrofh ant Wit
BYSHioh Ol ¥ 84h 5 RE BaRfth&tEep AflwiedBMmbinalidg BXEEStore(s)
Invention also has the capacity to analyze the quality

@iggb*t'mg_ aiimiﬂtiogmﬁﬁgx@dp glﬁh@rfgct@ﬁqpcgqy@b @@p these reasons 1t is
FRr e P oheee R Rba B o £CraRIRA by i, Since

hapsth@orinsshagsh toweink AP dhusdBihformaXidm it isiot possible using such
m scl assified whenever a flaw exists ip the i ncpu,tb
suauiaEniMaHaR Alone i iratrcapati such JWinse Hyanche possible, however,

o@&% bt ..34 fhe? fnggél&’e@f $r18e drdct Hﬁ:{rﬁ/ ANSRif chRAGBACY

a sclassification. Such rnaccuracies can
einasinnesalnhost Hikélganayt dimisislothie styerzgtitl oS srcbemdergd ofder akit a,
and r esu%}1 in inaccurate predictions. Ac&q*dl(g}%.h R hef
ﬁg}pﬁ%adeso PEh él SEﬁpég SCI‘? ?(‘&ﬁs W&¥ I%C&Ih ea F] 1 111cation o
@hﬁﬁ’% SARABRY oRleP G Sl MhERIRHA B5SRH al fihdacle association, that
m scl assification problem Therefore, the present

S
rgpresants dre eshamsh sitongess assadiationyfps svery @i vancahpBrf qrdgred ergler.

25 input data. Furthernore ' ' .
i sal | onned b BieaELE g e B R HRLALDS b Bhdlyzs the quatiey of the
RipRE b bt AbiAGenstSandi sig@dt edresctibnsy Supaivieata thinéng of association

present invention can refine its o predi cLi ons.
meferpationapqujtes Shnrbikieio seeaniag m@ﬂ&n%ﬁﬁpwlﬁ%cglﬂp%@a- Data

‘ r?r“'g]%lﬁgfg}"siq%&gghgﬁé&g} %/ ghvz exisls ih ﬁleﬁqglﬁ;%&%‘éy §hgifRéntPand because

uantitativ judge" its own
Sqeacdlzmnentetooter Bauid, ihrge ¢ests o tendengefor detat at i on,

t hereby. trenendously reduci .he. a f . )
oSl e LS S AR ing s seening o
B eHd r@&lf%ﬁnaééﬁra%@pﬁ&icﬁb’&nh eotiglyt {El% B6MSH bF WetpYeseht

its output predictions to changes inthe input 22 WO
2DGAL QLT COMTT LIBRAD2N0S0 BB essd whichsddressas thigynigdassiication

b | teri the i t  dat a. { { . . :
hiFb hild 0B e SRR L R o
Qhue Qath NRIrERAROR] Bfl b@dﬂli@g $hi® &t ¢alligninBihtprosess topether @ith the
robustness. Cenerally, the conputational method of the

sletaspining prodistipwaroress, Insmgleapive manger, Hig RIstIE FYYFBHONGH

O BBy O Y6 St eps ag shown i n Fio. 1
Additionally, superior data mining may also requires output error

analysis. It is advantageous, for a method to be able to quantitatively “judge” its own

accuracy, before requiring tedious experimentation, thereby tremendously reducing

the amount of experimentation necessary. The method of the present invention may

do so by quantifying the sensitivity of its output predictions to changes in the input
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a) obtaining genom c/ bi opol ymer sequence data 1; (b)
perform ng an alignnment process with the sequence

walaioa/027swher ei n sai d al i gnnment process produceBCT/US2002/030656

sequence alignnment data 3; (c) subjecting said
sequence alignnment data fromstep 3 to 10 a
conbi natori al matchi ng gr ocess 4 wherein said

atrichdt By 80 sy eligring the b@@téata genencatedly (. bIs’ éhe dddgion or
e L IR T

ﬂ@bfmﬁfaﬁh‘(ﬂ@ls‘@eﬁcorl ng pr ocess 6 on the act ual
frequency tables fromste performng a

screeni ng (SFge@dly, the cogpu Bemaémﬁthﬂgi of theypregant iveatien for

R R ORI AT TR SR R R e RS SR R 8

sohipeists the fdl]owngstepschmhbwnﬁn Begquence al i gnment d ata

to steps 2 through 7; and obtainin

associ at i oﬁ‘i qli?t%élgag BOUR ”é%ﬁo Igper SS%’%?B%? g t?&né”) performing an

Féﬂi?ﬂrh@ﬁt%)ré dekd WHIR Itl%‘ééh@énc@ Rkl BéoMR! s%lélh?;ﬁmlgh%}@ fo duces
er i on

actions. Steps and 9, the repeti
Sequenougisnmenhdainé; @) smccamgdald/quwnaalngrmnmt daﬂaefpml &ep 3to

tition of thro
Al B DR BB TG e S FARrR RnE process
efethRe ¥ fidt liief poksiblle a0stichiion Al ? repdiiiey m m@ilmﬁency table for
sequence_data_ 1 may be obtained fromany reliable

$aeh pessibiegisseoiaiops &; (ch Pooiing p sesigarecessa o thrgcturd
%ﬂéﬂb qaﬁlé%ﬁf Igagf% g@ﬁtmﬁg latsareexglﬁé p%cggsef: Ieg)oﬂe?%nmg a

t1on

hlmmzpjlgninmﬂpmedss SIWhEre‘ln lRaig avisdl{gnment prodeddigbnedies a second set of
' bt ai ned from

o TR Es o) S LS sesond o PEBBoRis Alggmept data
% SR ¥ EiRGuch IR AHE 1) Shidlife Mﬁ,-%f %sﬁoélaﬁnwhe&an 'géiafsgd of

for the present invention. al I gnnment process o
mmcmlemdlpﬂswrmn@mtﬂar dndrintarrhylpatldrdtioppdymeraintegavtions. Steps

Bahie) Frenthbfns of eelir 1o ShelG A pa GUBHER: NBtre e pieps

ahd 921ng réPR¥tiBeoPREF s eshghSA, Ry BRSepthtedBBYerall tirﬁébr@ Hirther
30 al gorithms known in the art. For a review of

s@atpéfﬁ&ﬁ agrwgenehihe feehodpiclgie. see Phillips et al.
2000, 5L e Sty 0L i

E(ﬁﬁb@SE@QﬁhﬁﬁEﬁBﬁpoﬂ]h&r sajiiehd¢eadatd nay beabaed gropd Oe@SRional
g@ resent i nve t| on 4@§see. Tabl e Il herei n for
A1%H ‘E;JBl@T@#g’roé‘tgé’sm eBbi( | i st of possible
i
&EQM h%i%ﬂmgﬁll? g@)@@@) Sglg ggélgﬁ% Hé l}‘rﬂer%%@?é'n% 8ataPnay be

quency t abl r eac socl at |
abtamedlfwgm indivigdral smomngeﬂhlmﬂ sAfiprelitilb sbartce nfbiopolynaen

B Tl
sc0 Jlr Ie ng. Pr J5eaRg AL PRITREY Sfahd PR sdr®dvemii e ShERRypdthatical

alignment see gFlg 3 herein, and for an example ahgnment see Table I herein, is well

—~C

known to those skilled in the art and may be performed using one of many alignment
algorithms known in the art. For a review of sequence alignment methodology, see
Phillips et al., 2000, Mol Phylogenet Evol. 16: 317-330 which is incorporated herein

by reference.
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all actual frequency tables to an expected frequency
generator; (ii) generating an expected frequency

wao aise2fser each actual frequency table; and (iPCHUSHONE0656

each expected frequency table and its corresponding
expected frequency table to assign a score to 10 each

of the possible associations these tables represent.

Addi t i onal |'The combinsgasial mytchingpresess whihefpyeseriapvention 4 (see
ﬁ%ﬁpﬁr ];I %% GEIPFOI‘ %}?A}ﬁ%l?)t eéeg}g%ageosraggo% rrelic'e%ngr €¥ist o %&‘égsr@l% fasﬁlé{atlons
gadeliat usﬁgtliishltist S gunerandyt afre@nentapRr for édch ippssitslbassdciation

The screening process may conprise (i).classifying the

Seeqrdingrtp svall kngwimeetheds far tapylating ﬁ@yamgmoéu%rsowp esti,

AooSPR, HBrddhibh c{jnt}? (Cath) z@ﬁldD!?z%lMyszs( Wl?egszJV%rkng the

scores obtal ne ron1t € scoring  proces

st andar di z &flieanonmrgymreckss emay(oohipeise theyfolloweingdteps: (7) subjecting

subj ecti.ng t he ores from actual frequenc abl es.

ATl FEheay oRfss i PrpeRQ RS PR ) Seusaling an
?Sdtéd ﬁeé&n@ﬁﬁbletf@péa%ﬁ a@ﬁgl ﬁ&iﬂeﬁ 1aBR; HEPGRSusidd Ah expected

ac frequency tables classified as Sparse to a

dreqmezaydieblarhdis poroasponding @@eswédrenumcwa@@mssanla@sore to

ar b ubj.ect:i n the uenc
ST EL A STt Aalid P IhaR e pR R AL A g scoring
Preces fraf fiatHer 0dmpiittHa Eehez@tbn(df.other Yeirés) kdhyas, Bi@dloe Bmited
scores; (|||élsubject|ng t he set  of standardlzed
dedhe Veycore Whichrnassieanige fiese eetonatingtthe seops eftaingd fopart (ii)
n a score threshold for each set of score(s);
?l ?gfiltering each set of scores using the
t hr eshol ds Tlte@cmbmia'g prcﬁcemhapéorﬁpmstee([)edascf@rrg&he favres2foom
tern1 N ny .chains of soci exl st

¢ #t ﬁal{}f?@% ‘e 13 Nowralar S ear.sgzémﬁ p@fi jelow %); D)
@ﬁBﬁEﬁﬁg}ﬁ«e Qcc;r&eo‘tﬁélﬁ&?ﬁbﬁ RS SQFind g&%sé"@otamtﬁldﬁﬂﬁﬂtmn procedure
chain hese pinnacle associations are the Initia
;ﬁwémhanasomsludc sum@tmgﬁlhmsi:oms frame aginalSeaquenaywebies cassified as

s descri in.part r ater

el Bop BERERERRE PR spRBE L wbp ot ge YR g scores
Seone anesl feyeSbBlbs ¢1RssHicdr RSpafse RO StaldLdization procedure
di scrimnatory power of the present 30 invention. The

spedifie tq sush tabéasioz by snejeeting:the dlormel and Speese ficgnenciydgbles to the
SR BB SPon O 0l o 4 PRz RS, Wby

%GQMWJMQZZBCEkué‘Bﬂﬁ@ ﬂie@%ﬂ@ﬁ@ancﬁfcﬁwdtsab@ts) to a threshold
teract.ions; apal yze kn%l_vvn structures for

ngHpn H{RCP%O ORRITHH 800, eSbPstpwacétsmﬁsa?r@gsxf@f) filtering
regmé%?s&&és' dsfiplife Bheshb¥R ! BldbtARL garbfﬁ%ea sB&HeEL(y

t
internmol ecular “interactions between and anong M
Iﬁmrmmmg alt,}eaham,s ofiepecidiions thatonay erdstdeittan thersptlof filtered scores;

t her. nfo mat i an. na eueful r bat h

ol G alFSintsd oy bR R0 GV R s i, Jies
Bd R fatiloAs ard AT edf&ﬁ@ﬁ‘@oﬁﬁé %}ﬁi&mﬁépre§&lt BIBANGE For the
protein stability to inprove efficac

sedbadas pER Aviiiha greates duinhern crfehépr@utt pRpropriate score types

being screened may result in a greater possible discriminatory power of the present

invention.
The collective predictions of association positions may then be used,

inter alia, to: a) predict important energetic interactions; b) predict important
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or chem cal processes; g) help determ ne phyl ogenetic
relati onships in evolutionary nodels; and h) better

walema213¢0 known nol ecul ar interaction types, iBenUs1092/030656

new ones, and generate a database of such
interactions. Al such uses are of great inportance
for 10 understandi ng netabolic, cellular, and

(FHURE) dnierctipnss Rbatiabirs knpwn gleaistuses for lmpgléam inqtifh;td) analyze

SR B AP B AU Rl e S e T el

(1ﬁtegact1bus bdt@eerngtdi dnhcig RNA[ BNA/ dpr@fenis? aépRAGIBS Jupon the data
repetln steps. 3-7 (Fig counting how often
iRt e HF%:WQ?W@U%E@V betumfgl fos bRiGURDIEgiction of novel

F£Mtﬁ%§ 3s Qs Hel {)ly tat dit Flg#g o?ﬁcgg%g b Bt GRS ﬁign}?a%ge

i ncor por ated herein I ctlons
quetein ssilibty toamprave bffstcwafo nmwtmd)lleéuﬂbsythpu'av asedrih tlamabeutw

t.d t.h li
ittt Sttt ) helhuFhTGe Doy Dedd® rfhibhias P &¥akgonary
frRbd P28 hF b&RS dedchibe kSRR ho¥dcithr iltSraddiiGhes IRANBNNw ones,

tables corresponding to the predicted associations
(mﬁ@en@gtﬁl a datghapmetisgeh plt@wtmms ddksueh) umg apofgrogdmpprtance for

Cct t he act ual uen es to a
b T ok g s RIS ey ) ©, §
det er m ne mlsaaﬂitgﬁeﬁseﬁﬁquﬁﬁ @ﬁal?@?ﬁpﬁbé@rﬂe@ﬂ@l@ﬂﬁﬁﬂﬂﬁﬁ@e
reg| ons 1; and (iii subégectl ng the

ASE W%éﬂll@éﬁl@é ﬁ@%;slsﬁ e@aléﬁﬁglgttbe inpat data e seneetedpr(egeby the
e
ol reshotd of RebibeC ABARE G STRAL, DRkt coliting how
gzefauelma:mneaprddma@psmsummmmmbmge retegtnesy 8se Efvah, 1981,
st .n ' 25 al The. nunbey ences
et oo 5 S0 A o pRistd hatein by AEeBRoE o RS iogs it ocour often
YORBhst e ﬁﬁ)guﬁw}';ﬁ%vnayt B8 Bhahd Wit on of the

quality of the initial alignment; the actual sequence

r egl ons wi thirtherrhers e m@qhgnmqs preogss wey aisd e aedarmadn This
correc nce w.th _all other

Fcainey BT bR eainE GG RO RERihe wRiseud] Fefurany tabts

RofegRdingas thd predictdll Ssbotatets @RAaN&SForh REGRENERNcré&hing

t he t%y) pe of 30 biopol yner sequences in the alignnent.

PROGEsHi @) skbiseting he acthe frequgnayeablas i9i apialjgasent identifying

??géé@@@?g?z% 1;|) foe fet n?e Jn@allg@%éu&g% gnc( %néa g{%d%gqé%ﬂge regions

29; Mg Poadd QﬂYﬁrbﬁbcﬁﬁg' tHdSoﬁﬁﬁl?gﬁa Qé&pfncofiRng &dthe 1ipgment

search ogram such as BLASTTM (Al tschul et _al

RGRgeEs k&% di to ghtain seqicReRYigmeat datagThe miszligipentarespss may
i

A e R ok el s BRNER3R A given

mlignipentd The inember af sequdntesridintidied ap mlsiaﬂugne(b(em: malaeont thehe total

SR P e u P S Hatioh 8 iy 87 e utiRkeligmment e

ragfunBdeqhiraR rs@6kd Wighis didRe Sécftiéﬂ@lis‘i‘nay&d&ﬁ a¥eab #Pneed of
However, as a general rule, if subsequent cal cul ation
@prrgcp{@npgpr ageerdapce with all other processes of the present invention, the

misalignment process identifies misaligned sequences independent of the type of
biopolymer sequences in the alignment.
In a preferred embodiment, given a biopolymer sequence(s), sequence

alignment data (1 in Fig. 1), e.g., a set of related sequences, are identified and
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| ogP threshold is less than PM N or if subsequent
calculation of the paraneter V threshold is | ess than

wo/RdoMo21sen t he data set is insufficiently snmaPCT/ESZIOL030656

insufficiently diverse. PMN and VM N are enpirical
paraneters whose default 10 values are PM N=2 (range:
.5-5); VMLN=0.4 (range: .1-3). It is generally useful
bltained esing hyseash progyars euphens BIASE™H@dstinllef alviNtrlanAcids

| b ly th i
RS BB} S e R0 BB e
L%&&%& thaB8duIdbY RlcA8ASEL af s%@&@deﬂgg uﬁgrfeamﬁmys@dﬂf@cun to

sequence of Iinterest is used wever , t he nore
detomnise aw@isqua@és strathgy wsteelyitigf Shieyel is ane theigedks te o

l.ign them rret hod
A Fieg it 20 80 PaOPAUD oA s gy B ppg sapgard
Sional vARRO Hdvel ¥ la ﬁ&@[truléVfﬂ suBsequeht ¢alddtion of the parameter -
[ ncor por at ed herein I{I reference. The follow ng

bxgPdbreshalé n%ES@@n@PM il Geibpeguent calculationed &lgspa@%%{?fe\[
TN e

mgfﬁdlédﬂﬂqdivdrﬁb fB’fM/IN aiddl VMaNK asd dsmplhualqmrzmn@telfs wvlmtse dﬂffault

and are_thus preferre c). a

Ié@@@%ﬁ?%ﬁ%— a1y éb?)yVﬁ%ﬁ gbﬂ él%%m:i gitﬁ §Faily Shefll to
g?ﬁﬁ %3 ﬁﬁéﬂc@ as 1#(%51@1_% Fhaf Eﬁ%}sﬁmﬁ%eﬁh sml@?@he

|otec 7-457- 461 for nore details on
saqpﬁnﬁmaa bbg'aﬂ‘emb a)laﬂﬁhbﬂe apdprethosssegnenceh ebrefdran g

EJSI 4 % dgx{e} {]srertegftél?%tpg ﬁgn R%%%}Ectfg 3? %éggglf%lég oMnterest is used.
Bo9RVEZ aitd ABre MPerselthd 3edubBRE) the niteOBFAE@E B %djﬁfe&b rah@mhem
reference), resulting in 25 a sequence al i gnment

tAligament wetheds andithe “cherop)r enflerlgiag iaere ard revishad adetail B}é Bhillips

ro B0 el PolRakER L5 oo kich iRtk RaGhtABggdios. The
FOWWIng fdyite. coﬁmdbﬂéd tgblﬁ:rzh)guﬁiehﬁés a)ad;eqaamae preater than 25
al i gnnent of Fig nunber s desi nate di fferent

shyaeipsds lansth @ramfaqred bb BRAENIR SIGas L/ oPRE-HISE PROUER(
?@e?l’tl{ 88%adsP 11??112 ?@Hf\’%“sﬁnllﬁ%ﬁg&gwg ah@ fiflcBonLand>R8 YRR Peeferred;

resent’s sequence o nterest; Sequences
2) Bligmponesemhpased afzedO%@qlpe acgsecfetuhty DavidedbSenRodt; pred

Pattatpiaiaretineol SH 3 BN ab AT Gt Onincichenis b7

' R Ra8&ces MéaRdd Mgned
SEPAFSAZR s AL ) 1 gl B i it

mﬂlglszewr@gamch tasaCb@SL.Féédx%mempsgn ebdl, FEgpean Molecular

t . .
S0 R i TR oot AR Bl
laSedi@mde hRgEn &R MY ﬂusbéhgﬁﬁh%ﬂte K dlfféiraﬁ sefjitdice Qrmadeatm éaoal TOW;
mat chi ng process (step in Fi per f or med

feat! eUBEIN ACHTPSENTSGE dlﬁféé‘ﬂﬁt RASEiop. %ﬁn@pﬁ@tw% HEAUPRGE fligaRopt step
SORIEL PP B AR ARIR b2
exhibest des@nhtestiffatntadeuenosssink | capizal bettercdasignatet the digferent
positions in a sequence. As shown in Fig. 2, Sequence 1 represents the sequence of
interest; Sequences 2-8 represent related sequences that have been aligned with one
another. Again referring to Fig. 2, nonsense random characters have been used in the

sequences to emphasize the universality of the present invention, denoting its ability
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of positions. Thus, by way of exanple only, in an
al ignnent that has only the 4 positions, A B, C and

w002 Bhausti ve |i st woul d be the conbi nati oPCT/BESI902/030656

AxC, AxD, BxC, BxD, and CxD. Note that for even the
smal | alignrrent in Fig. 2, there are 10 378 possible

conbi n ons.. Frequency tables (step. ' are
ttﬂg% f@&V'&@pwm%mclumg,ba%n%}mﬁq%@ugw&@n,t%ﬁ%and DNA

alga&j;” ai r-wi se conbi nation on
fsﬁf&}lgénsl 8t ccor@?%bc’%tggﬁe}‘%og fol | ow ng net hodol ogy:

First, a glﬂeralngaimleaf is rmdnmnsm&rmyéayeShedd{ dihenh, e combinatorial
solel.y by the diversity of characte apear at
il ise i o i) Bperinnriisdanov i & 4ok B possibl
GRIRicAGES Akl theA®E g@hérﬁt%ﬂ S paiiay eﬁPﬁ&Etldn@ V&lﬁpalf bth&f positions

position is given it own row,  each f erent
dn@rrwmantlw),trmltmm ef&b@lStIVQ)hS’floi aly lpossmble swayneombinations
har act.ers_ar
2 piTHonsy B, By SrafFotdShemoftanb A SENEER AL frabb oy therde
&pbmtiahs fAI &) a6y D, ah kLhausiined1ist RRGRICHAhS cOMBinaBEAURKS YAXC,
a pear in that position. In this regard, the present

A% Co Al anfl CE}. ¥ate thebior ovanche paelhslignmentgn Fiechi there are
%r’;g §9slﬂi8'c8ﬂ%in§ 18%561 ] 1991, CABICS, 7:347-352) that
pre cha

eterm ne racters should appear as a row

or col um. P&tphnc)y etk €step Had Fignl uratdea ciditedsdyabBowE: An
t he 1t&bl e. qihe nynbers (al so known_as counts)
e Braueney bfectrited 7 go WY R FPATANISE copbmafige An this list,

q@&ﬁ& HF '@@%e%ll@wﬁi rfﬁétﬁo&cﬁd) éyy rRft 4 ?ﬁ'eﬂ S4B1E° Q&R s %%C h

char acter - conbi nat’i on t hosé posi ti ons.
tdetsrrained eolsbduetﬂnc dl‘wlrsl‘glmfeharaq:tnrs Fhay ap@ar phthedwd lpa‘sltlons found

f.requency. 25 t tion. IxS is sh in Fig. . .
A BGRNeg BaPiinfon ol eonieicn i B apsigon s eiven s
| ol rb @t E4uh, diffBiefit dhakdcter\th 8R sEQIHRIpRSkibA M é’i%‘n Itk §Wn colu:mn In
foll owm ng possi bl e character conbinations: it-g,i

flpis pranney nqrpharg(ctgrs age gyer gsspmed( tojgxistgt 8 position. Eo ,be 1ncluded on
t invent
e detyel uucticliic Ruch o Sl EREIY pRUEIA i positon. 1n
chis rdgard;ih B}R: mesbnﬂmwem i3 a;quﬂm Iﬁ@l;ht @tﬂeﬂrlﬁé’gm(m (&£ 00kiasd
{ho t ire Sl.cochem Ca escrlptors or

&@%ﬁ%%z f 98’% rrPrr@? 5 7303520 (b pescdqteriag Patchagagteps should
R g

Db B PG .S%P@%éﬁ%%ﬁ&@ﬁ fs UELRBE Ut B e
§l§mndf the hﬂ@nﬂ)@rs\@sﬁ G040 27 Bty Eiat tﬂSZBé) Bélﬁﬁﬁaﬁﬁequency table are
U5 SRR Lo S o5 SRS s o

itHbEE Bld POiAIBNS. FRP el abok & BagRERE! aﬁgﬁmkﬁlqw iget BRARwdaDBEquency
are based on using biases and/of rules. Freéquency

fabig @f,pﬁwomﬁeﬁﬂswbowmm&aj in the fol | ow ng nmanner :

donot P no. & FgAnILEB SeaaEie fuo REbT syt A i
elisedondtiiedion\as ot fHYWHE gosdible WREaktyr QIrhBthfadns nﬂ-g?iﬂ)dv, -,
rn(—)a\é\:s x-ogt X-W, X-p, X-T, 0-g, 8-w, 8-p, 8-, s-g, s-w, s-p, s-T. The present invention
differs from other methods in this regard because it can handle and may use
unweighted data (in contrast to methods that require physicochemical descriptors or
mafrixes of similarity, as reviewed in Pollock, 1997, Protein Engineering 10:647-657,

where the resultant table is not explicitly rendered, but instead only the sum of the
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colums that have a sumof zero. Then, any table
containing either a row or columm dinension of 1 or

wO e®s/ozmyo be el i m nated and not scored or anal BZEUS2002/030656

further. Finally, if the nunber of counts in the

actual frequency table is |less than GCUT percent of

the 10 total nunber of sequences, the actual frequency
vedbgtgedraymipaes is|caleutatade)dinaome embodingamt e renresents| a/pasef at which
further..This may qccur.it a position h a
Shepritonk y onicuigy et from spiQR g R el Ui gtgBased on
82 Widsey A& riRs50 and whose range may be (0-99).

These alterations may be necessary for |ogical .

conput at i okatquencyl ighies aay theohd svgluated i e folleyinggnanner: any

rocess; s .then rfo s foll ;. ea
Rer SR i dEral HgRIEhs By BiSineir GomidBugiygne
fsy@BUENQYis bHBleitdl whikitl nibe ffleaied OF climinatingiahftowaibt
uu, = (I% n where 4Zj (which is _an approximation of
gejupnséhat hagspBEn o Zfpe dHERCRY Sble oMIFBINESTHF 3 Foy oT column
@%gﬁsﬁ%ﬂ@ﬁ dr 1645 rﬁlﬁﬁbeﬁé{l:}ﬁfﬁﬁﬁg 3{1& ggl{’s%&‘\e}i ok %Hz\kl}?%e,dnf#it}lég fnally,

count's; ot'a I'sinro
tiHtha muoibece] dogntis in thel agtnal frequsaey tbleds idss thHb@IB UApercent of the

VL B o S EncrR il G R AT BiES e ahds
GBbred of Mdly¥Rd Exes ! Bils hla9WeanaYa beich 10k sy dapehefabesh.

enbodi ment” 25 of Shevek contain the val ues expected
KECETys fryempinidamacinagterswiiosealefanitivaigtis 5S¢ ambwhesatesge may be

SEDS RBIERA B P S SRR b

fse@aency table for position IxSis shown in Fig. 9b
and Exanple 1 herein. Every actual fretleuency table is
t hen conparldg seeying rroeess iseppReioEed 3p follayese eagdh of the actual

T3 RS 08 L beBRH el pay By Mlying equation
(I1) given a table gonposed of | x J cells, ny is the
value of thg eefjl 4n™ oW i, colum i and u;~ is the
expected freuenty of gt he’ cell in rcgv?/ i, colum j. The
expected frequency uy is estinmated according to eq.

(1) above. (Agresti, 1996, An 5 Introduction to

%E ggo{ Ingglrvxbhg?% ?ye@ﬂ]?(h’yl% R ’apWog(ﬁXatiohl%\P’u;S% lén Bxlg)e%ted frequency of
cells in row 7 and column j of the expected frequency table; » = sum of all counts; #;+

= total of cells in row i, n4; = total of cells in column j.(See Agresti, 1996, An
introduction to Categorical Data Analysis, Wiley, New York., p16-34, incorporated
herein by reference).

The cells in the expected-frequency table of the preferred embodiment
of Shevek contain the values expected purely by random chance (i.e. without
constraints), given the characters found in the corresponding actual frequency table.
For our example, the expected frequency table for position IxS is shown in Fig. 9b
and Example 1 herein.

Every actual frequency table is then compared to its corresponding

expected frequency table by applying equation II:
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herein by reference). A x2 score for each frequency
table is the result of equation Il. By mathematical

WO 200a2 780 on, X2 scores are symmetric but not Bei/U82002/§30656

scal ed. The x2 score is a neasure of the anpunt of
devi ati on between an actual and expected 10 frequency
table. This score will therefore later be used to

det er m ne whet hx (ng—m@b" this interaction actually

exi sts. Fortthe ra—ny—e—agt ual -frequ@Epcy table 301 in

Fig. 3a, the possibte interaction between positions

I XS has a x2 score of 24. noted earlier, a )

mul titude &W%‘Pﬁﬁ@%@?%@ L¥ & cellsany wiihevalyoof i cell in row
M S, Rt hSGH i3G5
T S A L e
&xpeqigd BequeBcyun;eisicstinsatyd acrording tche. 4l) abovap PA gresti,i1996, An

RSP L ekt 8o S5 Goore

Gepdieby Sefdrefi€)r € may al so be cal cul ated for every
possi b?,e pai r;w se conbi nation, according to equation

11: V- ' -Az’ gcore for pagh fragviengy teble igthe yelt ofieqeaticaril. By
actual fr ency table, conposed of, | x J cells: x2 i
Bt @ha R E R o 8 s%irs SERRIeE pitnonTETRL s the o
REGYE 04 BleYsifebf A8 BmblntC«FURYa88n betweet 8n hdigal '&Hﬁtéﬁéec d
rows; Jis the nunber of colums; and mn (X Y) 1s a
fiipquencyrtalipi Brs sceraiwikthetebor daterbeafsed tredtenmine whetber or not

02t R SORRRLRRy SxPRrdr b SR rotR Doy SBR A T i 30
Flid pseibtinfeddefiont bewebn pOLiNOHsAKS haig hEddrdyf 28T £E BREE barlier, a

25 By mat henmatical fornulation, these V scores are
wﬂﬂ%‘dﬁ o€ segmilg methods ard avagable &xf, CHVIhAEh, @c,amd definitiamdof

tc . I ke t,h 2 t ire b t
O s 1 T AL i PSS o
pravignsy 4l thinebdhlscaiptied i ¥kAaa@OH 1R 2eftBsent invention.

PCT/ US2002/ 030656 to conpare all possible pair-w se
i nt er act i ordxccondingde g prefrsird emboriernt afithe puesentgnventionsa

TEhEPIVSLAeinidy fiso He cfu?alt!ac?if’%r %gefg%%gﬁiﬂg?. iy 21?6 gombipation,

Screeni ng process o e prererre
peasding to equation &ix. This process begins with a
standardi zati on 5 proce ' dardi zes all

scores which are npt _un forniy?®doal ed. First, eﬁl@ﬁ
and every actual frequ Ne(t abl g i;s_y ed as inp }o
calculate its degrees of freedom (DF), according to
equation IV. DF =(1-1)(J-1), (1V) where,l and J. .

L6 22 afal Been ey AForamased pie L wdisells 70 Agiesttitistie dofined by
An

equation I # is as previously defined in equation I; 7 is the number of rows; Jis the

number of columns; and min (X, ¥) is a function which returns the lower of the two
values being compared, X and Y. (Cramer, 1946, Mathematical Methods of Statistics,
Princeton University Press, Princeton p416-452, incorporated herein by reference).

By mathematical formulation, these V scores are symmetric and
uniformly scaled (between 0 and 1), and thus unlike the ¥* score, may not require

subsequent standardization. These V scores will later be used, along with the P scores,
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10 introduction to Categorical Data Analysis, WIey,
New Yor k pl6-34, incorporated herein by reference).

wORo4m2Em4measure of the variability in a tabl epCVOE®02/030656

paranmeter will be wused subsequently to nmake further

calculations; it is also another score for this actual

frequency table (and thus, technically another score

F%Fq%‘ﬂ@e ﬁHuPPSW@@aEw i pcsiong No etheiguv wadodyvaeke use of
r{gaslgg epresents). To summarize, at this point,

?%?Ség\%ry g%ggl bl e pair-w se conbi nation of

posi ti ons, Tw fallowiak dbsceihuethescrcdiing palrkss ofahe preferiied

Fpedie é&%arga%gu%vem@g@aigﬁo%%sﬁw%ﬁ{ A Yemdaedization
9}J&am(ea§fhlcwskdndﬁldize%@&%%é%kﬂ a0 LAtES, aly sealed. First, each
be under st oo ?1 ? fbr

i nf or mat i on thus, 1t should
aad é@@‘l&’laﬂuﬁ @W@HW table infised as anpue suddi@ilata its Hegrees of freedom
ot her linked data. For exanple,

atlon of. all,.
gﬁff %or mgw%eq%aft Pttt at i on, when the characteristics

of EF tabI es are useQ)th(paqga@pr_w@e t hese EF mbl es,
this will result in a categorlzatlon of all the ot her

i nked da abl.e AxB i

cat egory 1%65 nar{%‘r‘{ereﬁrgﬁ ; AI@S%P%‘E“EW%%% é&grpﬁé 1896, An
il duction tob&ii’t Mz’@zl RS amiTsis, Wildy Rewa ok 18- Qﬁrfc@iéporated
AxB are al | aced 25 in category 1. Al possi

gqe}n Ry xedere inations are then classified into two

cat egori es;HiNary ']ﬂ%ast?ﬁ ds ﬁfée\/[aﬁgbﬂ%‘;mo i Bfég’ggopgﬁfneeger will be

characterlstlcs corres
Esclhsubsajuentty 4 ﬂa_ﬂietfahh&r chRuRriahy 1166 also agdether FoReMr tHis actual

R4 TR (g i, Bakdralbrstatiesccors o thopacnisecampirtion of

Slﬁ@%ltﬁatl}%@tmgy@%rés@ﬁ@ than MN. 30 WD 2004/ 027540
CT/ US2002/ 030656 he paraneters PCT, EXT, and MN,

(knovvn col lTecsummrye avgtlnhpmm;ﬁveamrﬁmssﬁbta p]lnS\)Jlsabembmation
[ b , Whi ch It bl b

SE Rt L oS BB S Bl SEEPLE Y

doodd; a-¥adore| aﬁhdthle h@ﬁ@ﬁe%ﬁrg%geraﬁﬁ?ﬂ%sgﬁ%cﬁré ﬂg%'& (tgaéd?l%tﬁer (as

val ues are: Range:
wilball w@)equemlm geneyated {rHomaption))-this, itlshowddtbk understoad that

GRG0 AP B8P LGP i . o

e;mrﬂs,ﬂmn dst b}sw@' eSlhitdtRA, When SRCASAEMINKSBRIEF thfles are used
either (a is false, then the pair-w se

©REREET Brise 51(*" Fblesnthis widk restit inagosotirationsiatighe ether linked
&At§5§| fif%i: conti nue
e, B PPt B oy P 18 PR brin

AchﬁﬂssAF fabte fov AKB, the$(§ k&re ffroAAB, iind €hDFFbNALB Ofte Qfl placed
ip05|t|onf, a x2-distribution is
n category

All possible pair-wise combinations are then classified into two
categories, Normal and Sparse, according to the characteristics of their corresponding
EF tables. Each and every EF table is analyzed to determined if:

(a) more than PCT percent of cells in the EF table have values
greater than EXT; and

no cell in the EF table has a value less than MIN.
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cal cul ated. These distributions may be cal cul at ed
differently depending on the category to which the

w@aion/dsse conbi nati on bel ongs. These x2 freque@iys2002/030656

di stributions describe the "scale" of each x2 score,

and are necessary for uniform scaling. 15 For each

and every i r-wi se conbination in category Nornal:

The x2- di @’Fipa{ﬁm%?rs P& Trbefdh ard WdNn ghoodietollgetively asithe
= « . er

Cochigh ConiRtons) irb Shupfricaty SetGeminb buiiBels, Whigteare UREER by

feypatmatiatem. Qeelvehen (] 954 XBionsetees dé17-45 1.0 thbereferred

SR 40T N B S TP SEEASo -  ge
¥BL 1N & 1.0/ 442d50-85. 1866th bggifgéﬁ%lggﬁ% {%12 Gh® g)l) above are met,

Uni versity Press, Princeton, or porate
iesnehe paiy-Wisst eomehination towiidhribatER tableccormpmmdeis classified as

' S| in.a probability.based x2-. . .
GEr AT 1F S0 D ok Bl Bl Bttt i Bt v which
dretl ERGib1e beitespands iictdssiBh astdatogosOpisd. N Fig. 4.
Referring to Fig. 4, the x2 distribution is nodel ed

accor di ng tNFXhH0 eeffie 9n with the stapdardization naytien offe screening
L Qd et £at eqar i | ysis, Wiey . New
e e S O bR A B A b Righs X Eliibude
calniditedt Tiosse distidtattiogo myy Sp aslsslated ieffarent] il gieniling bh R

i s nodel ed, according to nethods as reviewed in

Egpenayito wajchthe prg-giise aombinption pelpags. IBwsq 1 98uenesnd
i bed i n, Ratef i.el ljed Statistics.,
A e Sl B ssas P BB ae S Forgiprn
J

acalinggeht a and Patel , Am Stat. Assoc. 78:427-434
(1993), all incorporated herein by reference.
Gener al | y, Feheachaid gvery pairuvise eambihationfingatsgorydNaraial: The x*-
d to generate a nunerous
g%?ﬁ)gl? Bft;g Iﬁié@leé%ﬂg?‘ﬁégoer?y?AF table has its own
nunmerous set of tables; these t&hleseare generated
such that the 5 cokbnts_ d iGh?t herh are randorﬂes/
assi gned, but that' Phe row andorco B totals foutd in
themare identical to the rovw &nd €6lumm totals found
in the AF table under consideratiof.) A x2 value for
each of these randomtables is then calculated, in the

same nmannewhas Rigpesseiie thelpedtiabit; davadyl 8 eh DF, asThemsRch of
.set. of x2 nunbers - this set is a

result is g : . _ _
28 Erérév % A% e o the egyatiopnthe jonlysinunatipe spreifisdo the
pdiRkideQombination is DF. (Cramer, 1946, Mathematical Methods of Statistics,

Princeton University Press, Princeton, p416-452, incorporated herein by reference).

Solving P for a range of different Q, results in a probability based ¥
distribution. Examples of such modeled distributions, and how they vary with DF, are
shown in Fig. 4. Referring to Fig. 4, the y* distribution is modeled according to
equation V. See Agresti, 1996, An Introduction to Categorical Data Analysis, Wiley,
New York, page 29.

For each and every pair-wise combination in category Sparse: The x>
distribution is modeled according to methods as reviewed in Agresti, Statistical

Science 7:131-153 (1992), and further described in Patefield, Applied Statistics 30:91-
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10 i nmpl enent ati on purposes, two factors are worthy of
note: first, the pseudo-random nunber generator used

wo eoogerrseat e t he random nunbers for these tabl BGT/DERD2/030656

be sufficiently effective such that its cycle does
not repeat; second, this step represents a
(I\:%rr(ﬁut atiqnal, bottleneck for the preferred enbodi nent.

8¢l ang Melia and Pash, drbme det dfsosi 1814€6A31 0P ieBn of
t; t
SEoRREIOL B RSAEL OBl SOOI IO 0
t frayushayr (Ad) itabre freased® generatesa muméi‘oss:mt eﬁtablfsc(amus &ftery AF

b WSV e A Tt oo e PR e
NRLE T&iddGakhdve &&%ﬁd&ﬁly@sﬁgﬁeﬁt bL?cSthat E’ﬁé %%Mcolum n fotals found

Uni versity Press, Princéton 2, 1 ncorporate
hHe rﬂeqnn angyderném@lrte leseto Vel cfod,umm t;fcals fmlndonﬁlﬁM tabheatnder
hod esc

“888ab 8ot RS o e bR Faddiiihibe i GRR cfibwiid in the

S oSN R B 8 AN CLES5 s

ah@ s6t.i2a mqae@gmsadn)&edlmbamm Iﬂshoeldlbeblpterdethmbﬂ ce.
ﬁ?‘?”"% the area under thecﬁélZ dj stri bution, to the
GHALORSUTHOSES, GEA HARTS B WHEYRiers; Sgstxthe psgide-random
i
kit ESNChG (3o ROBIRE L MBI S Sr B AL it be
waffrmmﬂy@ffecf@munhttharb s cydle dedsembrepeBparcond dbisctapiragresents a

sgribed in Agrest. i cal
OB PR EGB gte BabRfinint Pl o ien
Shl?ldn‘fdnta@ﬁn 3Ai10dondilefalidB bF thesd M6IBFPAE adadfly RRA oMLy known
erence. P scores may be cal cul ated, for exanple,

dathoseekibgd inghg awof pomputar proatanusingg Exact Statistical
met hods, ct bi t i cal, 30 _net hods
as mont e carh: o%é?%unﬁ%no%%&% BrSPE FEQEgSdR cartied oRtH6F pait-

Gﬁ@@éc&hﬁlﬁatldnb én BategRy Nobmalk aca@ﬁmg&o\ﬂ@é 8ol WesHrive® iPCramer,
%her than the observed x2 score occur in the

dSre-ddphenien! Mrimdsiof rgﬁiﬁlﬁl@nP’éﬁ@tQIhUmVé@ltY?ﬁ%ﬁa Rrincetpn
'g%ﬁ hen idi %% GSE%I%‘F 5}2% o Rhcd] efo@%xlfﬁgt (ﬁoglgpﬂtggoﬁgﬁc%de for

US2002 ues
xRis diegtadiib descobed inPresstet aby 1988plO0UsNumertidvd Revipbein ©fThe art of

SRR Fomerion et Undenty e faryiivgroam) Section 144£p1a.4
BN RI6BE seBtibns (G168, 2t&1§122ﬁuﬂp&§oﬁfedtlﬁzpélﬁ $ Qéfeﬁn@é‘l(ﬁéﬁerally, the

gener at ed det erm nes I sion of e P score
desomidbettie (distpitagion, to]tﬁ@ﬁght‘ﬁfehajsmrdama;pdéiytthe olbsier\&d&

.l be ob t
RESF 8 pirn BRI ls o ot Ptk coBibirat@on. ehasen 1.
not gr eat erThid@dhstdatian ﬁrcaﬁfédfdﬁ't Qé Rflowk IepAiivaehol d

val ue, then no predictions will be nade and t he user
membma*émmntcﬁ@gglfyo%yam ageordingrte ateenetpo@&:dmmed in Agresti,

SGIBHY 8521 a5 BB ROt SR o
dndogeinated hprerciesference. P scores may be calculated, for example, but not by

way of limitation, using Exact Statistical methods, Estimated-exact Statistical

methods, such as monte carlo simulation of a distribution. Generally, the number of
times > values equal to or higher than the observed x* score occur in the

corresponding x-distribution are tallied. That tally is then divided by the total number
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10 To review, x2 frequency distributions have been
utilized to uniformy scale x2 scores; these

wa@rioho2Tsky scal ed scores are called P scores. ByI/US2002/030656

mat hemati cal formulation, (i.e. obvious and apparent

to those skilled in the art) P scores are wuniformy

scahked angJ s{inmetrgc. These P scores, along with the
ug

d ivalyss I &f wiptrigntignor which gpyresppadsdp thenyglber of o

- . IR e
AR bl b 8RR ReE AR bt AL RLORI RO codlR hat
fpaorwise banbikatbon (Tt totd aumbecafitasiendridihalyusedenited determines

i forn | ed, tr . Ih t _
thomrerioh Osfg@_chﬁﬁ’r% 3 §oXcFIapA Fofgresral 9% A dpimay lte this
TR 8n hhrahetd; HowalLioUs thﬁﬁéeommﬁé r% uts%sﬁglredlglrl] (t)l\l/aqart, if the

Subsequent |y conpar ed to one anot
psediels clbsemisnoti gweter hantthelates ealcahted niokBtieyhid ahlael, then no

S tric.score e.qg. the tual I nformation, aoften .
SRR G4 S8 mane i Higisp mil s e prpE L & iFgPaerigion. A
e Falulpidcsi G 6t Saocid A1 535 S e RRAY). IhRRVLENESs th¥istalddiation
x2 statistic); they also do not provide any additiona
PAFI0f hescrpningpropgsa after this point (limting

t hensel ves Lapl e reen di scussed above .

oo aut ol ieToWR R FRELGEY oy uions RIS g pnitormaty
24416 7B&ofeE Obese iifouBy Rhled kBaYRS hie@alldtP Q8. By misfbhstical
scores and their subsequent analysis, is thus unique

formuions Eseshviousandtapparent2s tladse shillad iraitia ptthPisoores are

| O effects,0of such error squrces as
Lo S AL A Bt e P dfsnalpe BibE SRty casplated
atlsbiokdspwill latee b LEEEB comPURIHLI 188 p6RRTe Fat-widcRbibifatRhs. As
I, mpose, arbitrary, absolute thresholds. To summari ze,
ilfgﬁ?*}‘iﬁ‘él hoge.dhe pys@HHERHemdifers grralypiren ether knownmetmds
: ' [ i [ IO i.tions
SRy B o RS LM S0, SpRE B B0 breff i RS

ac@udieglyytrag&Bym¢ alb iy scoesiBtoSt Soles that BRIl aflow these numbers to be
x2-distribution, P score, and a V score have thus far

BERsRItrEH carReed Seongsnadiy Qbvsmyvwonsthedndongateaibe the use
SISO IABG L P I g

dtophioes statietidisart internty esifoinay stwsd abeé sitreamany prlopekties

NO hey kn nmet hods i nclude such an analysis. In

W&qﬁ? &f %?WS_%Q Rl G Pé?‘{l&%@lypqdég@ﬁﬁl HLQfdhe data after

tié ﬁoiﬁﬂ@iﬂﬁiag%h@ﬁﬂéelb@s REEAPR!sE2BRI 28 'séxﬂké@%v?seéa@qtell et
bed in d I y statistics

is descri il in any infroductor

et ai

BbolOIZulIcleis Akl Fesavech, PAST 85457195 .Akheatse ofisgmmetric, uniformly
t orary..Statjstical t.hads, Duxbury_Press, . .

HAN R A e 2908  gmalVrindo hiys Rdt 4 el invention,

51edveine A8 Mttionlth fsd deldtBous @@cRlof |

t ak e_n? dg)n oioél d -1 ogeP. _ Selgond,C toh gjlldrlrlee(%og%&%?&t %steg]]lecl)l 5?5

sedention apd gvalniéonssarelgiiopshiph elnadditiony the prasentdavation deek not

' | S8 er such that 50% of
%‘%%gfr%# Js?%p(? Eggll bgt?aér%a%)gglut%tgﬁesgéiggqual to this nunber
and 50% of T bemmarizesn dfegrefgtiad etBodifent of the present invention,
for every possible pair-wise combination of positions, an actual frequency (AF) table,
an estimated frequency (EF) table, a X2 score, a DF, a x2~distribution, P score, and a V

score have thus far been generated.
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greater than this nunber. Quartile (i.e. 4 sections)
values are then determ ned for both -logP and V

w@ewnes7s4d he 1st quartile value (I QV) is the PCIDS2002/030656

such that 25% of the scores are less than or equal to
this nunber, and 75% of the scores are equal to or

5 The. nuntie Bk Aoietrbisypigrare) (e ressieayossis magsén be
tpeafarREd, Seticd sﬁ&lﬁaﬁé&smn t éjP %ﬁa/"vogcofegﬁha% SN EBeen

are equal to or r eat nunber
geloplatesh o Qﬂﬂertkh@WB mebtlzony lncﬂudmﬁmah i bealysid. (e thel mefeneﬂm

uarti.le ran is a re
APl T B0 o Qi aneliie gy her R oGS s
qadd Bides@ided ThdiSail inh@rydhSdBRERy Stalith8BoSIE Ach o 2thoimams
k}ggy de the cluster of scores (to higher val ues) can’

frdagadudionyo Cawerparsay S@ﬁwm@qu sledm_rs F’ma Baston
. t .
@1 WY, H35268 HIP%}I%%&F%H%}H llylere¥¢:§,eﬁ"c§I%'dfA ! :lggsgf :ﬁ P VQI%CS is

I's chosen

cuaam; dzhoRdMdgP. Sevdnd/- twmmlaiﬁrwﬂfbeii@gﬂ dcoté@'aﬁ@ﬁlefrﬁédlan of the V
P- MULT i the default value fo

VEREILAECi déteimweé (R&P}?fa% theong;lan U isHrnsthst sechrtbat 50% ofjihe

b
g%\ﬁf/?%/e)tr%?_&{s %(nggr% @W{%ﬁ? 58% Qliltfr?egg o;r%g C?,?éc' %Ecwr
graagRthar-tyismuniber. Qula;mle e Hae@igdipyalaksnpd then HberBmdd for both
oAb Bhd % B ie® Rl chite vilfe 08 R S Sl suctont 576 of the
seored 28 1635 ehadlod eﬁaﬂﬂl ) thh@n&%éﬂ Canld0759% BEhY sSred Seve al tp or

|Q?§V) denotes t for the V scores. Scores
greates i this gugber; $o -’gdélamélﬂe vﬁmm(iQ%he thehmuasteo buth t(laWdS% of

t sub t entitled RS,
PlisohsB A2 o500 s DS, sl &% SRt o
PEHeU8RA0R (ﬁaﬁhﬁaﬁ ThEdﬁ‘ferénc& B@Wﬁa 3r&@n& Y& RhRI1S 66L& is known as
Referring to Fig. two sets of scores

i stributions.
&Pémiefcl“l?r‘étfl? rangg (A e)hal%qwlé 3| TRRASHICHH dﬁpeltsm pRSGiodall scores fall
ﬁ/‘t’lﬂ(ﬁfﬂ thb 8QR, 6ﬂeﬁrﬁt%rﬁ had tﬁé)dlstggi)eé gln %%ﬂls H cffégéa cluster

@, referred to herei’n as
ofseoradi(tot kigloas Vbhbmn bBeandedhy tis Iﬁinﬂﬁr bATQR edrp@s thadore is

Ra poriahe Bl et viie A BRIRGE oBtheuDBr ks shamn i hevathe logh
#d Vispbres, dendtIRp- M%qtan@aVWETV’ﬂlléJ@e? ﬁﬂa@ﬁﬁg f{){ BT is 2.0

fromthe majority of scores. Fig 50" rates

Rrazadpl ds dafault vast for NeMLHrTesHo(D cRa:hge:eo ). Tk itiestaflds for
tlg% B{de?%g& M}\é%‘t |c Epossesses by show ng that the
i an

oca i on O OL& Sof scores, as well as their
di stribution, can affect t hr eshol d determnm nati on. See

Koopmans, %E Intrgductl on to Contenporary 10
Statisti caloSkThg Nfpy +RRBER) P nand46. 1€V

shoul d be noted there is no a priori reason that these
t hr eshol dsVrilgesholde= 3QWEV) sIQRENTY-MBETEr i bed by a (VII)
limt. However, a limt may be set. The essenti al

where 3QV(p) denotes the 3rd quartile value for the -logP set of scores; IQR(p)
denotes the IQR for the -logP set of scores; 3QV(v) denotes the 3rd quartile value for
the V scores; IQR(v) denotes the IQR for the V scores. Scores which are equal to or
greater than these thresholds (and all linked data) denote a subset that is entitled RS,

for Real/Strong associations.
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mechani stic step is to conpare the scores fromall
possi ble interactions, in order to determ ne

wao booestsha val ues that act as a boundari es bet MeEBTS2002/030656

scores that cluster 15 together (denoting false, weak,
background associ ati ons) and hi gher outlier scores

(denot i ng real trong associ ations The degree of
error in tHhi& %&W&&V?ewl@ﬁ?ﬁiﬁfhm?wma%t%‘?%ﬁ%tPﬁég 5, two
R UNtcRds frakr ﬁﬁfr%& '\xﬁ%l\fﬁe ﬁ)'agtu; f%istﬁe Hféglaaghéﬁrtkle 1 (Q1, referred to

predictions t terin
hﬁwai 41%/1 QV),swattileld @3 irbfietried o herra:hlws 13QViEndibstedisThe!l QROthe

By E PEMegn i #f Ghiel igbicabisngas Shistngtb ompasses 50%
Bﬂfﬂe%bbrey\![rpﬁj S TAL L%ﬂﬁﬁrbf%ﬁ%ﬂg to"ﬂqg' 9] Qccﬁ'emhﬁhedge ﬁﬁlltﬁ)le of IQRs

prelimnary signal/noise analysi's, resulting In
persQ3havarvplues serydiiffgaitrfram the maobinetscares. Figabd also illustrates

Oy A5 B BRI AT R gl boShscs by
slamhg it tHe raedieh Bichtiored 6t 6§ sodfesf & WelVEs thaik Hlsﬁﬁ)&ﬁi%ﬁ can

at have at | east one position in common are pl aced
P e} thusshald Agiarmpingtige. SJse &aopmanndASEdoirediasion e Cantemporary

' t that wthin each
g?ﬂé{ﬁ%%l eertggdr%?ﬂgﬁdrgg{)ersg’sB%#hg a position in conmon
t ohan ot her Itsshonld,be ﬂgtdd thdf]le 11 mclnlla( pﬁkohﬁdzi;}sbﬁ@lﬁdﬁ ﬂlefsélﬂf%%glds must
t her .scor er.the_foll ow ng hypothetica
3? ﬂnplkﬁﬂfear@ et eaé?yadgmﬁ i OVEEVSE; agIE aenyehe sgt: he essential

Qﬁﬁhé}ﬁ‘ﬁfces@e 19%(9@&%15 e tsCored ﬁbﬁl élf‘ﬁo %/1(‘5)1 %Eeﬁ:’tloné %gg c(%%to

the -1og the P 'score, and scor
detouning ﬁﬁd@OPWdluﬁzmm%@H‘Bﬁmthbeﬁm@z Morésﬂ@aﬁ? ch¥stet

B2 6.2 24 3.1 5.1.120 10 .60.6.1 64 7 9
Rgetier Gregatie e wo i kepingd g isdons aing Risdisruthppsgores
{densting @Ak isGbnd ghsediativak). ‘I‘He%@greé Of &:26HIh MRk beMRlaly Asignment
3-10, and 5-10 (because 1-5 and 5-10, share the

¥ detening thnamewthed falseamﬂgwmd afﬁﬂ@le “Begative hradistiohethat may be
A6 larctn Sflovdk, RARTY Msnal ASBEAGT tn et Ray BROSIIR ©

arr-w se ion
?dp[pléhpam thas bmcemﬂﬁ‘lafthﬁfmﬂhﬂhatgfabﬂﬁﬂyﬁs @eﬁﬁ@mna@sﬁs heich as
0 1o cores within each group are
%ﬂgﬁg%ﬁgﬂ?th@m@% tgorFSSrgP 15 score (and its |inked
data) are fRiAl g%@fﬁ%le@édl thﬁ?;ﬁ’@ﬁmﬁ%f n%ﬁraZ/ﬁofﬁQ gﬁhgﬁé ' ifing in a

are elimnated fromthe group
wllnumrs éisterrtalmaltsqa ovmbieatiinsshatidesignddes resk str@ ihteractioss

{@}Z% lﬁ (ﬁg mlaﬂ)%ﬁﬂ‘&)gr reﬁﬁp& IB}O H%ﬁ%{g’% s(f::g gerég t1ngtﬁrl>m chain
ERXTN, RALIIINE: Al Scobdsl tHatMaYE sk B4R BhS PSIEPMR oo RE Blaced in a

t han
common group; because each score is for a pair-wise combination, it follows that

within each group there may be scores without a position in common to another score,
but are linked indirectly through other scores. Consider the following hypothetical RS
list, where the two positions being scored are designated Pos1 and Pos2, V is the V
score, —logP is the -log of the P score, and DF is the DF score.
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35

one pair-w se conbination remains, then V scores for
the remaining pair-w se 20 conbi nati ons are conpar ed,

W@ b@4j2gest V score is retained, all other paPCFubme2/030656

conbi nations are elimnated fromthe group. If nore
than one pair-w se conbination remains in the group
at this juncture, then all are retained because

cal cul ations may have error, it may be useful when
sel ecting Phagl hi ghestposd ogP, t hiegPowest D and

hi ghest V score, to allow for sone error in these

scores. uggest ed grror ganggfor 25 theg best -log P
score |s - gO- wiiihh aﬁfagilt val ue ghy0; for the

| owest DF, an error ang Oof 48[10 2] for gach
di nmensi on a de%a val ue of 9§1 for each

di nensi on; for h| ghes%t n er6r20r range [O 1],
with a default value of 0. In this manner ,

pi nnacl e MERHER CHF, BRCHOMSGIPPICEEBS SFSt 091@81%5@ of gair-wise
(SABRAAGHL1-8 3 1! Sha £9) ekl 81 M6, BRK mdhEIon 5 i

A LPoRe’ WhOS ore Is greater t
6K sndadr16mpd SLEBdhaxeaha itdom Wuns:endncﬁrauthb seaindgm@
150, ang@_\ﬁhose r.an , 361) Thi s concl udes
cARsigEp P AR, §° H’é‘tl% :wi se conbi nations that
remain on te B2 bbsg, tﬁé’rﬁ?ﬁﬂaéﬁ”'i&%lﬁe?bf b@h g%'ﬁ;pidtchosen in the

predictions of the preferred enbodi ment of
foléeng nianuentiogh scdrhsewalfypleadagnoun argf copripasest; ﬁreeldglmsedogP

t t. b the. 3
B e et R R
%[1h111¥a%ﬂ fra_ﬂﬁQhél%ﬁﬁ pOlf Md€&Rn 036 pMEWAE b S remains, then DF
PCT/ US2002/ 030 results are nunerous, includin but

rS@QrGS forritheigmaining palcr@tlwerr&m@peﬁ ar@ﬁon@ﬁ%ﬂdyﬁieéows DF is
gét nﬁ’l (ﬁfl %tﬁru&f%g % @ﬁg%@&ﬁmﬁ% gffgo eﬁ?{éﬂ; :Tfsmore than

e pr e 1 on O m ca
ok palawls@ctﬁnmﬁawmﬁﬁnm;tha’wecmiee for the rdrﬂimlsing paciwise,

or previously in parall el h steps 3-7 i ig..1,. 5
SERBIRHION 3o GRmpaIear R HiEhe \éﬁqor%ea?tégleﬂaa;lp%tgergpaﬂ-wwe
Q‘anfﬁﬁ{gggﬂsoary%hﬁuﬁg%é’d BEmRE! 5808 moACEah ShoPait- QVlﬁgJ‘é’ombmatlon

r boot strappi ng described in Efron,
Beroaes i tha grovpsat 5189515@91;@ |t1mncall|camc sttaidedbecaise cbtsjculatlons may

reference ner b al
beue R el BRI HRAR: Bp HE Loy DEina
fﬁﬁ%ﬁt‘?g&dfett@‘ﬁﬁﬁw BPsbrhdEtrordh GiéSe RIoBEE IS SiFoeksib@ BSordrage for
in Fig. performed. A count of how often the sanme 1

rthfebﬁst:tlpgu §c@r@cﬂ 1[0t 1s5Inwith a dpfasliivelue i 9; fithelowest DF, an error
%P%g i{)(&l'h 05:% ea a{n%nsfag ldISJt) w1t1é§|dg{5|u tXl'aﬂl\%hof g—g qgf gefcho ns

serl

Idilﬁéﬁsimg i1l Iylgl&rsev sleemﬂmﬂ@ of -F0- U iwfith en@efmleahlaé d)ﬁ:(hSInthis
wth | ess val ue. The preferred, enbodi nent

PRaRBEn he RiYeanls BITmRPse @ehgiore esscleserb R g? Effﬁlggnable at this
TP AR SRRSO S b
HEMAXised cagarien pesinetdneviiose dethilgrateats [S0paebwhgse range may
e (5-6361). This concludes the screening process. The pair-wise combinations that
remain on the RS list comprise the initial output predictions of the preferred
embodiment of the present invention.
The application of these predicted interaction results are beyond the

scope of the present invention, but are obvious to the skilled artisan. The uses of these
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sequences can then be elimnated or re-aligned,
resulting in a new sequence alignnent. This allows

WO 20040m84pr esent i nvention to be iterative, PCT/US2002/030656

successi vel y anal yzing sequence data, making
predictions, and then refining the sequence data, and
so on, ultimately preferably resulting in nore

acsolis ate eumesttiscincwdmg but netiuited toestrstise Prdidtionesnatysis of

that becayse this ms ment .o

Bt FREHES R e R AR g B SBEPl A o fengprica
dRPERPRMNical Rratiidhs Hetvde aacRin@sledilésons. The

m sal I ghment process is as follows: for each of the

real, str oﬁ@thlam@uatqr@rﬁquuabfrmma@sl with gieps 3-7 in Flg 1,

%g ﬁl 'n?e%g&ﬁfemepﬁ oq’k&ﬂegorégfng B%ﬁ&{&ﬁe‘fﬁﬁ%#dﬁbﬁperfomed

ine re eX| € correspo
acdoudihg to e mmh)qutfabb@titfa@pmgmswibe@heﬂﬁ‘aﬁ 193¢, B@Ezeti ika,
be glnnlng of the process. Using each of thes tua

éaéﬁeynf%wéedalser@ﬂ yiefornes Ceas i W&S"@éil %t ot the
?lgt)?ie Eiﬁgengg 2121 nl’ﬂ gli%r'%l sﬁ‘gsgt gitsslegﬁ&ceg) ?@fe%gate(ﬁ@(fﬁke.ﬁRand the
-above pibdessa&l@ﬁegs WH(n ﬂ'fug—ll) pcprfqml)edsﬂ cmmgroé haw: oftayi the sanee

fined ptevi ly..i on d_pi .

ST PO Ul DR 0 L 20, Bt B niing
%!re‘ﬁlctloﬁé to be trdker{ ¥t Ribusty; Predidtidoné WhichétRtinfireduerityi are

nd n are as defined preV|oust in equation
@ﬂ@ﬂe§t1ﬁgmﬁwuggﬁﬂnﬁmn$Wﬂhbﬁ&&ﬂﬂ@n to Categorical Data

Anal ysi s,

her ei n by &é"?ﬁ eefﬁ%%%v (hnfcglﬁ Ole(hf %ﬁ%seélig&%fl ?EC?QO%ISCM
tp@é@lh&lOﬁZnéth&&ﬂ@g%f donfyTisiiy Beroceb forfréﬁeWﬁrgCthe frdtihlenligimist and
shown in Fi (note that in Fig the se uen§ hese

peamtifying Ross Y nﬂ@éﬁ%@?ﬁa%e@aefws ﬁhﬁrﬁ@rsgh%fﬁ%% PrQ
%gﬁﬁb?és C%.ﬁ ttﬁe@%@?e&r@éﬁ%&% gllullré:ahfg?é’cﬂ ge\:,véu[r:[bﬁﬁli = deq@énc@n
pépthent! Hhis aldws fuorrthe pﬂesﬂne thveatidnite bederaive, mc@sweld/ anglyzing

t he correspondin ct.ual ble 61. Ln th
SPOrBr e Grlo HEAtionhand 66 e B Sanre gils W0 on
(ltirRately P ty PréRfbly fé@ﬁiluﬁg PABR act@ate prOBBiHsaR %h&ll& @e inbicd
two categories (each AR table having its own

dlawegerrth@és)ecalab |thls: slisadignhe ereagsd n@qulrﬁsﬂhm@ém@né made in the
pl ace

RO AR AT g e

The misalignment process is as follows for each of the real, strong

associations identified at the conclusion of the above screening processes (the refined
RS list), there exists the corresponding actual frequency table that was created at the
beginning of the process.

Using each of these actual frequency tables as input, a corresponding
set of adjusted residual (AR) tables are created. Each AR table is created using
equations VIII, IX and X:

n; — i

-
JaA-p)(1-p,)"

(VII)

where ny, uy are as defined previously in equation IT; and p;+ and p-; are defined as:
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M SALI GNED. The default value ARTHRESH is 1.0, with a
range of (.1-3), and is a suggested, alterable

we@ppisad par amet er based upon statenents nmadeCT/IS2002/030656

Agresti, 1996, An introduction to Categorical Data
Anal ysis, WIley, New York, p 16-34, incorporated
herein by reference. 20 Cells in category GOCD

i dentify charactgr=agniai,nati ons that actually occ(iX)
for the given interaction - tpese conmbi nations will be
used | ater as suggested®+ dl'tefHatives for sequences
that are determned to be msaligned. They al so (0:9)
descri be nolecular interactions that exist in nature

and can bewsRd, ! &, AR ¥ 2R JMRMed SbliBEIY 82BN 1A Agresti,
create an unbi ased “dat abase of nol'ecul ar i nteractions,

1A9@ Ameintreductibn ohCntsgericd Rate Askiysis, Silay, tNeya ¥ orlcal 634,

L n cat %?‘%%l{ M, SAL GNEEii dentify character

oo lri i) EOOYIEIICe} he possibl e result of

m sal i gnment nonfiefitiy EXanl6 of ACARItal16 BD creatdddorh An @aimAl

category M SALIGNED (for each AR table), a search, of

firauanetjipblreel Wishgrmimbig: 8 (rofethapiyfigr $eqUPRREROSKPNS are
a .

U R B B Bl FRAPER 16RBH 2 TRE DL 238 i cach coll of an

PaStabledi2sis a Tikaswed df hewwhichahatalatticalae bels eartribwsd kstheseores

conbi ned table conprised of sequence names, the

FCGAER BN CoSFRRBIE %C&iﬁ%%ﬁ&‘t“?nﬁ @bl earing i n those

sequences, pafd Jher-RPShboARRNIMIRIRIL FOSEh ATRLBEL BE $ic., “less

appear. 38 WO 5)004/ 027540 PCT/ US2002/ 030656 Thi's

tleinl o eipgal 418 thensdadsified tite tWolchtogariey (erwhr'dR table hdwang its own

referred enpodi ment of .the | (WaTgh I

Bu§ snediest AL Sos R Poss tathel o ARLERE S Bpise hbbedmp ertegnry

GOED ana Y11 REld WESKeIYdl@d 3SR THRESHURE lacéRERFkedoty an

errIpl ricall adj ust abl e parameter with a default value

MISALIGRELR T agt value AR TERESIE 5on@iwigh g rangeofid.1-3), and is
¢ oni & : . ; cos .

Y e

S P86, A7 intrpdedtion e CpgigbBcal([B)a AnelypssWileyNgyaiYiosk, ail 6-34,

whi ch these . sequences are msaligned are then used to

inferorsted hereindy elEPSAdi ng previously cal cul ated AR

table. As wag g‘f(‘:yteeggr}bGUU]? idegﬂf & gfa\étemﬁﬁﬁﬁﬁscﬁlﬁtracwaﬂy

combi nat i ons enote ‘'suggest e ernative
oocthrifoiathe given frderatthet — thegd comluihatidee wiil dalusefhlater as suggested

ARGV Teacem et B P CEOmBTRAL] e e Thiy B Garetoe

fAEBuRR Shitia¥BordsAh AR inVighturd GR@ LA KE 8 t @ hndl 18
alternatives. Thus final l(%t’ﬁbf or each identified

ﬁir@@}ﬂ!eg ﬁ@gtoﬁ@ﬂﬁ@ﬂ@@biﬁ&?@. pssweif mepleclay iﬁérdaétjt)lpﬂd in a gipnner
Vi ey S, M e VAR RRB oA Rl

cofibinatibnsais; arathd pdysible gemitofchisalipnmkhter nat i ve
charact er conbi natj ons. R

For every character combination in each category MISALIGNED (for
each AR table), a search of the sequence alignment is then performed to identify the
names of every sequence containing those particular characters at those particular
positions. The end result of all such searches is one combined table comprised of

sequence names, the MISALIGNED character combinations appearing in those

sequences, and the positions where those characters appear.
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Conmmonly known alignnent tools or visual inspection
are two possible nethods that can utilize this data

W@ 00alp138¢ t he sequence alignnent. Sequence APCTONMNL/030656

Editor, Se-Al, for Macintosh OS, by Andrew Ranbaut,
Departnment of Zool ogy, University of Oxford, Oxford,
UK, evolve..zoo. ox..ac. uk, 20 . .

Andr ew. r a b5 S fien &é?fﬁea,’fh? bligwingmamnes i thepgeferred

eafbodanet oReRlimaATER AT RGueRtesamel ishectul B A8 REPEAT
foll ow ng manner: for éeach misaligned region in eac

AUERET ghiames maybeidertifiesbasghisaligned. (RERPEAT isran enipzitically

t.e ternati char act er be .
T R e T SRR LR T
died tablealata dssociatERRIE the@@nﬁ@ugné@seqha@e_§ ileloROdRIdnh a5
t he suggest ed character may be placed into the proper
cypaligned giacies phweeifigpasitian-paiss i(BhAheposigompaits 4t grhéch these

i spl. ver, ..it should
LEREL ke SSLHGRTRY e UL 8680y YIRSl SHBLS
selquisted SR (ablay dadvasstatedifeforichemdpors GO Wharaster combinations
' s%l i gned, d %]g aq. i nordi nat e 1purrber of sequence

5]81&1 BATESFT Mg COBIPEIAHABHIOF At regRn @hfhip rusaligned saquence.
FEALRAGACI AR R itsb1d {@%Ejatv\e&%‘})gy@%ﬁ @ﬁirXctells‘éac{r}%lgP%/’&otﬁg are

cal cul ati ons nade by Sheve based on a

fank\gadiers@ fromf positivato degative,hepottl hedier trwom® skerhatieky
flawed. | n.4hi i rcunst.ance, .t he. predi.cti ons should .
be di scarded.” ﬁ%aﬁig’ goﬁ ea‘*h@wt;ﬂ%‘?d?fpﬁﬁﬁ@é& ﬁ%%é‘c%lﬂil@f%ﬁl@mmg
12§ dc@utputd ) Midlne@ say&ﬁf,@mme; PErRMmBhNERA BAaYE

2004/ 027540 PCT/ US2002/ 030656 to the essentia

rethigabensgricHle nositiepaira of these ehapitéricopwbinations; and ADOggested
&@ﬁnﬁn%hﬁg%BQFco Qhig: 317-330. Once a new al i gnnment
I's created, another iteration of Shevek can be

per f or med. Comnidniyskmmnnaigniteat feishadisabl mbsecEbR 8- wo
until no 5 nore sequences

i nventio an be iterated, )
B‘?Séﬁ’?f‘o’@ﬁﬁma%thﬂtec%% ? i daia o adipst e seauinice elignmenth Sequence
Rli8ah6ht ]Qﬁt%r,rg%g&l, I I@lﬁﬁﬂt%ﬁh Wﬁ E}é?&lﬂaltevf RiEba o,ﬁlggpea?&*r?ent of

al rgnment may designate the Interacti
Fodddgy (Wnsnesity of Quford, x fandpUES wdleel zdnyox. eulski | | ed

i hat the above- d f th
ARl 35 % Ry 5150 ICE i oyl R erigens aserbe

&seosptibied, in @t foRbwinkOndrnes YeMG¥h hﬁ@u@ﬁe@fe%icgﬁﬂ &het ffbaligned
prior to _the expected frequency tablés. The

wareiseaRgighbosng charagterstlhat septeh /e ewggestné etlervative dharacters may

ac r ' of t.he actu freguenc .
R BPREAR, Do 0P bb B PhopliB oF S Rastiah o s obious to
the kkilloé agisers; eltteshghystédehagicer a3 be fHcetl igto sd 1%&@ erddthimn, and
uency tables. The calculation o or its

t ed
tg‘é gﬁ%ﬁ‘%&h&? Hepas Brfaiened o deateglupy magbe displared. Fowever,
i08hotdd BOEndekFo HBRENFS D ok REME Elﬁg;s@} i-sgg%%f;%sf(g good rule of

classification of pair-w se conbina
thambgorile%) I&kﬁrmahg}@d, (Bmxrinm;élirmmemmﬁmf sézmlemsa@%a]bﬁg it may
t erati on of..expected f.requency taples. e
tgeycgg{:ﬁlggf g‘lfl{ @xﬁ SIS lmtlaf(s%quence a{lgnn(%ent is Hawe ; consequently, since
the calculations made by Shevek were based on a largely flawed set of input data they

too are most-likely flawed. In this circumstance, the predictions should be discarded,

and an a new initial sequence alignment created, with due consideration being given
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di stribution for normal tables need only be preceded
by the calculation of DF and its dependent

WO egpioeBmment s. The creation of the X2 di stri bupdDns$002/030656

Sparse tables need only be preceded by the creation

of the actual frequency table. The cal culation of P 20
scores need only be preceded by the calculation of x2
stedheessentinl arthidelogichlpdints saiseshis Phillips et alepeOH dfal Phylogenet
r h Eeqen The threshol d determ ning process need
o’%‘%lg' ?P);)?er;eded by cal cul ation of P and V scores, or
their equi vohed sew AiptnsR0E dréatéd, ¥inothE0iee stfondfShevek can be
proceed in parallel wth the above cal cul ati ons or )
fRATIoERERgnithie manperthewethed of theiessat WyaRAg Gonbe digrtedr yntil no
| . e _ L 7 o
ol s oS0 B At Bcon R dedlobl S e pfctions made
rteyyShes elo miitht that finiat sequéncd efi gmhentgndyr designhte thpfinaltintefaction

t he..present invention. First, the msalignnment and
JERLFHORS ty processes may be onmitted, although error

may be enhanGa be B50Asked 89 ki illdd M g
need be cal cul a?glgﬁ,} al tehogghe er ro:ur{rir&ﬁé? gﬁgtﬁaﬁogﬁgggﬁmerated

ctensed tearpresent sveptonmeajube prdctiasd in Hdfe@mgpedasr Genapallyp hctual

ot her sco may be qm.tted, Thir 2 distri.butions .
bienBRES ol benRBicd Bt Boina il fuShattigs iyf Ricutation
DB or fraededlerdtiesd ohlf®eGrbdetdédby tHe Batiéa of the actual frequency
di stributions for I\prmal tables may be omtted; in

ttables. ddwealcalation ofyorritstequivalent, nee@ 0wy /b pr&E4ded by the creation

P UsS2002/ 03065 nhanc al.t ha 0 at i.onal.
(9t A G SR g S UBRS Hhued heRHEySOTRER 2 i Mvatent,
diesll bhiyUid 186edad By Gl calehRtier 0O nERE @Rt FRuBBRents. The
met hod, the classification of tables into categories

NdssicationoSpan-wise sagabinetions intocticgPries Nowpal apd Sparse, need only

S Y APt 08B BB R RO e

| distaibigdd foPheshdal itdhlesh3bd Bulgbe ppéREESEPRtheRaRbilatibh bf DFMnd its
933 Mz Workstation. Use of the sequence alignment

edepenrsdent sgpiroraenis. Thecrgationgafthse” gistitation dooypazsepahles need

155 0 B B B e gon

Sc61RS ndédEonl§ BB Peicedtdiby the PAIOUARSH S P1s388s gheVi Clistributions, and
readabl e by a machi ne, such program storage 10 device

itheir denengent regnysents. Fesideasheldstirminingpippess aveed only be

(20304 TR 500 SRR Ul e, GBI Gy
Atcess may piraged Depard RS with alicatve @y uladbecdrfoBéwingthe

menory, and any other |ike nedium The source code of
SRBGIURION OF S EHERAS REIES as Appendi x A. 15 Al t hough

A _ dix A 15 A
peti T cal 1~ AESRARRARR By Bl dIRARIERIARRLRIA stpy afhe

trhethodrofiiht ipeastntdmeens ol magibe aniitied withotthieparting from the spirit of

the present invention. First, the misalignment and sensitivity processes may be
omitted, although error may be enhanced; Second, only a minimum of one score need
be calculated, although error may be enhanced — consequently, steps required for the
generation of other scores may be omitted. Third, x2 distributions may all be
calculated according to the method for Sparse tables; thus, the calculation of x>

distributions for Normal tables may be omitted; in this case, error may not be
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spirit and intended scope of the invention. The
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illustrate the 20 aspects of the invention and are

not intended to limt the scope of the invention.

EXAMPLES Exanple 1: Prediction of secondary structure
odnhBored) alihoughe compuﬂaﬁoﬂ tim@ nllay beciatizhsedi CorpéhondiBgly, when the

RVBPUERs e Blewlad s Grertiads 0P Rt TaR e Alg of table

glﬁf@é'ﬂtégoﬁ@.@mﬁnaluﬁﬁ S’pﬁﬁb ty%fe ohfigediroup |1 AlSy
bozyme responsib catal ytic reaction is

domal n 5; h steps, oftth@almvgkde@nhgd mstheslane pgﬁf@ﬁblymeﬁformed bya

nown ructure of, t do i ther
(PR db P8t HiTtasoatg By bl o 34 By AB aua
( ro€essONFRntiuMIAT™] $33K0e Wiokstat@t. e @f tHeesegtisrice taliglﬁn@ft editor
is 30 region has therefore been determned on %’C
T

dsoﬁ’waémsle hinserhemAcsarmedRhPoigdMagntpsh 8§%Q/§%?owe
oo % ?ﬁrﬁbllnégéa }étol%?or e@f)fa)c?mﬁ‘@elc glbet 90%%/8 %@F%thod steps are
lerdi@Rtidittih. a pbgraexstombedyviendoadtibhely a m‘achllne quch pmg’tam storage
invention, in a 41 WO 004/0 7540 _PCT/ US20 2?
nviGsrneipding @ compuLgr £gpdahle GPmPHET § B Include
bﬂngﬁb@imd%@e{té/s ABlRE tﬂl%g ocﬁtchFdlbl{saReacf @ﬁIWM%ﬁlo?}f KAMSDlrect
region, wth aspeC|f|C| 0% - notably, vithout
bAteegs Stemags Devhegs, ga’q@als@qu@mt@smas nR)OT s ahdvany tether like
und@r standi ng of the traditional Watson- Crick

i ring rules that often govern fol ding.
Consequent | Yhe édiceaddde iof Shévek tivippendodeigpialay Appendix A.
enbodi nent of the present invention to performthis
struct ural A&b@@hﬁrﬁﬁpﬁe&ﬁred@m@@mﬁmﬂgﬁ yyieation ggwspecifically
t
8B5S A5 SENERP s o upBbBRhcon TR GRS
ai:‘mpbntﬁﬂl drepodsitdpotifiomrdeparting ﬁ‘bﬂf thk spifiv and eerrded saps of the
previ ousl y described. Biopolymer data of 126 sequences
reVeitE®-to the Al5y D5 region were 10 obtai ned by
searching tige Mﬁ'&mﬁj@&éﬁf‘ﬁ% are provided to more clearly illustrate the
(http://www. ncbi.nlmnih’goy/) for simlar sequences
oaspses| nEtheesvealtioe auy aiedehintdnidedi toalémis éharggope ofFhe ippvention.
ri bozymes. See step 1 in Fig. 1. These sequences were
then aligned using the CLUSTAL XTM software, obtai ned
fromftp://ftp-ibnc. u-straspavprfgub/ C ustal X/'. See
step 2 in Fig. 1. This resulted in the sequence
13 nt lﬁgcﬁwﬂoﬂ &s-g@t;}ldgr sttka PVor %aﬁtfqpe et'rl%e rde: g
[ mmvmmNAmMnmmamg thv SBlamkaheJor ithnms. The
primary purpose of the foll ow ng_descrjption 13 tQ
illustrate HEES §15 @ NGV elcdass BERAEA stiire userul in understanding

genomic change. The region of the group IT AI5y ribozyme responsible for its

catalytic reaction is domain 5; however, there does not presently exist a known
structure of the domain five (V) region, either through crystallographic or
spectroscopic methods (i.e. NMR). What is known concerning the structure of this
region has therefore been determined only by difficult, biochemical techniques (e.g.
solvent accessibility tests, etc.), which took months to perform. See Konforti et al.,

1998, Mol. Cell 1:433-441. The exemplary embodiment of the present invention, in a
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The set of non-redundant two-way conbi nations of
positions (possible interactions) produced by the

w@ovbioerssor i al Mat chi ng Process of the presentP@DUS2002/030656
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invention is shown belowin Table Il. See steps 4-5 in
Fig. 1. Nunbering corresponds to the position nunber
fromthe alignnent in Table |I. For each of the

i rplerad hp@rﬁsqalcaﬂateémaua of the dypestany bioevbemiqwas dpteudineé sructural

PR T S kSR T e b AT
gﬁlﬁﬁhab ehde Wm%ddﬁﬁlﬂ)uﬁﬁi unc%@t%gﬂ%?ﬁﬁ@ lﬁ‘aﬂi‘?ﬁ)ﬁﬂ‘Watson-

t hen &S ornmed the cal cul ati on of scores and their
stHeekasgipaiingaHlea isd oEEmgo e fqi@naé@%a%u@élycﬂm lpbidity of the
te

CRRH DI UBORA br b ppolBR VBB (ko Flsrudurdt®
détérminatioh Ausiiss iEthodolo gire@ it genedtheasquncy dhtdas k&ssf
than 0. 000001 %\n%ﬁ n%ées of scores and standardi zed
sd’a‘?aé‘&lg e5p SyrapRlinindicates Hhag thepresenigipyenfioncap felegplied taot

$ t i ve. For each
S?Hl%tﬂgﬁl@lﬁt%rgg%??oadsr e 1%% O%Q? %ﬂmls dég&\%\%tpe cal cul at ed.
The Shevek Biepblycetr kiaatla of @26 sequextes tedated tetle lIdy D5 region were

deternm nin [o dcal ul ated the follow n

ohiéiagl B sedibiogine s hiabgses ity e aRGinitnaib.eoy) fogsimilar
ol e Radl k;?%@ﬁgf‘ xR0 Ciolo Hribhymes, See step 1
tindigy 1s Cldheee shquendeb wterothen a]mnd;d ansmg GI@CCEUSM X™pkaftware,

rcg)gealéer é)% m'inn_..__u bg@ ) ‘?H' 1n1£1g1 This

%Qﬂtéﬂ@xﬂtﬂé)ée&lﬁ&c§ﬁﬁgiﬁﬁem&@gm| Ta%% foelddi stéphﬁlnqtigvle
t hreshol ds, the Shevek nethod then eli nm nated
pai r-wi se chils eeataiping this dejaspt wasdhersresd mﬁwmmﬁ and analyzed

t ul-ti.ng. | ' The RS |i.st for

(A SR8 BorBER e Ny Bl 0B otV Etiblion BT
alligtratefurther the pefasedmsthbben performed, resulting in

the grouping of the pal r- VVI se conbi nati ons where

scores hawﬂt? eonwaesembigatiensed posigions (possible
%ﬁ@%’ubﬁh §ﬁﬁu@c&lﬁ }éfé&ﬁblgﬁ%acl‘iﬁﬁtﬁﬁn ﬁo&@?b’ﬂﬁ% gre@ent

pi nnacl e”associ atlon i's etermned in any ¢

agvantion is shown betev pi Tatde IIeSemimxs i4a8 inofignbhy Nlombeting estresponds
f,irst ccordl n he h| st..P, ihen the | owest DF

AR P apst PH’éHTIJPCE%E’tt gal W‘%%E B3l nnacl e associ ati on

of each gr qp ew@Sofaho fiftdta@fond ERGIIAEH-GRAYE: tabtlemv§s produced a
resulted in the list of predictions shown in

\pv exammpleshbwhichrieg shoavn ingehledii(step 5dh Fig é)aki’d\iactuaht
t hen he m sal i gnnent

%@géicg't tssf&gfgﬁ?n tefiﬁ’g’tg%?‘zg;ﬂ&afar@&uency t abl es

associ at ed Thal %v&%eﬁbﬁ%&%%%nﬁé@ﬁb %Elgglatlon of scores and their
associ ations, an AR table was cal ated (equations

\staupardizgtion accﬂz}dm@ tecthe pesithodis dessaibbd alabzlee(Eqmtroels BOHdSaegteps
27 ﬂpﬁg! { I\t@tg tHaf hfétp?gmg&tl Ja %he P scores was set to 7 decimal places (Thus

no P score has an value less than 0.0000001.) Examples of scores and standardized

2

scores, are shown in Table IV below. This table is not comprehensive but is instead
illustrative. For each of the interactions (Table II) scores were calculafed.

The Shevek method then performed its threshold determining process,
and calculated the following values: -logP Threshold = 5.6; V Threshold = 0.45. See
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frequency table. See Table VIII for these AR tables.
Cells having an | ARl value <_ ARTHRESH, where the

wa@ledoand1s4val ue of 1.0 was used, were identifi ePCT/TROOB030656
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cells 20 correspond to character-character

conbi nations that belong to possibly m saligned

sequences were designated category M SALI GNED. The 3

lﬁhg Mefot ilRrativiegesphiios cfaicdr-logPadtior digtributaers ithm¥ goong distribution,

er . to cate t he net ho evi ousl|
99 arlopB St 8 M Brrealot bRkt sPEfey Tuhe BuBHE hrpader
NS &Rl drs n&‘ﬁ{e%essbggd} g&d&@d by EfUSHROES method itself. Using
identified a m ni num of T nunber of tines, where

tthealRFe tetsholds, thaISbeVQkfmchmﬁleu§bﬂlln3é¢dealb%§%@r¢@§1bﬂ¢?élons

ﬁjasf A kﬁg%ﬁ” tﬁgﬁeet esl?cgflség %%SI t. 1f'h°é I%@ Bst for this

grercggbgeéehqﬂ'faﬁ@w sequences vvere identified as
msa i gned. These sequences were _inspecte gﬂ and edj t
g

usi ng the deehramelimiatignarsessarasten fsr regulting mé

SO RS R  SERATRE hn EASSR v

kgouped pdsisgoed imMable e/ﬁl Ageeitie 6smes aFalgtampxd,.a plmdmmmlation is

#16( DRP130746 and sequence ,#73 B 45
rﬁ@Fe((*}‘aﬂfteé Ipgny ﬁg? A?tES’Zl?S ige ?’éﬁ*ﬁfs%ﬁégﬁé g)bemﬁosen first
st to Biethi SRkt P fth&%@ 168% et O AndnR@the highl& BNWHeR the

evek proces was then repeated on the altered
q&maehmsscmiatlgn o pachdzbep wes chiosen ag drscrhasdoabeoye. ibis resulted in the

The, resul teration are apparent in
'Iha%Pg ?glck‘%r&rfﬁﬁ?’gl?gﬁqlﬁfw , the new RS |ist, and

Table XI'| (19Rapayék ﬁl@th-d;@m;ﬁm\&ulﬂui of the abeve thtS)fprdwtlons then
predictions. It 5 is not abl e that the inclusion

riegail thgmmisalisnmentrrosessdforsarlyof g artnal fraquprat iaples E%P%@ted
f
Bl BRI pr RN B Ek fhe A 1, Btk wh I BER i
VL, pKewid 00y seach 26k th ea@heattﬂe t(brm‘spomhﬁg tednedh ok rebted acalal
d 13 35, Th f t.he. Sh
e oo B Balh B0 5 SRR e <
Fﬁﬁlﬂgﬁe Yt R0 ﬁe%@ﬁ Lhens @@Rilés‘%ﬂe@ Yverb f‘deﬂﬁﬁéd IThebd@lls

oW ng nmanner: I stances bet vveen al | pOSI tions
moeﬁspnnddo bhnraxztezedlaea:caerwenbmatmmﬂ thiatZsthngab iposdibly mikaligned

SRR PRI BTN R TARIBH oo
bhoeRemE £R]dn¥d ﬁ‘?&lﬁéﬁ%%ﬁég@? @QU]U eUs éethﬁ hfethodid fFeeviously
region (Konforti et al 98, : 433-441) .

A&ﬁsmv@dathle S@preﬁsurgsmnalbler@x/@ﬁlceu@s i MI%LEﬁWPaﬁqﬂﬁ yere
z%g% tge t? %nceg?&e%tlﬁg@%ﬁkﬁgﬁlfrg ?RE?'EAfI]?lltl i érc‘)ggmes, where the

classic ingis o

agSTRIIEN g 612 Waseseppire cogsidantdEthe mdsblikslgito bé misatignah Table IX
Il, it is ambiguous accor di ngla g such_ rul es et her or
rO

ristthe misalignmat PYtPi (Skepyhis: 1tk 210 06 dhe refsrred methas what i s
known as a mobil&cRéds wer® Edehﬁﬁéc?ésdmﬁﬁhéﬁed. These sequences were

inspected and edited using the sequence alignment editor program Se-Al, as described
previously. [Sequences #43 (_ZPU16993_cox2) and sequence #52

(_ BVSCOXII1_cox2_1) were noted to be misaligned and realigned (see Table X).
Sequence #16(DRP130746_Dp_nad5) and sequence #73(petB_45_) were noted to be
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30

with the A across fromit (in a nore classic
Wat son-Crick manner). As this interaction 20 occurs at

wa b@4/0kismk™ in the nol ecule, any attenpt to noRPEr/USI0Z030656

region requires this anbiguity to be resol ved.

Bi ochem cally, this was resolved by testing the
accessibility of these units to chem ca

nmukiufl, batt ficd in ndedrof &tahgmmpnu]mm eabitsi @rmvelypmﬁpﬁsms then repeated

re |red t hy. bi och ; anal to re eb

i i e O AU RITAD AF: Sai-oalhe phésgeves RERRLLE) Y

1:433-441); Th@é\’?e%ul%%fq{‘elrého%rﬂi‘e Ssiardnt 1r§'@hBl@§tI (@h%ya@é(to Table V),
corre 25 interaction,

determ ned t ct
thetremeR S ilist , and TebleHE (comparmtocFabie V. th¢ nevééléﬁ qfipspdictions. It

e

@Jﬁiré«sb@sl Rodiéh previetiv@d eightHel e scoré ﬁirylt5|x(:33 ﬁam:ttﬂmo 565fto
thi's rlbd%yne %ee Kgﬁggrtl et al., 1998, M

0: 5@331114@& meporignily dwe PerveousmissRdiBissactions 4re dfzﬁ??t@ﬂe? X 45 and
3% &e dJ 2S5 gtggﬁrted{cﬂglﬁs 611th€§}{e\p-:§ m{;ché bkt enlﬁﬂgemﬁ

rgoi ng’ erac opp03|te
@easishC anal ysi s using base- palrlng "rul es” suggest

an interaction bet this Ga
accor dance \Rfst%pﬁtu V\ﬁPFedg‘PBB‘f was E’@’& F‘P@Fﬁ?’%@é@ﬁr i he

r DR ddsbithit v
W AT S S gttt v

miﬂiﬂ]ilizeda allowingdd §iopalymerto @élgmpi 5hisg¢g11te<bm thg |stractprgshown

e éal()yFihi%wsiiﬁ g L al%g%tfltg %‘a}e <§/ lydf% %ﬁh{eﬁgﬁ'wztﬁ&a&f this
%{ﬂe P@%o@?(dﬂf&h@# Blbelr999fM0D r@m 164330441t Aatoveratl domparison

over otal nunber of predi ctions, for this
metealsuskreking signilngtyvdlowmesers aym mpkgiimporta g thg &1oying

di t h
RS Flong Sean S i R o HoEacBSia b 8 pRRRE AR
ERERIVRE fin rdf@SIE, it tatntBHimns hbtﬁu‘ﬁrdlhgm m(‘hlmlleawjaether or not the U
enbodi ment _of the present |nvention

ble.to. .
peies et the ackss fr@ppslt (1R whiat 13 EQIVEAS 2 Wpi)‘b Rair)or instead pairs
%&1@111151"1' Qf:ﬁé(;éq‘lrorrlfg leinee[ mBRIVISGiW3RoRICeMk ftbhdr) d8S Bid ARFaction

sion of an adaptive 10 screening
picoms astharfink” il the Ini oderbn eny attenet o arodektbistregion resudtgs Fhls

e B S RIS s

%?tﬂ?ersghﬁﬂ {oURemiti ﬁi@dﬁlc%&f«‘ IFe P EdVek ythiziaiti glity, which requlred
non- bi ased no-rul es" approach, indicating that th

ﬂc@bmblophmmmllamlyms taessely by previgusanethedsgKonforti et al, 199,

d\?%lg IC%?:% r§|;144tlg hy O%:quc%:l%gcf Ehst goﬁ{é&i Ibg%\ge?%fgefl%ed the correct
39@&&&83EH@UR§$ﬁH$aQﬁ2bO&QﬁéBLAIﬂBﬁEumLSequence

Al Tgnment DI% addition, the “G” in region I (see Fig. 8(a) and 8(b)) has previously
been identified thorough biochemical analysis to be involved in the catalytic reaction
of this ribozyme. See Konforti et al., 1998, Mol. Cell 1:433-441. It is therefore an
unusual unit. Further studies suggest that it may be “flipped out” and not undergoing
an interaction with the opposite “U”. Classic analysis using base-pairing “rules”

suggest an interaction between this G and U. Shevek, in accordance with known

studies, correctly does not predict an interaction between the G and the U units. Thus
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5 POSI TION 11111222223333344444
0246802468024680246802468 10 Sequence of Interest:

W@R@garmse - - - - GAGCCGTATGCGAT- - - - - GAAA- - - - PCT/US2002/030656
GICGCACGTACGGTITC--T 15 Functionally Rel ated
Sequences M CLURF 1 _ndhl _01_ ----GAGCCACATGCCAGG - - - -

---- CTTGCACGIGIGGITC--T M ZMCO cox2102_ ----
mhwn@@d;@@dnot onlyspgyrect assoCIRIIGBAPGTAAGE Torretly highlighted

% othlOIalmgA TTTTGCGGG---- GAAA- - - -

_cox2 1 ----
GAGCTTTTTGCmFamﬁmt rac _? c@ﬁﬁ@@‘kﬁ@ﬁfb&@?fﬂé b of
M PHOR1 COX2 1 =-- - GAGCTTITTGOMG - - - - GAAA. - - -

o theyptaboumber efpxedictians, for this molecule is

%E&I %‘é@gf Ccéqu%%W%@ﬁW onl&e estimated

%IM@E&G&GH% alﬁbut 11 StldCRikd) aﬁddﬁ~75°/03 ----

CCCGCACGGITC:- -
MIVENADSN a’g 10 gethe@&@ge@qt@@w@t the exegphary embodiment of the

%Eﬁgﬁ%ﬁ%ﬂﬁe ’t@p&&oMﬁﬁWﬂ%@é&mﬂe more time efficient and
CCCTGTAATGG: - - - - CG&EITC--G TSP
1@sier BrannetShan prev1®3m:d:@'ﬁﬁwmmods -The@iglsion of an adaptive
%&?@%ﬂw@r 12 r:n}-sa 'TRAé'n 1145 nadseﬁa&ﬁgﬁlj}éblhﬁes In addition,
ARP %@ﬁ%&tiﬁﬂﬁ&aﬁ{able oﬁﬁ%@ MILPECent interactiBMietermination
CTTGCACGTGCCGTTC:- - SAU131147 nad5 ---- )
@mm«@ly-nwtrammbiased, Crgagas reoaerigdictingthat the

@%@% L for ﬁﬁ@%gﬁé&%%%@@m%’éé@hémuy and

ﬁ@ﬁ%ﬁhapoly%%ﬂteracmoﬁ TGCACGTCCGGT TG -

ANI\IADS An_nad5 ---- GAGCCGTATGCGAG - - - - GAAA- - - -
CTTGCACGTGCGGITG-- T DSP130747 Dd_nad5 - - - -
GAGCCGTATGCGAG - - - - GAAA- - - - CTTGCACGTGCGGTTG - T
SW 131144nad5 ---- GAGCCGTATGCGAG - - - - GAAA- - - -
CTTGCACGTGCGGTTC- - T 35 AF143422 Tc nad5 ----
GAGCCGTGTGATGG - - - - GAAA- - - -  CCTCCCCGCACGGTTG - G
AF143423 Pa nad5 ---- GAGCCGTGTGATGG ---- GAAA----
CCTCCCCGCACGGTTC- -G AF143424 Ca nad5 ----
GAGCCGTGTGATGG - - - - GAAA- - - -  CCTCCCCGCACGGTTG - G
AF143425 Cp nad5 ---- GAGCCGTGTGATGG ---- GAAA--- -
CCTCCCCGCACGGTTG- -G MTPACGnad54_08 - - - -
GAGCCGTATGATGG - - - - GAAA- - - - CTATCACGTACGGTTC- - G 40
M ATGENA nad71 - - - - TGAGOGCATGCGGG - - - - GAGA - - - -
CCCGCACGTACGGTTT--T M ATGENA nad7 3 ----
GAGCCGTATGAAGG - - - - GAAA- - -- CTCTCACGTACAGITT- - G
_MPOMTCG nad3 ---- GAGOCGTGTAATGG ---- GCAA-- - -
CTATTTCGCACGGTTG--G M ATGENA nad4 3 ----
GAGCCTAGTGATAG - - - - GAGA- - - - CTATCTAGCTTGGITG - G
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_MPOMICG nad4 ---- GAGCCGTATCCGAG ---- GAGA ----
CTTGCACGTACGGITG--G 45 M SC13_coxl _1_04 ----

WORMBDOTBATGATGG - - - - GAAA- - - - CTATCACGTACGGTTTPETBUS2002/030656
MTPACG cox| 107 ---- GAGCCGTATGCGGT- - - - - GAAA- - - -
GTCGCACGTACGGTTC- -G MIPCCOXI cox| 1
- - - - GAGCCGTATGCGGT- - - - - GAAA- - - - GTCGCACGTACGGTTC - G
SP0251292 coxl 1 ---- GO@%&%@OA ----- GAAA- - - -
GATGCACGTACGGTTC- - T MIRFesedligigpant Pata. . .

GAGCCGTATGATAT- - - - - GAAA- - - - GTATCACGTACGGITC- - G 50
M SC13_cox| 205 ---- GAGCCGTATGATAT----- GAAA:- - - -

GTATCACGTACGGTTC.- G MIPACG cox!| _4 FNSEHON

GAGOOGTATGCAGS: ; ; = = GAMI 222 2CBEGCAGIINOEGTTC - G
AMJ41288Antox| 3¢ §§92&€£&éﬁ&?&é@ﬁ_z%& GAAA. - - -
GT TCEAGAGFSIFC - G M SPCG cob_09_ ----

GAGCCGTATAATAA- - - - CGAAA- - - - GTATCCCGTACGGTI TG - G
CHNTe2p 12 10 - - - =—GASCODBTATTACATGAAA---GTORBACGEACGGTTC-T
GTCGTATGTACGGCTT- - G 55 CHSORPS rpsl12 2 11

---- AR Bl e - - GAAA- - - - GTCGTATGTACGGCTT- - G
CHZI\/D(X _rpsl2 21 12  ---- AAGCCGTATTCGAT- - - - - GAAA- - - -

o N@q*eéﬁ--z-ﬁwcwmmﬁﬁ - AT AT EIACAGTTAAGIEL-G

2p Ipcaéc@ll_ o g - AAA- --%AGTACAGTTT -G
_ - GAGCIT T T TGO GGG i AGTCAAGTTT--G
CTTCUARNCOGAAGT T T- - G..cAE L BRRA = CCTTGCAAGTACAGTTT--G

GAGCOGPSMCGATEE- - - - - GIWTTGC@EATQ@QGCA%@EQ@GT T--G
Vi 0 € CAAGAAA~-(BRAAAGTACAGTTT--G
GAAA-- -CCTTCCCGCACGGTTC -G

A --G
CHI\/PPSKl:{lmlnadm - AAA--- CGTGCGGTTC—-T

Gr TC?TW@(WG@GT TC- - G GANGRFGZ‘FKIIIQNGA«IH AGAAA---CTTGCACGTGCGGTTC--T
I . NETAPAAC=GAG ICGAG--E}?

A @é SIS FATHSIBCGITUGG: T@--T
« S e e
- - - - REOAGCAG AGGAT - 'G'A'GCC GAL---1 T

CFZM@NADSM_IES‘S - - —-GBACCACAGTROEATGAAA=-=-CEBBAAC G FGCGGTTC--T
CGIT FcC- - GGA@:WGWA@( @AA----CTTGCACGTGCGGTTC-

- GAGCCOTGTGATG e ome ACGGTTO-G
BVSCEXh3sd3 1€aQi§d?5 | -=acc ATGEL S > ZCCTC ACGGTTC--G

CT TWA@A@HW T- ~GG§G®dmmmaK--%ﬁAA -CCTCCCCGCACGGTTC--G

AAA----CTERMCGTACGGTIC-G
\ %@A AGA- ---CCCGCACGTACGGTTT—-T
R m@@@ﬁﬂ AH%CAGT GAGCMA&AT@T%%%% c--g
CI—NWT@]@ 5 na’z‘@ﬁ - ---GEAEICLIATNGEAT-CAGA~~CTEAAAGCTTGGTTC--G

AWAé?t p-FAQ@---—CTTGCACGTACGGTTc--

AAT PERABGPITGGITC- - GGA@BGEMAT(FCA]FTat pEABZ-GATGCACGTACGGTTc -T
T C=-CAGCCAIATR TAT-—-GATA-CATETIAKBEATE@ TTG-G

W TPAAA-=--CTERMCGTACGGTTC-G
Aé@ﬁg{g ,_'fﬁﬁ s GW—--GAAA---~CTTGCACGTACGGTTC- G

AGT WOARGES Wb I3 - (36AGCCOTATGCGGT-—-GAAA—GTTGCACGTACGGTTOG
MISPCG_cob_ 09 --~-GAGCCGTATAATTA-—--CGAAA----GTATCCCGTACGGTTC--G
CHNTXX_ 1psi2 10_  ----AAGCCGTATTCGAT-----GAAA-—-GTCGTATGTACGGCTT--G

CHSORPS rps12 2 _11_  -—--AAGCCGTATTCGAT----- GAAA----GTCGTATGTACGGCTT--G
CHZMXX rp512_2_12__ --~AAGCCGTATTCGAT-----GAAA----GTCGTATGTACGGCTT--G

CHMPXX 1ps12 2 13 ----AAGCCGTATTCGTT--m GAAA----ATCGGATGTACGGTTT--G
_ZPU16993 cox2 ~  —e--- GAGCTTTTTGCGGG----GAAA---CTTGCAAGTCAAGTTT--G
AF080087_Ot_rps3 ----GAGCCGTGTGATGG----GTGA----CTATCCAGCACGGTTC--G
CHNTXX_ __trnI 14 —---GAGCGCAGTACAAC----GGAGA----GTTGTATGCTGCGTTC--G

CHZMXX t _tml 15 ----GAGCGCAGTACAAC----GGGGA----GTTGTATGCTGCGTTC--G
CHMPXX_ trnI 16_ --GAGCGCAGTACAAC ----GGAAA----GTTGTATGCTGCGTTC--G
WHTCPTRNI _trnl ~--GAGCGCAGTACAAC----GGGGA----GTTGTATGCTGCGTTC--G

46



HVU010573_at p9 ---- GAGCCAAATGAATG- ---- GAAA- - - -
GATTCATGITTGGITC--G CHNTXX rpl 2_34_

WO 2004/ 00GANGTATGCCTTT-- - - - GGAA- - - - GAAGCT TGT ACARTTTTUS2002/030656
15 CHWXX Cp_rpl2 ---- AAGCTGTATCCTT------ GAAA- - - -
AAAGCTTGTACAGTTT--G M ATGENA rpl 2 1
- - - - GAGCCGTACGAG: - - - - - - GCAG - - - - - CTCACGTACGGTTC- - G
SCEO THSE6&X _ngl 737 ---GAGCACAGTACGAT-----GAAA---GTTGTAAGCTGTGTTC--G
o ? T-_--;QA_G_C A ACGA 'g% [GTGTTC--G

—-GAGCAGA . TGTGTTT--G
1% ----GAG ég:’”'g' " SCITGC CAGTTT--G
5 AHAGRK 26 C NEPOEGERRI..RAA——AATGCAAGCACGGCTT-G
---- @Xﬁﬂmﬂtﬂﬁ@MAG- AAGCTGPMCAAT—-—GG’WGAWM@CK@GGTTT -G
20 S@M@E&AWKL a‘o C 1—~WCCGTATGQA@56%G&&I§CAAGTACGGTTT"
GAAAGN 242 T pat
10 ---- ---:GA'G'CC MA ,
CHI\/P)éXTAmfPIEF 42 =z -GAGO@AQI&%W ~-GATT(QA?A7P(FT—GGTTC -G
ATATGAMAM'F@I[% - - T-AATING:. Br- 43*AAA----AGTTCATGTTCGGTTT -G
--GAGC AATCE TC--G
W ----AAG A GCTTTgr---m " gAI §A;W CAGTTT--G
15 lé —----AAGCTGTATGCTT ------ GAAA----AAAGCTTGTACAGTTT--G
---- GAT = =.cacdobbBbecac:-GLGELATAEACN ST ACscTic2S
CI—|ZI\/MI8(E B5Bcyh_37- - ----WWTIGAAEA, --GTANACGTACAGTTC--T
TTTTW? L GAAA--—-GCTTCCTATACGTTTC -T
_GAGE GAAAG- T--T
n Gl SO
CHNT 2% Lot _41' - - Acpcaan.. TGTCCGAT"TC T
TTAT A&ﬂ%@&&a{t&emet IOAAR-- ATATCATATATGGTTT--T
- WMIGA- ~GAGCTARMYSAGA T T PCATGIICATSIAIGSTTC-T
44 e ‘A GTCRGATATACAGTTC.T
25 CHZMEA GEL - TN i --—-TT%ATACGGTTC -
TTCT sl JC- - C. el Lol - TAATCATTTACGGTTT-T
- - - - GASEX WTAT----GAGCﬁMATTA-- TAMPCAT AHCEGATCERGTTE--C
CHI\I'I'XB{L@D £pdD 88 ---GAGCCGGATGATGA----- AAAA-—--TTATCATGTCCGGTTC T
e -GAGC GATG Akt CGETTC--C
0 Gt m??“’- B
NTX T clisp o R INA AR TGG STACGGTTC--C
AGT Gl fb&CAGT T 55 - T... N IZAS;A----AGTGCTTGTACAGTTT T
- - - - GASCCGTRABGAGGT --mGA@@GCKATGAGGTT'K@Gmm'B@AGG'GTTC T
25 CHNTXRNERS_1pl16 564 --~GAGOTAEKTHECATEAGIYN - CTCTAARRICCGGTTC--T
SRZM - ---CTCTCATGTCCAGTTT -T
s rae e ol
- =ZGAGCC AAT= -
CHSOCHSTX 0 Iddb1 56  -—-GAGCCGTATGAGAT-----GAAA----ATCTCACGTACGGTTC- -T
10 o ST GAGAA G SO CAM T ST GRCLISBT PO T T
C.I'__I.'\IZP B + --GAAA—---A%%GCACGGTTT T
T 4- 2O _GCAA----CTATCTCCTGCGGTTC-G
---- 691@&66}'@ G‘&QSAT----GAG@GMGAG ALCE OOCCAMEREAtECAcaGTTC--T
CHI\/P)C){MEIHN_}'@Ql 63 - ----GA@B@GIM@MAT TTAA-—-AGKPMNTGTACGGTTT--T
45  ATTTCAFSTRCGOIS T - '"%G@T-WWA ""GTTTCATGTTCGGTTT 'T
~-"GAGCCTXATGAAAG = GG T--
CHWP - 22GA gﬁ@%’% AAAS-TT GTCCGGATC--T
ATCT CANGCAGHEH T 167- T---CABEMNARZT 0 RGFIad 2;AA A----ATCTCATGTACGGTTC--T
50 - ... CHMEKCTAYIGATEG ~~AAGCCHWAGAAAT-CTRGETEEIAICAF TACGGTI T-T
CHI\I'I' y4 512 ég _-:--_G_ AN _-P_&T _TA_CGGTTC“T
---—GAW@-GTTG ACGGTTC--T
AT%W%I - L 3.1 A----'GTCGCACGTACGGTTC--T
GA \(BRA- - - =-GREAGeTAT6CANTT T GAL G AGEGEAJG AL GEBrC--T
55 CHN'RXOGN%I*@.SMA - —GAGRBEEGAAFAAPNAABAA---CTAGRABGTACAGTTC--T
GTTT AP T--GAWWQQFA}T rqéA@S--GTGGCACGTACGGTTC --T
A A pr-CA GOT=---G TTG-
- ; ; IZGAGCCG%%@GAT ..... TN oy e aa it
PLRRNA23 Im 3  ---GAGCCGTGTGCGTT----GAAA-—-GATGCATGCACGGTTC--T
60 PLRRNA23 Im 4 ----GAGCCGTATGAATG-----GAGA----CATTCACGTACGGTTT--T
MISOLSUR_rns2 —--GAGCCGTGTGCGGT---GAAA----GTCGCATGCACGGTTC--T
MPOMTCG _trnS ---GAGCCGTATGCGG------GAAAA--CTCGCACGTACGGTTC--T
Azotobacter__Av_groEL ----GAGCCGTATGCGGG-----GAAA----CTCGCACGTACGGTTC--T
AF065404 Ba pX0l  ----GAGCCGTATGTGCT-----GAAA----GGTACAAGTACGGTTC---
65 AB011549_Ec IntE  ----GAGCCGTATGCCGG----GAAA-—-CTGGCACGTACGGTTC--T
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CHVPXX trnG 66_ ---- GAGCCGAATGAAAG ---- AAAA----

CTTTCACGTTCGGTTT--T _ MPOMICG t 1 nG
WO 2004 BGBCCGATGAGGGEA- - - - GAAA- - - TTTCTCACGT CCEEATIUS2002/030656

CHNTXX rpsi2 1 67  ---- GAGOCGTATGAGGT- - -- - GAAA- - - -
ATCTCATGTACGGTTC- T 50 CHVPXX rps12 1 68_
- - - - AAGCOGTATGAAAT- - - - - G - ATATCAAGTACGGTTT. - T
ALk i A o S aIAE R S e

e BAGRGPTATSAGC esms —_— T
ATCTCALRIA -4?; e ] gﬁg 'ﬁ . GCACCGTTC-T

WS ATA AT RlyA- - = TGCA CACGGATC--T
AF029891 Cp_ sr RNAI -~-~GAG€CC@A®KZGE‘AT@@MI—GTCTCA@AAGG’FTT -T

GTCGLAGORACHISPTC -~ FCATPIERRICTS iy @M= GO0GTACGTACGGTTC-C
GA -—=-C TGTACG

Or —-— -A —
AF08 w@‘%&ﬁhﬁﬁm ~IACGC ]
GT COMARKEHATALT IC- - T AAAE02288AcEP--- -SGABNAZCTTTCACGTACGGTTT--G
GAGCEGIECPGLEAT -2 - - ~--GAAOETATGATEREECABETACIBETFCS FALGGTTC--T

oxj_3 . = =G CGCCGGGTTC-G
%WG-»?AG% @WGGT CACGTCCGGTTC-G
GAGCCGTGTGCGAT- - - - - GAAA- - - - GTCGCAAGTACGGTITC-- T
PLRRNA23 _ rn 3 ---- GAGCCGIGIGCGIT- - - - - GAAA- - - -
GATGCATGCACGGTTC--T 60 PLRRNA23 | rn 4 ----
GAGCCGTATGAATG ---- GAGA ---- CITTCACGTACGGITT--T
M SOLSUR rns2 ---- GAGCCGTGTGCGGT- - - - - GAAA- - - -
GICCCATGCACGGITG--T MPOMICG trnS ----
GAGCCGTATCCGG: - - - - - GAAAA- - - CTCCGCACGTACGGTTC- - T
Azot ohacter Av_groEL ---- GAGCCGTATGCGGG ---- GAAA----
CTCCCACGTACGGITC--T AF065404_Ba pX01 ----
GAGCCGTATGTCCT- - - - - GAAA- - - - GGTACAAGTACGGITC - 65

AB011549 Ec_IntE
- - - - GAGCCGTATGOCGG: - - - - GAAA:- - - - CTGGCACGTACGGTTC- - T 47
WD 2004/ 027540 PCT/ US2002/ 030656 PSY18999 Pp_| nt 504l

C - - - - GAGCCGGATGAGGG - - - - GOGA- - - - CTCTCATGTCCGGTTG- - T
ECHREP_Ec_| nt B

- - - - GAGCGGTATGAGCC: - - - - GAGA- - - - GGTTCACGTACCGTTC- - T
RVREVIM Rm I nt| ---- GAGCGGTGTGAATG - - - - GAGA ----
GGTTCACGTACCGTTC-- T ASUL3767_An hl yA

- - - - GAGCCGTGTGCAGE: - - - - GAAA- - - - GTTGCACGCACGGATC--T 5 p
---- GAGCCGTATGAGGT- - - - - GAAA- - - - GTCTCAAGTACGGTTT--T
LLU50902 LI 1trB ---- GAGCCGTATACTCG - - - - GAGA ----
GGGGTACGTACGGTTC- - C  PAU77945_Pa_Xi n6

- - - - COGCCGTGTACG - - - - - - GAAC- ----- CGTACGCACGGTGG: - T

CDIORF_Cd orfl 4

- - - - ACGCCGTGTGAGGG - - - - GAAA- - - - CTCTCATGCACGGTGT- - G
AB022308_Bm TnpR

- - - - ACCCCGTATCCTG - - - - - GAAA- - - - CTCGCCTGTACGGTGT- - G 10
MIPLCOX 1 _cox 1 1 ---- AAGCCGTATGAGEG ---- GAAA----
CTTTCACGTACGGITT--G MIPLCOX 1 _cox 1 2

- - - - GAGCCGTATGATGG: - - - - GAAA- - - - CTATCACGTACGGTTC- - T
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GTCGCACGCCGGGTTC-- G SFU97489 S I nt A
- - - - GAGCCGGATGOGCT - - - - - GAAA:- - - - GGTGCACGTCCGGTTC: - G
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PCTAUS2002/ 930656 11.713 0.0574 0.30369 3 1.2
6 10 15.434 0.0656 0.3486 3 1.2
6 11 13.751 0.0121 0.32906 2 1.9
6 13 18.939 0.0129 0.38617 2 1.9
6 14 41.73 0.0013 0.57322 3 2.9
6 15 23.666 0.0074 0.43168 3 2.1
6 16 2.947 0.3782 0.15355 3 0.4
6 17 4.391 0.2109 0.19049 3 0.7
6 23 2.527 0.3541 0.14161 3 0.5
6 25 1.167 0.3279 0.09587 1 0.5
6 31 2.201 0.6313 0.13323 3 0.2
6 32 4.505 0.1498 0.18985 3 0.8
6 33 1.278 0.6662 0.10031 3 0.2
6 34 4.196 0.2561 0.18176 3 0.6
6 37 3.388 0.221 0.16333 2 0.7
6 39 1.277 0.5688 0.10029 1 0.2
6 40 1.334 0.9042 0.10248 3 0
6 41 6.823 0.1604 0.23178 3 0.8
6 42 4.882 0.1855 0.19606 3 0.7
6 46 3.29 0.1665 0.16094 2 0.8
6 49 6.677 0.0764 0.23113 2 1.1
7 8 31.781 0.034 0.35373 6 1.5
7 9 16.828 0.1326 0.25739 6 0.9
7 10 20.839 0.0656 0.28643 6 1.2
7 11 19.524 0.0167 0.27725 4 1.8
7 13 26.387 0.0149 0.32231 4 1.8
7 14 56.535 0.0081 0.47178 6 2.1
7 15 35.982 0.0014 0.37638 6 2.9
7 16 9.618 0.147 0.19614 6 0.8
7 17 6.304 0.3275 0.1614 6 0.5
7 24 41.855 0.0442 0.40594 6 1.4
7 25 2.141 0.3272 0.12985 2 0.5
7 31 6.003 04217 0.15559 6 0.4
7 32 11.65 0.2162 0.21587 6 0.7
7 33 6.339 0.2984 0.15797 6 05
7 34 4,196 0.354 0.12852 6 0.5
7 36 20.757 0.0536 0.28587 4 13
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5 32 3.672 0.6637 0.1212 6 0.2 5 33 7.875 0. 2446
0.17608 6 0.6 5 34 3.59 0.5532 0.11888 6 0.3 5 35

wa 234021346392 0.0876 4 0.3 5 36 2.888 0.587 0rADESB02030656
0.2 5 37 7.343 0.1207 0.17003 4 0.9 5 39 4.024
0.1599 0.17801 2 0.8 5 40 3.231 0.91 0.11278 6 0 5
41 9.937 0.228 0.19779 6 0.6 5 42 8.268 0.2559
0.18042 6 03 5 457327 6. 20B08G 1 2 SN.P4566 46 29.122 1.1
0.0018 0.3386 4 2. 2276 49 1. 08%W50. 63810.0086705 £ 0.2 02
6 7794.484 41 03E-09.563 86254 2.2%2 6 8 10.193® 0. 7296 0.6
0.0937 3 0.4 6 9 1427713 0. 087430. 3036®233091. 2 ©& 10 0.9
15. 434 0.0656 0.348658 1.2 6.04% 13. 7501840121 Ot 32906 1.2

2 179 6 134918.939 1039129 0.838%0d7 2 1.90838 14 44 73 0.3
0. 0313 0.57222 3 2988266 15 02800068 0. 000409. 43168 3 2.1 7
6 16 2.947 M 3782 BR.ZAB355 3 002 6 17 29391 0. 21909 2.4
0.1%049 3 0117 6 28.%8527 0.5388050. 14164058 0.5 & 25 43
1.187 0.327® 0.09585%64 0.5 6188 2. 2010.3336&313 0.613323 0.7
3 082 6 321%.505 (436498 0. 1.898%033 0. 80.4183133 1. /8 3.6
0.6662 0.10081 3 082396 34 40386 0. 2560101718176 B 0.6 04
6 33 3.388 (k221 01193833 2 0005016 39 1027 0. 5688 1.3
0.16029 1 012 6 4M.w5334 0.9092 0.10248783 O 6 A1 0.7
6. 823 0.160%7 0. 23168303 0. 8 0.6000@64. 8820.€048855 0.919606 6.2
3 087 23 3.367 0.8352 0.09438 9 0.1
8 24 38.113 0.0071 0.31628 9 2.1
8 25 41.173 1.59E-05 0.56939 3 4.8
8 31 19.012 0.0328 0.22607 9 1.5
8 32 12.582 0.1866 0.18317 9 0.7
8 33 9.346 0.3874 0.15662 9 0.4
8 34 8.146 0.417 0.14622 9 0.4
8 35 38.859 0.0021 0.39114 6 2.7
8 36 9.343 0.1476 0.19179 6 0.8
8 37 26.653 0.0002533 0.32393 6 3.6
8 38 10.324 0.257 0.16461 9 0.6
8 39 21.056 0.0001641 0.40718 3 3.8
8 40 36.487 0.0002374 0.30946 9 3.6
8 41 89.41 2.35E-06 0.48443 9 5.6
8 42 291.551 0.0000001 0.87477 9 7
8 44 2 0.8335 0.08874 6 0.1
8 46 12.317 0.129 0.22021 6 0.9
8 49 6.647 0.3534 0.16305 6 0.5
9 10 77.742 0.0000001 0.45172 9 7
9 11 140.401 0.0000001 0.74348 6 7
9 12 2.288 0.5416 0.09492 6 0.3
9 13 62.774 2.09E-06 0.49713 6 5.7
9 14 37.057 0.0033 0.31187 9 2.5
9 15 38.768 0.0003481 0.31899 9 3.5
9 16 34.539 0.0008098 0.30348 9 3.1
9 17 40.929 4.15E-05 0.33578 9 4.4
9 23 3.411 0.8013 0.09499 9 0.1
9 24 20.339 0.0644 0.23105 9 1.2
9 25 8.457 0.0561 0.25806 3 1.3
9 31 30.049 0.0017 0.28421 9 2.8
9 32 35.137 0.0014 0.3061 9 29
9 33 15.769 0.0802 0.20344 9 1.1
9 34 19.147 0.1324 0.22418 9 0.9
9 35 51.752 3.02E-06 0.45138 6 55
9 36 4.423 0.578 0.13196 6 0.2
9 37 60.051 0.0000001 0.48623 6 7
9 38 3.153 0.5868 0.09097 9 0.2
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6 46 3.29 0.1665 0.16094 2 0.8 ©6 49 6.677 0.0764

0.23113 2 1.1 7 8 31.781 0.034 0.35373 6 1.5 79
waegnodassen 1326 0.25739 6 0.9 7 10 20. 839 0. 06BGI/US2002/030656

0.28643 6 1.2 7 11 19.524 0.0167 0.27725 4 1.8 7 13

26.387 0.0149 0.32231 4 1.8 7 14 56.535 0.0081

0.47178 6 2.1 7 15 35.982 0.0014 0.37638 6 2.9 7 16

9.628 0.14739. 196124°0. 8 3.31F06. 304 W88275 0. B614 6 55

0.59 7 24 440 855 071%442 0. 40902006 1. 4 0424285 2. 141 7
0.3272 0. 12985 2 (@9%6967 31 GOMOB10. 4210878155599 0.4 7
7 32 11.65 € 2162 185.200587 60.00090017 33 ®9339 0. 2984 7
0.18797 6 ¥® 7 3B.Y9196 0. B8#60. 12831256820. 5 B 36 1.4
20. 957 0. 0586 0.2858724 1.3 0.8@4W0 2004320367540 6 2.6

PCT/ US2002/ 030656 7 37 7.739 0.0857 0.17456 4 1.1 7
39 1.277 0.6795 0.10029 2 0.2 7 41 9.568 0.2562
0. 19418 cémBingion #8 4249 @ata Agt showd)73 0. 23709 6 0.9 7 46
8.358 0.0693 0.1814 4 1.2 7 49 1.735 0.4839 0.0833 4

5 0.3 8 9 98.826 0.0000001 0.5093 9 7 8 10 32.288
NOO 4B ssthg2@difidnsQorBbidatioBs dehod Brof5@rds. cotbindbond du2io 8B qency table
4v8uat®n,]fR d8scHb@l i tht dGE&red h8868. (6.g0fchueBy 1:®le4ABatGad a row or
ColoD283sh flebithdi2s 3.6 8 14 8.939 0.3665 0.15317 9
0.4 8 15 17.959 0.0501 0.21711 9 1.3 8 16 11.935

10 0.1999 0.1784 9 0.7
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8 17 64.303 0.0000006 0.42088 9 6.2 8 23 3.367 0.8352
0.09438 9 0.1 8 24 38.113 0.0071 0.31628 9 2.1 8 25
W@ 12003/p37530 59E- 05 0.56939 3 4.8 8 31 19. 012 0. PGRBS2002/030656

0.22607 9 1.5 8 32 12.582 0.1866 0.18317 9 0.7 8 33
9.346 0.3874 0.15662 9 0.4 8 34 8.146 0.417 0.14622 9
0.4 8 35 38.859 0.0021 0.39114 6 2.7 8 36 9.343

0.1476 0.19179 6 0.8 8 37IABLALY 0.0002533 0.32393 6

3.6 8 38 10. 324 RS REV-A\fie8ZbdesBold. Appligatdm 21. 056

0. 0001641 0.40718 3 3.8 8 40 36.487 0.0002374 0. 30946

9 3.6 8 41 89.41 2.35E-06 0.48443 9 5.6 8 42 291.551
OP@9I00001 Rps87477 ThrSa8 44 2 0P 8335 0.08874 6 MFL 8(-1)'logP

46412. 317 (%6129 0. 22023 6 0. Q00W0AD 6. BBBOBR 35346 7
0. 86305 6 095 9 1098@R6742 00.00®O0001 0.@45MWB2 9 79 9 11 7
148. 401 0. 0200001 @97.8348 6 G.OO@OAL 2. BF4TI 54169 7

0.09492 6 013 9 1346201/74 20.091B006 0. 4FAIBL 6 5.8 9 7
14937. 057 0130033 0.&7r87 9 228920065 38.4p88 0. 0063481 5.7

0.91899 9 75 9 166(%1539 00.00ME0DS 0.03BEZB 9 361 9 7
17940. 929 4115E- 05 203.88578 90.400000D 23 07498 0. 8913 7
0.09499 9 (21 9 2432207339 00.08#900. 23SV 1.2 99 25 7
8. 4567 0. 05610 0.258@83.3861. 3 Q.0GW030. 04D. 12617 0928421 7
9 P18 9 32935.137 101.68514 0. GOGM0O1 2. 9 0.98BB 15. 269 7
0.0802 0.20844 9 1.88.028 34 10.00060P00. 132458868241869 0.9 7
11 42 77.633 0.0000001 0.55285 6 7
12 38 216.22 0.0000001 0.92264 6 7
13 35 116.777 0.0000001 0.67514 4 7
14 34 251.36 0.0000001 0.81224 9 7
15 33 115.825 0.0000001 0.55137 9 7
16 32 152.447 0.0000001 0.63759 9 7
17 31 143.557 0.0000001 0.62887 9 7
32 36 73.5 0.0000001 0.54222 6 7
40 41 87.446 0.0000001 0.47908 9 7
41 42 115.114 0.0000001 0.54967 9 7
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9 35 51.752 3.02E-06 0.45138 6 5.5 9 36 4.423 0.578
0.13196 6 0.2 9 37 60.051 0.0000001 0.48623 6 7 9 38
w@23821346868 0. 09097 9 0.2 56 WO 2004/ 027540PCT/US2002/030656
PCT/ US2002/ 030656 9 39 29.409 3.35E-06 0:48122 3 5.5

9 40 71.856 0.0000001 0.43428 9 7 9 41 293.696

0. 0000001 0.87798 9 7 9 42 135.207 0.0000001 0.59571
9 7 9 46 15.979 0.0356 0.ABBBW 1.4 9 49 26.172

0. 0024 0. 32356 6GBufings of RS PFifwise Givbibizatiooh 48 x 49
(data not shown) 5 Note: m ssing positions

conbi nati ons denote non-scored conbi nati ons due to
frequency table eval uati gpg1 apHescri bedgioapt he
preferred nmethod. (e.g. frgquengy table tRat had a row

or colum |ength of |ess tghan . 10 57
2004/ 027540 PCT/ US2002/ 030656 BLE V RS,List - After
Threshol d Application Post Pos2 i-Sq. P,V DF

(-1)*logP 4 46 172.386 0.30000d1 0.83039% 7 8 9

98. 826 0.0000001 0.5093 9 7 8 42 291.551%0. 0000001
0.87477 9 7 9 11 140.401 & 0003001 0.74348 6 7 9 13
62. 774 2.092E-06 0.49713 6%.7 44 37 60.0%1 0.0000001
0.48623 6 7 9 41 293.696 © 000@301 0.87798 9 7 9 42
135. 207 0. 0000001 0.59571 907 M0 40 233. 286 0. 0000001
0.78266 9 7 11 39 121.6361Q0. 00BO001 0.97&65 2 7 11

41 88.023 0.0000001 0.5886816 741 2
11 42 2
12 38 3
13 35 2
14 34 4
15 33 5
16 32 6
17 31 7
32 36 6
40 41 2
41 42 2
TABLE VII
1% Pass Predictions — After Chain Elimination
Shevek Predictions
Posl Pos2 A\ -log(P) DF
4 46 0.83039 7.00000 6.0
11 39 0.97865 7.00000 2.0

12 38 0.92264 7.00000 6.0
14 34 0.81224 7.00000 9.0

15 33 0.55137 7.00000 9.0
16 32 0.63759 7.00000 9.0
17 31 0.62887 7.00000 9.0
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11 42 77.633 0.0000001 0.55285 6 7 12 38 216.22
0. 0000001 0.92264 6 7 13 35 115.777 0.0000001 0.67514
W@ 2004/02%4484 251. 36 0. 0000001 0.81224 9 7 15 3BCILS2082630656
0. 0000001 0.55137 9 7 16 32 152.447 0.0000001 0. 63759
9 7 17 31 143.557 0.0000001 0.62887 9 7 32 36 73.5
0. 0000001 0.54222 6 7 40 41 87.446 0.0000001 0.47908
9 7 41 42 115.114 0. 000QDABLBMIO67 9 7 58 WO
2004/ 027540 PCT/ US2002/A030&5és (7TABIE VI Goupi ngs of RS
Pai rwi se Conbi nations 5 Posi Post Goup 4 46 1 8 9 2
8422 9112109132 9372 9412 9422 10
g 4021511392 11412 11422 1238 3 13 352 20
14 34 4 15335 16 32 6 17 31 7 32 36 6

AR Table for pair-wise combination 4 x 46: AR Table for pair-wise combination 15 x 33:
C T G T A C
G 7.06256 -6.2979 -3.1727 A 3.99125 -1.6277 -2.8311
T -1.4114 1.4636 -0.128 G -0.9825 -4.7642 5.3681
A -6.4464 6.68465 -0.5847 T -3.147 7.88063 -2.8791
c -2.0042 -0.978  11.1803 C 0.33104 -0.9569 -1.4908
AR Table for pair-wise combination 11 x 39: AR Table for pair-wise combination 16 x 32:
T C T c A
A 9.41425 -9.4143 G 1.41824 3.78041 -3.3219
T 1.62498 -1.625 A 412878 -2.5592 -1.747
G -11.029 11.0289 T -5.3581 -1.3958 7.36468
C -3.974 -0.673 -0.7775

AR Table for pair-wise combination 12 x 38:
AR Table for pair-wise combination 17 x 31:

G A T Cc
T 8.8971 -8.799 -3.8721  0.26031 C G A
C -7.8618 9.44601 -0.2425  -0.2425 G 10.0611 -6.8655 -3.483
A -4.1568 -0.2033  11.2694 -0.0894 A -0.0334 -1.2764 -1.3349
T -7.8777 4.44662 5.12299
C -3.1484 4.78872 -1.543
AR Table for pair-wise combination 14 x 34:
G T C A
C 10.9198 -10.092 -1.9538  -0.9652
A -10.92 10.3922  2.08085 -0.9805
G 0.59811 -0.4612 -0.3161  -0.1562
T -0.9961 -0.9352 -0.1811  11.2694

60

G
-0.9961
-1.7667
0.51726

5.6541

G
-2.5496
-2.2694

1.8159

8.72765

T
-1.56385
4.43638
-0.3237
-1.0155



10

20

25

30

35

40

45

25 40 41 2 41 42 2 TABLE VIl 30 1St Pass Predictions
- After Chain Elimnation Shevek Predictions Posl

W®omH/0¥5400g(p) DF 4 46 0.83039 7.00000 6.0 BEI/LS2089030656

0. 97865 7.00000 2.0 12 38 0.92264 7.00000 6.0 14 34
0.81224 7.00000 9.0 15 33 0.55137 7.00000 9.0 16 32
0. 63759 7.00000 9.0 40 17 31 0.62887 7.00000 9.0 59
WD 2004/ 027540 " , "PCT/ US2MIZ 080656. _, TABLE VIII
AR Tabl es (7 of 7Mlsﬁlgﬂﬂeﬂ’cdhfcﬁmfmﬁn (:@mtputw se
conbination 4 x 46: AR Table for pair-w se conbi nation
15 x 33: CTGTACG G7.06256 -6.2979 -3.1727 A

e e S o,
6. 68465 -0.5847 1(n° 296 %“ 51726 C
-2.0042 -0.978 11(®P ey

5. 6541 ARTRGEhEagis; '&&P‘Pte ' aﬁ &C}ﬁﬁﬁég AR
Tabl e for pair-w se conbi nation 16 x 32:. TCTCAG
A 9.41425 -9.4143 G 1.41824 3.78041 -3.3219 -2.5496 T
1. 62498 - 1¥EPGHRFIFHFIBPGHEDABYY PRI TIIEGE ™ G
-11. 029 11. 028%Bcquertse AbBher-4B. i8 poHitly 36488ned:8159 C
-3.974 -0.673 -0.7775 8.72765 AR Table for pair-w se
conmbi nati on Rei¥nPBsitidds: a4 € for pai Unit/SBaracters:G-G
conbi nation 17 x 3l: GATACT 8.8971 -8.799 -3.8721
0.26031 CGAT Suggested Alternatives (in order):

T-A

C-G

A-T

Region/Positions:15-33 Units/Characters:C-T

Suggested Alternatives (in order):
T-A
C-G
G-C

3t sfesfe o sfe s shesfe sk sfe e ke o sfe s sfe sfe ook s o st sfe ke sfesfe e sheske sheske sfeske ke sk skt sk sk skskokeok

Sequence number 52 is possibly misaligned:

Region/Positions:14-34 Units/Characters:G-G
Suggested Alternatives (in order):
T-A
C-G
A-T
Region/Positions:15-33 Units/Characters:C-T
Suggested Alternatives (in order):
T-A
C-G
G-C

st sfe sk st e ok sfesfe sfe ook ok ofe ook s s e ek st sfe st sfeske e sfe e s sk sfokeok st sk sk kol keokokskok

Sequence number 16 is possibly misaligned:

61



10

15

20

25

30

C -7.8618 9.44601 -0.2425 -0.2425 G 10. 0611 -6. 8655
-3.483 -1.5385 A -4.1568 -0.2033 11.2694 -0.0894 A

WO 009834406 1. 2764 -1.3349 4.43638 T -7.8777 4. 4BGBLRS2002/030656

5.12299 -0.3237 C -3.1484 4.78872 -1.543 -1.0155 AR
Tabl e for pair-wi se conbination 14 x 34: GT CA C
10.9198 -10.092 -1.9538 -0.9652 A -10.92 10.3922
2.08085 -0.9805 G 0,59811 -0.4612 -0.3161 -0.1562 T
-0.9961 -0. 9BsgionPopdipns:13-33694 60 WOUrdSAJOeREA9G-T
PCT/ US2002/ 030656 TABLE | X M sal i gnment | nformation
(Qutput): 5 SEQUENCESSuggestEd AltéridativéesRmSst )Y

M SALI GNED: (note: sequence numbering starts at 1)
(note: position nunbering startsa@t 0) (The character
"#' denotes NO SUGGESTI ON PCSSIRBEE) 10

R IR e Sk S S S Rk S S S S b RO S b b b b O S S b b

Seguence nu : I.S: shbly msaligned: i
Regi on/ Posi ?lggglgﬁfiﬁlgggﬁ??s/ Char act %?f%a@Ctei%A'C
Suggested Alternativ in er). T-A GG AT 20
Regi on/ Posi ti ons: 15%@%%‘?’?‘%?@%?‘%?&(@%31@7
Suggested Alternatives (in ordQ’P T-A 256 GG GC
30 Sequence nunber 52 is possi %ﬂ% m sal i gned:

ook st sfe she e sle st she sk e sheske sk sfeslese sk sheoke ok sk sk sfe she sk sk she st sl sfe ok sfe sk sk s sk sk ke sk sk ek

Sequence number 73 is possibly misaligned:

Region/Positions:15-33 Units/Characters:G-T
Suggested Alternatives (in order):
T-A
C-G
G-C
Region/Positions:17-31 Units/Characters:T-T
Suggested Alternatives (in order):
G-C
T-A
C-G
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Regi on/ Positions: 14-34 Units/Characters: GG
Suggested Alternatives (in order): 35 T-A CG AT

woRe@io7sSRDsi tions: 15-33 Units/ Characters: C T BOI/US2002/030656

Suggested Alternatives (in order): T-A GG GC 45
R I I S S S S S S S S S S S S S S S S b b S S S I S S S S S b b b
Sequence nunber 16 is possibly m saligned: 61 WO
2004/ 027540 PCT/ US2002/ Osomm on/ Positions: 15-33
Uni t s/ Char act er s: GOorsigtpgespqpencalafermafiaives (in

order): 5 T-A CG GC Region/Positions: 17-31

Uni ts/ Characters: A-C 10 Suggested Alternatives (in
order): GC T-A CG 15
*Referm&***************************************
Sggremee nunber 73-GAGGETATELGART-sGAAYNe@TCEOACGTACGGTTC--T
Regi on/ Positions: 15-33 Units/Characters:GT

Suggested Alternatives (in order): T-A CG

Sequence Number 43:

Before:

_ZPU16993_cox2 = =m- GAGCTTTTTGCGGG--—-GAAA----CTTGCAAGTCAAGTTT--G
Afteri'

_ZPU16993_cox2 —-GAGCTTTTTGCGGG-----GAAA----CTTGCAAGTCAAGTTT--G

Sequence Number 52:

Before:
_BVSCOXM1 cox2 1 - GAGCTTTTTGCGGG---—-GAAA----CTTGCAAGTACAGTTT--G
After:
_BVSCOXIIl_cox2_1 --—--GAGCTTTTTGCGGG-----GAAA----CTTGCAAGTACAGTTT--G
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25 GC Region/Positions: 17-31 Units/Characters: T-T
Suggested Alternatives (in order): 30 GC T-A CG

WG 2000273004/ 027540 PCT/ US2002/ 030656 TABLE X EOr/USmOE0656
Sequence Information S Reference: Al Sgamma
- - - - GAGCCGTATGCGAT- - - - - GAAA- - - - GTCCGCACGTACGGTITC--T 10
Sequence Nunber 43: 15 Before: ZPU16993 cox2 -----
GACGCTTTTTGCGGG - - - GAAA- - TABEEIKICAAGTCAAGTTT- - G
After: 20 ZPUL6993Ppaax®s List (Cénisacd HITaBCEEG - - - -

GAAA- - - - CTTGCAAGTCAAGITT--G 25 Sequence Nunmber 52:
B0 €posa BVSEXkh1_cox2_1 p---- GAGCTM TTGCGEDF- - - (-1)*logP
- - - 15 CTTOYANGIACAGT T hoofpoo30 Af t @yg22s7 6 7
_BVSCOX|d 1_cox2ok ---- GfGedooh] TCCCEG -1 - - GAAK - - - 7
TGCAAGTACAGHTd 5045 63 \Wdoadfd4/ 0275405322 9 7

P / US2002/ 03085k, TABLE 141926 Pass RSk st (@npare 59

Tablﬂ V) Pogd 3dgos2 Chig-odeiooo V DF os1dy710gP g 4 46 7

1 1. 986, 000%914@ 82289 000015 45 1@8gods 00000H1 1 2 7
79 89 6. 6047:0743000001 o(hoB&B22 O 7 045172 9 7
9 11 140.401 0.0000001 0.74348 6 7
9 37 60.051 0.0000001 0.48623 6 7
9 41 293.696 0.0000001 0.87798 9 7
9 42 135.207 0.0000001 0.59571 9 7
10 40 233.386 0.0000001 0.78266 9 7
10 41 83.057 1.381E-06 0.4669 9 5.9
11 39 121.636 0.0000001 0.97865 2 7
11 41 88.023 0.0000001 0.58868 6 7
1 42 77.633 0.0000001 0.55285 6 7
12 38 216.22 0.0000001 0.92264 6 7
13 35 134.676 0.0000001 0.72816 4 7
14 34 254.139 0.0000001 0.81672 9 7
15 33 136.713 0.0000001 0.59902 9 7
16 32 152.447 0.0000001 0.63759 9 7
17 31 143.557 0.0000001 0.62887 9 7
32 36 73.5 0.0000001 0.54222 6 7
40 41 87.446 0.0000001 0.47908 9 7
41 42 115.114 0.0000001 0.54967 9 7
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15

20

25

30

35

8 11 66.466 1.319E-06 0.51155 6 5.9 8 41 99. 396
0. 0000001 0.51077 9 7 8 42 307.446 0.0000001 0.8983 9

WQ'2009/03340/ 7. 742 0. 0000001 0.45172 9 7 9 11 14RCH032002/030656

0. 0000001 0.74348 6 7 9 37 60.051 0.0000001 O.48623 6
7 9 41 293.696 0.0000001 0.87798 9 7 9 42 135.207
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Example 2: Prediction of secondary and tertiary structure elements of Phe-tRNA

using Shevek
{RNAs are critical RN A molecules necessary for the translation of

messenger RNA (mRNA) into protein sequences. The Shevek method, as described
above for Example 1 (with the same default parameters) was applied to a sequence
alignment of 41 Phe-tRNA sequences obtained from the tRNA sequence database
(www.unibayreuth.de/departments/biochemie/sprinzl/trna/ index.html) (Sprinzl et al.
Nucl. Acids Res., 1998, Vol.26, No.1., 148-153). The Shevek method resulted in

seven predictions given this data set; these predictions further illustrate the great
diversity and applicability of Shevek in two distinct ways. First: because Shevek
treats data categorically, it is able to uniquely and critically handle the modified
nucleotides that naturally occur in tRNA molecules. Shevek simply treats such
modified nucleotides as merely another character in the alignment. Second: because
Shevek is not a rule-based and biased method, it is not aware of the biochemical
conventions that distinguish secondary structure and tertiary structure. Hence, as
expected, it should be able to predict both structure types. Illustrated here is the
accurate Shevek prediction of a tertiary contact (previously determined by
crystallography and biochemistry) in tRNA.

It will be obvious to the skilled artisan that the position numbers
(which identify positions in the alignment) correspond to specific units in the
biopolymer of interest. In this case, the sequence of interest was chosen to be the Phe-

tRNA from Saccharomyces cerevisiae, because its crystal structure has already been
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we2@apts4®: Prediction of secondary and terti aP@I/US2002/030656
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Neither of these prior art methods, however, works on biopolymers other than RNA.

Example 3: Prediction of structural/energetic contacts and protein-protein interactions

in the HIV Protease using Shevek

The Human Immunodeficiency Virus (HIV) is a well-known human
pathogen with high morbidity and mortality. A prime target of drug intervention is the
protein HIV protease. The Shevek method, as described above for Example 1 (with

the same default parameters) was applied to a sequence alignment of 53 similar
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guanosine (G at position 65. In total, Shevek nakes 7
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wWo@p@4/027580 cal |y i mportant tertiary interacti onPGEUSEELI030656

the nodified n2G at position 10 and the G at position
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rotein protein
p8 1Pro of thg other monomer play a critical energetic role in the stability of this

homodimer (shown in purple and green); this interaction is therefore a prime target
for drug-based intervention. Because this interaction has been selected for (by

definition, since Shevek would not have otherwise detected it), it follows that there
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interactions. Again, it will be obvious to the skilled

artisan that the position 10 nunbers (which identify
wW@omuo2wE i n the alignnent) correspond to spekCT/U82002/030656
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%Q{ﬁttealin &4 bﬁ%ﬁfé{i&ls(ig%é &ita ;%}:seq%edictions are a second example of

the ability of Shevek to act regardless of biopolymer type.

In this case, the sequence of interest was chosen to be human Hb,
because its crystal structure has already been solved and thus provides for a ready
check of the Shevek method. The amino acids to which the interacting positions

correspond are listed next to the predictions in the Table of Fig. 11(a).
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Mahal i ngam et al., obtained from
hLt p: //www. ncbi . nhn.riih.gov/ Structurl/). Again,

wa@bdaohorrso Shevek makes only 2 predictions (100B6T/US2002/030656

accuracy), each prediction is of 10 great val ue. These
results can be conpared to the nethod by A nea et al.
1999, which is limted to only protein prediction.
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accuracy of 96% 150 of these predlctlons are base parings between nucleotides

throughout the molecule; another five are non-canonical interactions, such as A-A
Hoogsteen couplings. Of greatest interest is prediction 1268A-1311G which is shown
in Fig. 12A. Fig. 12B shows this interaction in the crystal structure. This 1268A-
1311G pair, which is 3.6 A apart, is a novel tetraloop-tetraloop receptor interaction —

the first such tertiary contact detected by a purely automated method. Similar to
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In Figure 10(b), Shevek predictions have been
hi ghlighted in colored 10 pairs in the crystal
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involved in a beta-sheet, while the side chain phenol of TYR107 sits directly on top of
GLY129. Arnez et al. hypothesize that TYR107 is required for proper histidine

substrate binding. It acts as a hydrogen bond donor to a glutamic acid and a hydrogen

bond acceptor to a well-ordered water molecule, which in turns acts as an acceptor to

the amino group of histidine. However, position 107 is not absolutely conserved even
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observation will aid in the detection of tetral oop
receptors that are less defined than 10 11-nt A

w@bauoziswe | i ke notifs. |d. Exanple 6: PredictiPeI/u§2002/030656
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Fowever,
ShpabletdfibRing tRMh & hy@f@gen B’diﬁl}doabsmdsaﬂ:vfﬁon Thist suggéstadahat a) the
analysis. To illustrate this, we .fo d, further, on

peletive retiremypt/for sejsinteractipds frmctign 1 Ydragen Rendipzien &4 for
%%sﬁh‘%étﬂlif_ﬂ%g%ﬂﬁa MestPRitidrsGre éb'ié\to si)h%r Vécchs fonh Mthe

stru ture (Arnez et al ocC Acad
SeperpdSARA o‘ﬂnamo?mu(rdﬂs dppicted freEig. ﬂéﬁ whigh damenstwtes that

cl.ose rox ty i nva

i inlest b coskiie & R ASKAURRIE TG i5r g nearly

%ﬁet ﬁerﬁic'éﬁf&:ﬁﬁ’mpeﬁ th@@ Bdm TRYYA3sitidh ez fﬁim 8l coli. Prior to this
hypot hesi ze t hat R107 is rqulred for pro

landymhth@stwugab@ffp@meﬂhehmeﬁg e H'Sfeams these Emh gapigws had
d.d t
B O e

tourma4-geus (BB 7TRNREE entioBiotkemitihe3@a0sHD30P 4 (11996)) On a more
hi stidi ne. However, position 107 is .not absolute
@%)@tlons with

m@lﬂm ipcrramply AEeSTRRPE9BIE PRERPRIEFBIHIISS

%%?g He%m?&@@# 1fféréilc§é781§‘se§\%ﬁ%'t a8 mdﬁzdz!za? position may
occu erna Ive a cysteine, histidine, or
@%Qﬂﬂamnﬁghlonine - reS|dues that are biochemcally

i ncapabl e of hydrogen bonding like tyrosine. Thus, in

the crystal structure of HTS fromT. thernophilus, in

Wa b1 fﬁ&&lb@&ﬂ HERERHcAS cBRSintdrRB1ctiar irders &ivRwiaat

afternative network of i|nteractions was proposed
Mmﬂﬂf HTS (Aberg et al ., Biochemistry

36: 3084- 30 19
posi tion 1%3V§ ﬁﬁ@é@@%@?‘g&e“@‘% r,&]ﬁgp%oé?g{tl‘f/‘g%nd protein

Rhi@racficis, aiTonswedahat SHEVEKedueldCYe bz@hb& dfredidt@ipyRIZA-protein
contai ns no conbi nati on of residues t hat doe

lintggnolgeilar igissagtieons. dipdest é}gﬁéam aligament r%} né) ﬁ sgc}uences, in
a%l%%lﬁ gﬁ:‘ﬂ 42208 RRNOLeq AR A GHRAR: to T 'c§rr§éfﬁ>ﬁ&§1tg%ﬂgﬁ&pﬂrotein

sequence, was generated. In addition to numerous, accurate secondary RNA structure
predictions, SHEVEK predicts one RNA-protein intermolecular interaction between
13-Leucine and 333-Adenosine (E. coli numbering). While the structure of the RNA-
protein complex is not available to evaluate this prediction, three lines of evidence

support the possibility of a 13-333 interaction: A) Residue 13L, in the homologous B.

71



10

15

20

25

30

10 selective requirenent for this interaction is

functional: a hydrogen bond oriented for substrate
wheodiozr§ao and b) these positions are able to sSRePUS2002/030656

occupations. A superposition of the two structures is

depicted in Fig. 13 C which denonstrates that this is

i ndeed the case: the 0 of ASN at position 129 fromT.

%ﬂﬁ&gﬁg@ﬂu}&% drSadcBssifi@sdriace tRRIubdRY3330ahad teeea shown toscross-
rom TRY at position 107 fromE. coli., Prio

linhitsitd SubatraicyRNg artdreside ners thercafalyis ¢eaic o é@%‘éftl%é“é# where

HIS f th t
e R AT S 8 b shas e
Chee #%ﬁowﬁ‘i) 18 ¢ 4edoldifor iQff e lidber D BA-Bd mapping to contact the

sl (Kurins Bxekep 6oy 6308 Hialats Beoa 200 bo LS of
pgt?tnmn} srgallg%cgs fhiP %tug&)ﬁére‘%&ngb g%lglg dd RAREd #RNEze dffie ali ent to

€s an erence erved at an indi vi
MO iydnoss, Wich RAy belund theeeandiinty. of Bxia pysidectipn. Np@@h@l@qsome

e bhebsmion TUNG SRSk CRLSHIEG Lo ”%ée}%&ta'f%gnﬂe

redi ct both RNA and protein
RN ?g%[%hélnlggltpfol | owed_that. SHEVEK Shoul o be”

capabl e of predicting RNA-protein internolecul ar

Famal SRR 2B "\ i each al i gned RNA
E?Et‘i.“ﬁe <Teiheie & avals Terer BTN TE B S k. o0
%#1 oﬂ%fﬁﬁ@)‘é%‘%ﬁgﬁ dakore RNRISHToU ¢4 AllsBows that these analyses

Icts one RNA-protein
dé’ﬂéc%d’fahﬁﬁg lotifers, ot étemtiarortibe wediwe3s (kG getigra @), where

D e n Ol AR Bl Aine SOl i R EH Eb e
Sl\ﬁﬁaltlﬂﬁ'(ﬁo%ﬂ%f SR eﬁl}o‘etNa@mcaHts&ﬁash |90e7376f7180 (thoBPeas well as a
e possibility of a 13-333 |nte ction:. %)the

R@sl;laﬂmeallﬁzt/upported h@emgﬂmb@awa@on?ofﬁm Bﬂ‘flﬂ’é‘*f@ﬁ
CT/ US2002
hepaiRptang Qorsasshdugie™ LY, Napr@B79:37.46 (1996) and

Séa%l& Hbfdwitst 9 szBf(leéhEIT%(F@BNA’é@GW%Bm de near the

catalytic center of ribonuclease ere .

cofact or | Eongasbiofidhs Heprolemsnplyzed awgl]x gl,%gng‘{(ﬂb?ﬁe tred
480 & écﬁ@t@ditdi nact

a’aniC}r ?,Plaeéhc%ﬁion&)eaé%éﬁ erE@%CQFa?é"wﬁQQ% r@éddﬂl ot infefac

n e mappi ng to contact t he A
aggai © &ﬁdﬁés \a]ﬂtd;e loaest eton(Gln theQpstistrapiarn BEisIg: fslaheréls%l 6

et o B 1L SERNBINER g b
%Llc?lg{gﬂ%l he gtfluc?ﬁ% WE BERTest MYl edula@Yuer a&éh)p’tb dcbeunt for the fact

céertainty his prediction. Nonethel ess, the
ammeqhbbamhmfemdomly ehdogingdwo seridiss that prpgpatipliy lpse is

has P 1rnesdma [ pro eins fian naazlr*g)éreoneg%e ReRief! b b8 isdcracy (red

area only) over chance is the predictive value of the method. As can be seen in Fig.

14D, the SHEVEK method results in a 50% improvement over chance, with an
overall predictive accuracy of 56%.

Other methods designed strictly for protein contact prediction have a
best accuracy of ~20% (using the less restrictive Cy-Cy cutoff of <8 A; as reviewed by

Lesk, Lo Conte & Hubbard, Proteins 45 :98-118 (2001)); however, a direct
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Exanpl e 8: SHEVEK Predictive Power To better eval uate

the overall predictive power of SHEVEK, an additiona
wda2oopoztsed ns of various sizes were tested. Fi geCT/U$002/030656

shows that these anal yses detected, anong others, an

interaction on the surface of the HV antigen gp 120,

where 15 CD4 binds, suggesting a possible inpact on tred

NChAtaSLEEiEIH eiﬁcmppmmms réd6itrib dnndreds
Ck’?%%%m%?%%m@tﬁ ComaaaRuioRRge 1767180 (1993)).
o predittionasistng algaihsbes( mporsbwm? Hhesizas fieratt

h fb
RSB SN TR Rl R bioed uppR e e acmr
%ﬁtﬁgs fﬁ@l&éﬁ?@ﬂt}@”ﬂlgnﬁeﬁlﬁld& dalysisi ts, J. Biol. Chem
0:30268-30270 (1995)). 20 For each of the 13

protei ns anal yzed, as shown in Fig. 14C (blue + red
areas), a prediction was consi dered accurate when the
residues predicted to interact mapped to residues
whose cl osest atons in the test structure were no
further than 6 A apart. The probability of randomy
choosing pairs within 6 A of one anot her was al so
cal cul ated using the structure of each test nolecule
(blue area), to account for the fact 25 that the
probability of randomy choosing two residues that are
spatially close is higher in smaller proteins than

| ar ger ones. The percent inprovenent in accuracy (red
area only) over chance is the predictive value of the
nmet hod. As can be seen in Fig. 14D, the SHEVEK net hod
results in a 50% i nprovenent over chance, with an
overal | predictive accuracy of 56% 30 O her nmethods
designed strictly for protein contact prediction have
a best accuracy of "-20% (using the less restrictive
Cb-Cb cutoff of <8 A, as reviewed by Lesk, Lo Conte &
Hubbard, Proteins 45:98-118 (2001)); however, a direct
72 WD 2004/ 027540 PCT/ US2002/ 030656 conparison is
probl emati c. Contact-prediction specific approaches
result in hundreds of predictions, using algorithmns
based upon known or hypot hesi zed interaction
properties. SHEVEK detects only a few interactions,
based upon the statistical signatures found only in
the alignnment under analysis. 5 73 WD 2004/ 027540

PCT/ US2002/ 030656 CLAIMS We Claim 1. A
conmput ati onal nethod for predicting intranolecul ar and
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5 internol ecul ar bi opol ymer interactions conprising a
screeni ng process which conprises: (i) a

W@ k@agzrsdd zat i on process; (ii) a threshold deteeTUsionz030656
process; and (iii) a chain elimnation process,
wherein said screening process 10 results in a set of
associ ation predictions for intranol ecul ar and/ or

internol ecular interacti@gnalM8 The nmethod of claim1l
wherei n the standardi zati on process categorizes

Vgngc:t_ed frequency tables and converts nonunifornmy
5% scores into uniformy scaled scores. 15 3. The

nmet hod of claim 1l wherein the threshol d determ ning
process determ nes threshol ds based upon distribution

of uni for gl yA$6akattissameshodior flediotiep mutchnodleqilasand 3
wherein the threshol ds are determ ned based

upon.
inemsoleelayfbidnodanerdntesastions (AREISHE %%CT%GPE}%FQ?%?E .Whé&‘
The .met hod of claim4 wherein the nmeasure of |ocation
COEPRSS¥edi an 20 distribution and the neasure of

di spersion ig) Aahddréizapicar pro¢ess;r ange of the nedi an
distribution. 6. The nethod of claimb5.wherein the
threshol d i sGd@uhresheld deigrpinime RIocsss Pfle i nter quartil e

range past atnhi i |aki @hetelitsai i@ eaniay frotess
range. 7. Thgglgé%ﬁ%%ggﬁ%:ug?bmﬁ%gﬁher ei n the uni forpm
6k 66l S@@T@sdosiation pragictiass for swramolemNaragdior mtggnatecular
threshol d determned by: -log P - Threshol d=3QV(p) +
INERRCHPRP- MULT, where 3QV(p) denotes the third quartile

range for 4 hepeshRhdd SR 1 Whirtip)ihelstandaedizbtien process
interquartile range for the -log P scor,

F; nd -dI\/ULT into
cppasaxpected fngienay tables amfh ORNETH HE aled scores

wherein Pi LT has a default value of 2. 30 9. The
WBRRY 5RIESEPTH 6 wherein the uniforny scal ed score

is a V thgeghehsetial € dhinedwhyreinathe thresitoldrdeteniiaing pracess
a constant. 74 WD 2004/ 027540 PCT/ US2002/ Oiseg65

10.
dtiermipestbresiaglde basedpomhistridrHon 2 THYs5E esfcgrﬁf‘t

val ue of 1y i BEUAAM RholhAbButioulirisind deibmined
chain elimmnation process groups scores greater than
bixee spei amedaire vfilovetibn andtarecashreadIPETseRt er mi ni ng
process based upo har.ed, , conmon |t 10080 lshefedian
et or m nesoa. ThehEEPEOLuEDL KRR pERieashR Bt odn Y
distribution and the measure of dispersion is an interquartile range of the median
distribution.

6. The method of claim 5 wherein the threshold is equal to a multiple
of the interquartile range past a third quartile range of the interquartile range.

7. The method of claim 6 wherein the uniformly scaled score is a -log
P score having a -log P threshold determined by:

_log P — Threshold=3QV(p) + IQR(p)*P-MULT,

where 3QV(p) denotes the third quartile range for the -log P score; IQR(p) denotes the
interquartile range for the -log P score; and P-MULT represents a constant.

3. The method of claim 7 wherein P-MULT has a default value of 2.

9. The method of claim 6 wherein the uniformly scaled score isaV

threshold determined by:
and V-MULT represents a constant.
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5 each group of scores. 12. The nethod of claim 2,
wherei n the standardi zati on process converts

waoeweser My scal ed scores into uniformy scaP@uf2002/030656

scores. 13. The method of claim 12, wherein the P

scores are calculated using 10 equations

DF=(1-1)(J-1) and DF-1 -Q @ e2 PDF = f(Q DF ' ~F1 2

? r CJ whgpeThe aRthod ofepimr Saviieran VeNEiohfans defaulazeluapf 1.
requency table; P represents a. prohabil.ity densi

for degredd. &pe W@@é&%\da@ﬁ} Vé]%ﬁf%lﬂ?lﬂ%%{ﬁflbﬂl%%a%’n éérlsé
= X2, .an ' i ishbld Getebshiniddygrocess
i 550§ Dipief Ty BlRRRIR AR I RS o

Hadddulodtshted Sdongmortsexitions] adi ther detérmipesropignaci Gassqgiation for

nmet hod of claim 12, wherein the P scores are

Qaahglmuatoéécqy%ﬁ-ng 20 estimated exact statistical

met hods. 16, TfbdiEdd i 2 ko he Wh@aQidivatibe process

esti mat ed-'éxact statistical met hod i s based on a
¢oppées carl o sinulation of a distribution. 17. The

met hod Qf clajm 13,. wherei n t d frequenc
RopRonaly sealed gofeynto i Sxlly Sprglfﬁig%gg‘%gcl aimi4. 15

or 16 wher g mhkhecthodetdeh 12, eturicthe Pt stbtes arscalpdatedusing
19. The nmethod of claim1l, wherein the threshold

etpheonsi ni ng process is 30 perfornmed on -log of P

scores. 75 VDZOOM\(/)V%)ZF?gi(?InEt é,U_tSﬁr)%éOSOGSG 20. The

met hod of claiml, eshol d determ ni ng

process is bF, -Q
Q 2 e 2
Por =F(Q) =—5¢

> (DF\
22T —
%)
where I and J represent dimensions of an actual frequency table; P represents a
probability density for degrees of freedom, DF, as a function of Q, where 0 = %?, and

y* is Pearson's ¥ statistic.

14. The method of claim 12; wherein the P scores are calculated using

Exact
Statistical Methods.

15. The method of claim 12, wherein the P scores are calculated using
estimated-

exact statistical methods.

16. The method of claim 15 wherein the estimated-exact statistical
method is based on a monte carlo simulation of a distribution.

17. The method of claim 13, wherein the expected frequency table is
Normal.

18. The method of claim 14, 15, or 16 wherein the expected frequency
table is Sparse.

19. The method of claim 1, wherein the threshold determining process
is

performed on -log of P scores.
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performed on V scores. 21. The nethod of claim11,
wherei n the pinnacle association for each 5 group of

w@ewnes7sie chosen first according to hi ghest PPCT/I82902/030656

| onest DF, and then highest V. 22. A conputati onal

met hod for predicting intranol ecular and

i nternol ecul ar interactions conprising: (a) obtaining
genomni ¢/ bizpahy Mesthaesobimnd , dateein the tideyhad Betennining process
the genom c/ bi opol ymer sequence data to an alignnent
1Brocess, wherein said alignnment process produces a set

O e R Y ER S scoftls! 9nment data; (c) subjecting the set of
%equence al'ghnment data to a conbinatorial matchin

pro 8 ess, Vitie Mhiemehodofiniaiini Ilawbeicil thawintaclegsincirsion gor each
data 15 | i catli. i i i :
Bt S8 8,15 0 L SRR LR g

ﬂgﬁ&t\ﬂ ndi cati ng possi bl e associ ations and the set of
séquenc

e alignnment data; (e) subjecting the set of
actual fre2uencympuihlienal methad erarrpdigting Béagwlecplgr and

obt ai set of.scores;:. .and 20 (f) subjecting the set
@;erglegp@]g%ergctgo&sggwpﬂ%m%r ocess to produce a set of
associ ati on gy ebfaBiih®FenoMigbiepolysrr sequssacdad;i on
information predicts, 1ntranol ecul and/ or

i nt er mol ecul 4P) BHREGINEThe Senomis/Biopplymer soiensg,datq 4 g
¢ . . ' .
BispfieRl Blobessy bl ald RichRA! S1608 BERRER 4ick BEboquence

fliesneandsai abl es fromthe set of actual frequency
tables; and (iji) .co

. d f . .
t2bl o5 and. adELAIPERBE firey ot Ut Be PG RaH Sfthip gombinatorial
%%fbﬁg?g pr8cesd AEnFER RAE Bhabflafdrial Aidt 1bbess ptdducafdathe

expected 30 frequency tables have val ues
delicating peshitdy associaneqgs; uY NuY n 76 WO 2004/ 027540

T 2002 O S B3y Py e
indicating possible associations and the set of sequence alignment data;
(e) subjecting the set of actual frequency tables to a scoring process
to obtain a set of scores; and
(f) subjecting the set of scores to a screening process to produce a
set of association information, wherein said association information predicts
intramolecular and/or intermolecular biopolymer interactions.
| 23. The method of claim 22 wherein the scoring process further
comprises: '
(/) generating a set of expected frequency tables from the set of
actual frequency tables; and
(i) comparing the expected frequency tables and actual frequency
tables to generate a score. '
24. The method of claim 23 wherein cells of the set of expected
frequency tables have values determined by:

Uy Uy =

2

n
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and colum | of the expected frequency table; n = sum

of all counts; ni+ = total of cells inrowi; n+ =
W ox0al027f0 cel I's in colum j. 5 25. The net hodP@f/Us10a2/680656

23 wherein the conparing step is performed using a

Pearson's x statistic. 26. The nethod of claim 25

wherein the Pearson's x statistic is represented by:

10 i u9 where nib = a value of a cell inrowi and

colum j and uy is an expected frequency of a cell in

whi¥ ﬂ%,-_(\%i@h AL approximbtidhel X pentesgedted Faeuragy pheslls in oW i
27.

he nmet hod of claim 22 erein t '
arstropuing ¢ of theSxperipdequrpedt tﬁ%@'f ? Ecﬁ‘ﬂ%’n‘g&f"g%{ég’g i % rtgn%Iregis
413D Q0 SCOL A0, MEDAtogsh ; The method of cl aim 27

scoring process further conprises
obtaining a V score using a Craner's V statistic. 20

29. Th t hod of  .claj.m .28 [ oS
stati s? [ (r:niﬁ slgherlg‘ﬁtihgg gh{’%&i %%%r?é/% %J‘th{elllgmﬁ n{g %tel?w\l{),erfg erd
1 [ ' tatistic; =th f

ugpg S BEr ol sun B nber "o rows: 3 = nuner of

col ums;  3RATH Ptriod b chlind 25 inhereii thedtdamson'sty” statistic is
returns a lower of two 25 val ues bei ng conpar ed,

rszﬁ}é‘sfeﬁ{eﬂ .is given by: Z (nY - UJz X2 ij W 77 WO
004/ 027540 PCT/ US2002/ 030656 where nl, = the val ue

of a the cell in,ro i(n,.;md,-‘):ol um j and ul is an
expect ed frequeﬂcy=§£"a—ﬁéfT‘in row i and colum | of

the expected frequency t4l e. 30. The nethod of claim
22 wherein the screening process conprises: (i) a
st andardi zation process; 5 (ii) a threshold

Gekepmni d\%ﬁl@q{ﬁ%ﬁﬁh réW flarld dolgma,/ edichiis @hierpersddi fegquency of a
process, erein said screenjng process
cell in row i and column j of the expected frequency table.

27. The method of claim 22 wherein the scoring process comprises
subjecting
the frequency tables to more than one scoring method.

28. The method of claim 27 wherein the scoring process further
comprises

obtaining a V score using a Cramer’s V statistic.

29. The method of claim 28 wherein the Cramer’s V statistic is

v - x*/n
" Vmin( 7 -1,J - 1)

where x?‘ is Pearson’s xz statistic; 7 = the sum of all cell counts; I = number of rows; J

represented by:

= number of columns; and min(-1, J-1) is a function which returns a lower of two

. 2. )
values being compared, wherein )" is given by:
2
(1, —uy

2
¥ =y,
i u..

g
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results in a set of association predictions for
i ntranol ecul ar and/or internol ecular interactions.

W@ 1004/0tms40met hod of cl ai m 30 wherein the standapdi/Est00n080656
process 10 categori zes expected frequency tables and
converts nonuniformy scaled scores into wuniformy
scal ed scores. 32. The nethod of claim 30 wherein the

w egg Gz h%éjvﬁgé 6f mlﬁ'ceﬂ IPFRELAR collghef andwsis bh erisdetsdds

Setl upon distribution of uniformy_ scaled ;I)res
&faend’yhef aedlhinctowti apd edlrmag ofer SPACEH ECAHEE HOIUs ar e

determ ned 15 b R O éxﬁ'ﬁ?ﬁﬂ @6ss @bBfhpéises:
nmeasur e o?o'&&? %ﬁ‘?(g?#] .ﬁrﬁgé%ng’ttﬁgg rgf alom 33 P
wherei n the neg;u%ﬁn&frdlhﬁ&ﬁipromsb;s a nedian
distribution and the neasure of dispersign is an

interquartile (la)rﬁgtbreélﬂ(’lflﬁ@te%gaﬂo $t% but i on. 35.
The met hod of i é? gﬁaﬁ% emﬁ{aﬁbﬂ t8sd WheeRPdaid bgeinipprocess

toa 20 nmultip e interq artlle range past a

résﬁit§ & L4t hdsecintdtgreditiidiisefor intremglesnlar mn@aémoleg@lar
he nmet hod of claim 35 wherein the uniformy scal ed

1rﬁcr@¢te0nss a - Iog P score having a -log P threshol d
det er m ne L8494 Bral Hﬂssm%éilma@\é(@])iardlzatwn process
| QR(p) * P- ¥h Wﬁere callp denotes the th| arti

chidB@iezck @kpdonel fréqugndd telles end aprersy naBwEiEnly W@% %Ores Into
|nterquart|Ie range for the -log P score; and P-MILT
undprelysatlsd &°%Bhst ant . 37. The nethod of claim 36

wher ei N P-JUtpflc RRghod oftefaph 30 wistheie t}m‘thﬁshola detehiming process
met hod of clalm 35 wherein the unif n‘lir})/ I ed Sscore
determinds thristeddrdiadedienoardistibigianof PR FY SR E Cae o

constant . 30,139, e drehadingliaion Bfsnbes SoTIbAeT

has a def hod of claim 30
&I §dh 4 Reastbabosdtioniandt incrasyoe of dispersighoups scores

e R o e b5 ahEmlind By B3lihs o
y 5 1 f the
IB%% Ségrgm{ugﬁgg(? ﬁne r#?%gﬁ@ ot RRPesivAris g irterguatile range of the

term nes a pinnacle for each
SE@UR disaibwsoar es. 41. The nethod of claim 31, wherein

h dar di
scal ed- Scopbelenmanapim 3 (AR ERRS BN R N
ﬁlﬁt@ﬁ? gftfhg %t@fqﬁhl‘ﬂﬁe raWbepAt B tHikiequartsle oangs odithe 1nterquart11e range.

usi
36. The method of claim 35 wherein the uniformly scaled score is a -

log P score having a -log P threshold determined by:
-log P — Threshold=3QV(p) *+ IQR(p)*P-MULT,

where 3QV(p) denotes the third quartile range for the -log P score; IQR(p) denotes the
interquartile range for the -log P score; and P-MULT represents a constant.

37. The method of claim 36 wherein P-MULT has a default value of 2.

38. The method of claim 35 wherein the uniformly scaled scoreisa V
threshold determined by:
MULT represents a constant.

39. The method of claim 38 wherein V-MULT has a default value of 1.

40. The method of claim 30 wherein the chain elimination process

groups scores greater than thresholds determined in the threshold determining process
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equations DF=(1-1)(J-1) and DF I -Q Q2 e 2 PDF f(Q

DF 1" 22F 2 C 10 where | and J represent dinensions
w@booan27aet ual frequency table; where P represePtBUS2002/030656

probability density for degrees of freedom DF, as a

function of Q where Q = Xz. 43. The nethod of claim

41, wherein the P scores are cal culated using Exact

b%ﬁtuéﬁfl isﬁ%:d, VehRRAositiBnd 4nd THee deeihists afinragierforigich group
ereirn the P scores are cal cul ated using
oésdor¢gmat ed- exact statistical nmethods. 45. The met hod of

claim44 erein th ti - OX Eﬁa&' &l dtodlprocess
met hod is aigﬂnstﬁ?oioﬁglﬁ%nggg’gﬁegégﬁ%ﬁat| on of &

c?ﬁ <l bution. 46. The nmethod of claim43, the expected
r

equency table is Normal. 20 47  The nmethod of claim
nagynifotmiy sctedsaeiceinto pRrEBIRsAEE F%Guency table is

Spar se. 4%,3, il“rﬁgm'gﬁltoﬁ od o Rfm 2l a3 thevh gEsedareo@lculated using
threshol d determning process 1s performed on -1og of

cusifmses. 25 49. The nmethod of claim 30, wherein the
threshol d deterpini ng process is perfornmed on V
scores. 50. The&?e"t&ﬁﬁé?"gfai ?HdZO, wherein the

pi nnacl e associ ation for eebeq -group of scores is
chosen first according toguwghest P, then |owest DF,

and then 30 hi gRgstf(R)# / 027540
PCT/ US2002/ 030656 51. Ag:rri ti onal method for
predi cting intranol ecul ar and 2i nt er nol ecul ar

i nteractions conprising: (a) obtaining

ke Fiand Hirepedeptiimentionrerfon agtehirequsycy ] Bhrtfy faeesents 2
. : . <

I?rglr)]gbriqigr/ elngi }9 %o¥ Hggrreesseo eeré&c?mfjﬁf‘?astaoﬁlﬂctﬁdﬂ' ocftQ, where Q=%".

43. The method of claim 41, wherein the P scores are calculated using
Exact
Statistical Methods.

44. The method of claim 43, wherein the P scores are calculated using
estimated-exact statistical methods.

45. The method of claim 44 wherein the estimated-exact statistical
method is based on a monte carlo simulation of a distribution.

46. The method of claim 43, the expected frequency table is Normal.

47. The method of claim 43, 44 or 45 wherein the expected frequency
table is Sparse.

48. The method of claim 30, wherein the threshold determining process
is
performed on -log of P scores.

49. The method of claim 30, wherein the threshold determining process
is
performed on V scores.

50. The method of claim 40, wherein the pinnacle association for each
group of scores is chosen first according to highest P, then lowest DF, and then
highest V.
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5 alignnment process wherein said first alignnment
process produces a first set of sequence alignnment

wa@l210a/0275¢) subj ecting the first set of sequencBCT/US2002/030656

alignnent data to a conbinatorial matching process
wherei n said conbinatorial matching process produces
data indicating possible associations; 10

p re par | ng alsstomputatonsd tmdtlncshﬁqepr;ethtlag pr@gam@@qvéar tafe
Eﬁ (ii a"tl}?ﬁg SOCSSI blle associ ations and the set of

N (s GEPESM€8) subj ecting the set of
act ual f r eque@mbta@bhggeﬁ@ma/bmnym@ spqpesdatay o

obtain set of scores; 15 (f) subj ectln t he set  of

scores to a st eubicelgngthe @é%@mlc ?noéﬂn%réeauem? fatp tq afirst
ﬁggrﬁg&tprgcr?s%?léé Pl%%éﬁaﬁﬂsfﬁl oGes§ gkcgi}lgéssa@ﬁfs@gét Qf

lséliu%hﬂ@blq,ﬁlhﬂeatd&aOpOl yner int er act| ons (g) subjecting
t he act ual frequenc t abl gs corres%ondl to t f| rst

set of assom@??‘&% lﬁgélil f 85 of pelugn g

RAIGRASHINE Heskeses
AL o i AR
mrmiaicegdmdnsimaruﬂglp@smw associnfians; t o real i gn sequences

Super sed; ng-« HPrpRaes st orarsEiBny AR e fediae,

and 1ﬁdl1lat[n%peat' ng steps (c) through (f) in
conbi nat i on substltutln% the 25 second set of
smqmbln@esoaialtlgnﬁmdtth@aﬁtt@ pesfuendeealignment dag; of sequence
al i gnnent dat c C
i nformati on, ée(R{nque gest ggo g%tqﬁsicyg;sbé@gat %Cgﬁhgﬂmcess
itabafanatsémswregjl cts intranol ecul ar and internol ecul ar
bi opol yner i nt er act| on 52. The nethod of clai

wherei n_ st eps(Q g0ies# ﬁs%t%f Ses ockSsReBge RRget to produce a

BRI BsR ol huB Rt T befth AP it pation predicts
tihearmolsall gk tintpaod ecsdar fosedoener mt@rqgtlomes (i)
generating an AR tabl.e for eafgr act ua

table; (ii) (2) swbisciing the aciiaf Tequency, 8§ﬂo§d1|nﬁ t%the first
Me%s%on@nﬁﬁhﬁ&ﬁf Yo £niddliShibhtGRé @GQWMel‘éﬁﬁaﬁl RMifAlignment

cell of an AR table having an absol ute val ue
process produces misaligned sequence information;

(h) using the misaligned sequence information to realign
sequences to produce a second set of sequence alignment data superseding the first set
of sequence alignment data ; and

(i) repeating steps (c) through (f) in combination substituting the
second set of sequence alignment data for the first set of sequence alignment data to
produce a second set of association information, wherein said second set of
association information predicts intramolecular and intermolecular biopolymer
interactions.

52. The method of claim 51 wherein steps (g) through (i) are repeated
at least

one additional time.
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of less than or equal to a threshold value ARTHRESH i s
categorized in the M SALI GNED category and wherein a

w@edos/ozifs4@n AR tabl e havi ng an absol ute val ue P@OF/US2002/030656

greater than a threshold val ue of ARTHRESH i s

categorized in the GOOD category; 10 (iii) using the
cells in the M SALIGNED category to identify

cor r espondsNgheinsdhdedaisetly emeesn theimipaligninregt progess further
cells in the GOOD category to identify suggested
edmpesest i ve alignnents for the m saligned sequences,

and (v) utilizigg th : gddhv“RtRl Fgqieay sable;
to produce 15 @ﬂe sg%r%%&gzggggdgﬁb? nment . 54@@%

met hod of cl ai n{iB3, udtegorizingsmtihiredae talfg in & IS AW GNED

Gy o (0D eatf e S5qiio A AR alR Lo ilBie value
tBig {Eg hgﬁﬁ’ak% eqﬁaﬂti d thieshold vali AR TERESHE bategutried in the+ =

ells inrowi; n+ = total of cells in
MISATAGNEDéategory and rehereintdheslloadlan ARy tablshavingan shsplutmvalue

j. and _ni+n+ | Uil .o T hm
b S e A DR ht ARTRIRERH s et o GOl
gge%&g;,e met hodI of claim Sﬁ, wher e: n three cells ha\éi ng
hi gheSt AR values in each AR table ar tegorized. in
the GOOD cat egofiii) an#sipg & eefls H‘o’&‘é é\@%éilﬁﬁﬁg PYEETE S

t hat..exi [ jt.ions corresponding to the
2:‘2?“%1 .@%pd@éﬂ%#éggﬁgfse%lkﬁ%& wherein a sequence
is identified agv)30usingahd giiedh it GAOBkata@ory to identify

2004/ 027540 PCT/ US2002/ 030656 .contributes at, | east a
SeeP i EReAERG ESREPEAT. (g SRFUEE! 1B SAR e

category. 58. T _nehhﬁgingfthé:sluggéﬁ‘teﬁalteﬁﬁﬁb@ aBgidaémsitd produce
value for REPEAT is 2. 59. A conputational nethod for

phicesbicond sequénce rkhgwhegul ar and

54. The method of claim 53, wherein each element AR;; in row 7 and

column j of an AR table is generated using the equation:

AR, =
’ '\/ﬁy(]‘ - p)1-p,y)

where pis = 1/, p+j = Ray/n; 1= sum of all cell counts; #;+ = total of cells in row i;

n.; = total of cells in column j; n; = value of the cell in row i and column j; and

i i n
55. The method of claim 53, wherein ARTHRESH has a default value
of 1.0
56. The method of claim 53, wherein three cells having highest AR
values in

cach AR table are categorized in the GOOD category and predict molecular
interactions that exist in nature at positions corresponding to the cells.

57. The method of claim 53, wherein a sequence is identified as

misaligned if it
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5 internol ecul ar bi opol ymer interactions conprising a
m sal i gnment process which conprises: (i) generating

warooAR1sabl e for actual frequency tables of a PET/IS1002/030656

sequence alignnment; (ii) categorizing cells in each AR
table in a M SALIGNED 10 category or a GOCD category
wherein a cell of an AR tabl e having an absol ute val ue
adntligses 4t et ospeeifiedinutbern RBBH;‘%B@E&S tpcthe MIRAFIREED | s
categorized in the M SALI G\NED cat egory and wherein a
e8E3°THf an AR tabl e having an absol ute val ue of

greater thef mhetrhiBSNOf dainpb 1 evtete ARTHRES e for REPEAT is 2.
categorized in the GOCD category 15 (iii) using the

cell's in t5e Ab@npwaiEp! sxetheddeypredicting cular and
ngre 43 d| ng m saligned sequences, (iv) using the
‘W he GOOD category to identify suggested

8ldp d@%ﬁ)@& iﬁt@flaaidrﬁ mmﬁh&nfg@rmltshggmeaapnogm dvh;'dqqlmnmiws
and (v) utilizing the suggeste nativeal|
?secéwr%&&?&"f@é tl‘? ﬁ%’”%ﬂfes ofa

to produce

uen t method conprising a m saI | gnment
%fgé%asu%gce\?\%# cgrrpri ses: (i) gener atig&g an AR tabl e

for actual fr eq(ue)wcy chtapdrizmngéella in édch éa’;dmmMISALIGNED

2'@.493&5.6%@ il ee Tt lo AR A5 Ao value
Felrﬁ hrzl? @f E&lat tooéf tHREsh6fd \;aﬁkél ARDBRIBESH is @Btegbﬁiﬁduh ehe

s than or equal to a threshol d val ue
MISHEEEEGNEB categurg gml iwhextin mcelhef am AALFinRTyiRg R glsojute value

wher.ei n cel.l.  of
Pl e Raegfor i 3P ARTALRET 1O s FAPREGPT
G150, e D ooy () i e
cor respondi ng ni(8al i gﬁﬁ%tb"e @%@%Mfﬁﬁﬁ‘?@fﬁ
2002/ 03 h [ t he GOOD
&&Tné‘gs ‘i}'r?sgomglg%?“sfay s%dg% ¢fed alet g?natsl i/g al |egnmsnts
for the msalignsg sexsugnhesellsamdle((\}@om¢at¢m§3 idpetify

suggested alternative a gnments t roduce A second
ﬁagﬁgﬁé@ W’@%}ﬁnments or emlsahgne quences, an

W) utilizing the suggested alternative alignments to produce

a second sequence alignment.
60. A sequence alignment method comprising a misalignment process

which comprises:

(1) generating an AR table for actual frequency tables ofa
first sequence alignment;

(i)  categorizing the cells in each AR table ina
MISALIGNED category or a GOOD category wherein a cell of an AR table having
an absolute value of less than or equal to a threshold value ARTHRESH is
categorized in the MISALIGNED category and wherein a cell of an AR table having
an absolute value of greater than a threshold value of ARTHRESH is categorized in
the GOOD category;

(iii)  using the cells in the MISALIGNED category to

identify corresponding misaligned sequences;
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5 61. A sequence alignnment nethod for aligning
bi opol yner sequences conprising: (a) obtaining

w@emwen2sabi opol yner sequence data; (b) subj ectPeiyusive2/030656

10
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genomi c/ bi opol ynmer data to a first alignment process
wherein said first alignnent process produces a first

set of sequence 10 alignnment data; (c)_subjecting the
first set of se@ﬂ%nc@sﬁgﬁlﬁﬁ?ﬂﬁtngﬁép@a%tégoryt‘”gent&y
conbi nat or i al r@{ chi &f Slgles@k:tnd
éggﬁ?ﬁﬁg%g?rflgﬁlw e c%eﬁ% fg{@ggg%ﬁé%r od&cgs .a’ first |ist

of conbi nations (¢f pasiitingtie suggdsicipileyrative shgnneenteto produce
data; (d) preparing an actual frequency table for each
@fseqang sequsnee AR -ons of positions in the first |ist

of combi nats pg%egjeng? gﬂi%dn%ﬁ%meﬂf%h £S5 Rl lﬂ@}g%@fﬁﬁr sequences

actual frequency'ta 0O a scoring process obt ai n
aomPtisiag: scores; (f) subjecting the set of scores to a

screeni ng process,t.o produce,a econ i )

conbi nati ons é‘? %&WE%%?mWé?p@;f}ﬁn?rhsgq%eé%%ﬁgtfai i st

conbi nati ons ?,f) suBfecRRS thel geidmieMispotingercdidionafitsoaifgnaient

positions that "are highly ordered, (g)_subjecting each

aroagsy whereigureitchrst alignment piosese gradyeesehirst gt of peduence

cgnbi na%t 'a ns of positions in the second |ist of

I RE PSR positions to a msalignnment process

wherein said (g)sabjeggahs fipt ot of sequenatudizament dad toof

m sal i gned sequence informatiQn, atr)ld vvl‘te&i%i n .said |ist

sompingETial ARG PIOGFSTAIICEA S2% CqrabiRalopALpalahEe PEpeess

?rbcgﬂgﬂﬂ Firdd :1@1! JE S mbANHiohddf H3itiods I GoPd1SAkt Sifence data;
equence Information to realign sequencées to produce

a refined seq@dneepairgpmeetital fré@ienthtabirefoneathadf the ai m

%m\gﬁlh%gbg?f ! %Rfoggg% t}%%gtq%gat( (%xb%zﬁiornse B Sés?t%nsg n

(e) subjecting each actual frequency table to a scoring process to

obtain a set of scores;

(f) subjecting the set of scores to a screening process to produce a
second list of combinations of positions, wherein the second list of combinations of
positions consists combinations of positions that are highly ordered.

(g) subjecting each actual frequency table prepared for each of the
combinations of positions in the second list of combinations positions to a
misalignment process wherein said misalignment process produces a list of
misaligned sequence information, and wherein said list of misalignment information
is an indicator of alignment quality; and

(h) using the misaligned sequence information to realign sequences to
produce a refined sequence alignment.
62. The method of claim 61 wherein steps (c) through (g) are repeated

in combination at least once.
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