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A COVPUTATI ONAL, METHOD FOR PREDI CTI NG | NTRAMOLECULAR
AND | NTERMOLECULAR Bl OPOLYMER | NTERACTI C]\IS

wo 20875 f! CATI ON The appended source code, +s°2 @%30(\(
integral part of the present dlsclosure |nc &3
listing of a conmputer program and rel ated data
according to one enbodinent of this i nventi on. This

A CapfRITHATTGNAT CRBIMIED FORSPREBIEBING Wk ANMOMECE AR AND
copyri giﬁmm@m@m@%@?@i [&’3@%{}\ 3}5@ e
reproducti on t he

objection to the facsim
pat ent docunent or the present disclosure, as it

appears in. the Pahmaé‘i@en&rk O fice patent
files or records, b ' reserves all rights

t herein vvhatsogver BACKGROUND OF | NVENTI ON 15

Pr oj ect SP&FRRASH %ﬂ SQUERS codeydrieh ﬁgmdﬂteeml pare og‘ﬁnqnmsntof

d1scl@§u9@nﬁc§ﬁ@es%QEt1 F{eg‘ﬁ @glt @Jol ed, df ﬁ%g‘lﬁ?ﬁﬁﬁ@ ingo one

coul'd potenti a
embadiyaented Hin i II”S/WBHQli Tiud :ippf:mﬂwtsb@ﬂ&e c&ﬂ'@ccﬁfsﬁﬁlt&fa \Kﬁ"ﬁ%‘%ﬂ:h
"functional . genom cs' and al so

ferred to as
copytﬁ%ht SUbséé e@} SR Y BY ovgeh bt nocebiegting tathefacsimHer i ng t he
reprod@aionldbfelhe patoHiAUoBRh LR Dr ﬁ'i%']frrégeﬂteﬂs c}qugg N2 ’fteap%ga ?ﬁgt

and at using that information to di Scove
Pafeq%e%afﬁdgwgrko@ffmmatmmm borecardd, islit oeRs&ish *be0)9 AN righls

thereﬁrvﬂ'gf’ there are three known approaches for
ct| ng i ntranol ecul ar bi opol yner interacti.ons
(| ncl udi ng protein and RNA structures) which include

(1) conparative nodeling, (2) fold assignment or
t hr eadi ng and MNIIONst ruct ur e

prediction. See Sanchez et al., 2000, Nature
St r uct dr@kctBamhalgt iNosequatlingQIntiSHRAbme 8Po2AMsmd 05

ghus far, the nobst accurate

Lai L ed. and
Pro‘“daTB‘%&adgegﬁg °§‘%a%%%'q’f{8%0 ©PYd Prisadriinisaden & heﬁtewmﬂereisncﬂmg of

the méhshigMiBAte]l BREHERNC
mbw l'ding and nmod gﬁl gl\rl/i%rggﬁ%%&r i%c%anc gtgfﬁs ijl‘mcnonal

genomip@nd wso kinewstas isttuehahl geﬁomio@gadni‘é(av dec%ﬁl%ngSH@ﬂEalth of
| Senper

f
intorn i 20l o SR e il Bipmng B oo ram 2bwove

the mBhiutimas AlelBfumdlion HiedifabdyAf18gsi gnment or threadi ng
approach assigns a fold to a ta get sequence by

al i gni A@preﬁentmhﬁw &‘rhélrtmistowmpp:&ichd‘.ﬂ for fsredigtingr ot ei n
of.. al ternatives._ See | oi ns,
mm%g& bopohhy &%ﬂfﬁ. Sél“f’h’éirtmptem #1d Rhg. ymetumesy which

ludt) tV Noodef 2
inclu (]S COH@‘;?;I gf Cghg%zc)t ﬁa@ass%ﬁ_rmgﬁg rt?dé}b%gi%d %1% p@g%}?{u%

proteugﬁm}lgg priirtiopcreSanher 03063600, Nature Structural Biology Nov.
2000, Suppl. 986-990. The most detailed and, thus far, the most accurate approach is

comparative modeling 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. 5,436,350 of Eisenberg ef al.;
and U.S. Patent Nos. 5,557,535 and 5,884,230 of Srinivasan et 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, 10:371-379; U.S. Patent No. 6,125,331
of Toh; and U.S. Patent No. 5,878,373 of Cohen ef al.. The ab initio approach
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attenpts to predict the native structure fromonly the
Sequence of the protein. See Baker, 2000, Nature

WO 20{}_&@%&42 and U S. Paten! No. 5,955,; 84 of ﬁ%ﬁ%ﬁ‘f’z%ﬁ“

(71) initio approach disclosed in U.S.
5,958,7%4 is protein specific, biased, and rul e-based
and is discussed further bel ow. The present invention
aft@lept@l i predietithe mativestaleturb fivhd doly appicgaatte oBatdprblen. See
Wﬂ?ﬁa&'y 42%83%9 oach and the fold assi gnment
w407 et Ao 8455 niB ot
mzm réah GFRREN | Rr.9L:
st?ﬁttures to dg?g?%?ﬁ%ﬂ}ﬁ?rg§5 ‘%ﬁgM&F%& emfgﬂgwydzmd
rulgrhgped @ndistdisaypsed farthebetont. IThethﬂdisEﬁhdvcmml i98#écted to the ab

e of a nolecule, Since it is likely that
t
“’”?‘I{@?e ére many 10 undeterm ned folds in the sequences

of genonBsthahe MafipRuSy SR HN %protaa‘?ancpﬂlmf@lrdaatsélég ment or
thlqr%ﬁdellng pproach and the fold assignnent approdac
1P apaiopch sre Lgaitedyipithit daeyihenisg crammamnsmsawdh ffmlﬁ@bflaﬂ)wn

proRin ﬁﬁfﬂbﬁr%‘ d}@ e esintrf?ﬁciglte F]lé[al ¥ %?)i?lg ax\ﬁgL nﬁeli;r} chlgegall

novel erefore
tmﬂﬁhhﬂ@ldlgnahﬂpmnae of aapslbdga b$1ﬁc€f Rhs KN tHAE meYe are man

ddeter gﬁ&%ﬁ uences. However, the ab initio approach
undgigrmpn %SWP@Q%fO@g@mmfg@nwmrgwapm theabl e

conphife hbaeﬁﬁéﬂp}%[oﬂ%\ﬁg g ?d éﬁ% fih %g)rl %Bébglﬁ‘éél fgltl an

presently aval'l
detqmmlm&fdie swugiaret ﬂﬂdtﬂlmtlcﬁlyﬂeiﬁin@fbloﬂ@ﬂﬁﬁ@%yfﬁﬁé(ﬁall);r ﬁl%s@@nth

a ene ally focus on attenptin
comg%lrterl ?Y@ @%@ E ere é‘? it eaqzlg/mérgq WRACE 1yt betbetom mapproach
appliRHLEPERSS érda deRdrBet, dfs% ! g
usual |y t oygchll%eve an eR éf%g%tﬁgrr%%unersﬁgné ""}c{fo approach
has yfar, nejthierntoforst begn generstly Gpplicablewinceiits r@lit heveigsh MR ate
000, Current

f
ond BEHRERS MRl iPirb e pes e dmtes7o posisaias s of

ni on

blopblymefr@ Thel @ ikitio aBPioaviess %@nﬁ&@f&hs Bﬁ §§?]1{1{5'1§ﬂg]1§) d%grccﬁy

been argued that it is unlikel
asmgnﬁpﬁt}iaw HsHBa &N miptein @GU@-CW aEhﬂ T@@et fctromd:anmgﬂ‘nl accuracy is

usuaﬁgftcf é&ﬁé?f'ctanmggg(ﬁy | %18% 1 s Y I ge 185 Qfaﬂt fc’ %%s hpwevcr

initio appro

the bB#tdlMSE}wehmeed @s $pas 6 ﬁQf T dn%é Q‘O@Q @lh‘?@lﬁl(yﬁﬁfoﬁs EJPSI{ uctural
| €s

il G A RS 5t e assmntb s 6 A, s
been ﬁf@l%a W a6 Lisliddly e e n{tz%v % pt%ﬁ ﬁi}ﬁ g%r%m tgw with

and protein sequences
sufficief@aenrady for retimegenemaknalggis.abi | ity found in

sequen(ﬁ nd,.have no effect on function.

Di sadva ?éaﬂéﬂiféo ARRraghdRLoIvessingthy é(ﬁﬂathmlmésﬁ sequaice

spacedéft rela%ﬁll:@éi:ﬁ)lﬁﬁctfslﬂ@ﬁféd% 1ntctfa fidHsS TR 1 %18 dc\é)% %nécrhcs

S|gn|f|cant enoug ave an e

this agpigash isms dellgves: g(éomstmht nmttmonagﬁess&fa dvayathee Bl £ver
gous nutation may he

a“e“ﬁ'%ﬁ’ﬁ]%ﬁ@dﬂ ﬁ%%‘ﬁ%&&‘lé%?g% o RGHE Ao pvatsamsbat br
the gdnopal VRGNS f@ﬁn@m%qﬁﬁices 3 ha 2O 08 f ; HiopP! nd

together for the protein correc one
DlSanélgqaéff?lI§ SR N e tb§/ nae atiploss, arehielopiriviug itd fitRMos! I this
d1sadpf§1t%Q 1§s1blqlﬁfc?ﬂltdenlolf1gﬁ rfte m%t/ HaeJc arnecquc%p orll tshccor;ggn%serg alt Inargae 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

b



10

15

20

25

30

conpensate for the first nutation - e.g. if the first
mut ation results in an increase in size, the second

wode/b%i(Pn m ght conpensate by decreasing in ?(Eﬂﬁsznﬁ::m:mso

G ven that many functions within a cell are necessary
for survival, there is a great deal of evolutionary
.pressure to conpensate for deleteriouos nutations. In
biggl tggethestlor de arageintp dpldicpmectly, i drle region Isathahgeichy @Btation,
| obin fromdifferent

S R T .

compaisatRdestht fednautdii e Ne, § e HeSRsBfutdgd re@ﬁltsbﬁta\{‘ﬁﬁ&egs%qﬁ
of the different species. The 10 mpjority of these

s17G.4hp §5908H Buitienameht eospansaé by dbemasimpinaidcons. However |
sonme of j may...be del et eri ouos, . but are
conpensat e fq g?tqﬁ%/@afggﬁoe. ‘%ﬂf%fl |C Lﬁ’ie DG dpr survival,

thegy/Brat geat Thal of esdrtonay pishe8 td Sorihtis4t8 BaH deld?¥rious mutations.

mut at.i on- apnd- conpensat i hg-nmutation, i.e.associate
In 355t é’{r el Q*?H?}é’gpefﬂh%lf@ st funeiipndas exasanle.dhe prageint o

myblobiu? forh BARSCrTH A 0Pz $akind-ut at i on
y\t?/jgri ations cfialg"ﬁ%e efin gclgéslﬁlaéé‘?gg'glsr‘{anﬁ%‘ﬂl-]{’%Wa?}}ﬁ%e
sequernse ifamedigivenisries ns wetlanbeandn Badi Jfahd diffskatt is s. The
Becau assaci.ated nutations occur., by definition,
mafgREOF G RO sctie thegot @i oils tionskiavay or.satme of these
muBSisSacmay bR bierided, 86t Sd- E f ciation
IS si gn?fi cant 1and_ i mof?ggt@%dﬁﬁﬁt?gh&?@%ﬁ%g SYgtor
evepiss (Thipgems vareiante tisr meilbofmniatibwdsd-andpaistengpttdiion,
i.e.%@oﬁiate%(?n{tht? ng,.’ it is helpful to first I nt roduce sone
asic concepts and term nologies. First: a sequence

al i gnmerthushibelgdails mtEEIsShAQEeASt B wilz0dst Xnuldtion-and-
rel at ed sequences, in which each colum represents a

compepsatingputyigy arigHorgerndwasfinedesdaiéciihg mentrandomg asnciated
- > m no,aci ds, nucleic acids, etc)

oSSR ERBEARRY (L 86 o Do P, B0 05 ot

definfian, wbei function ddeds to bd feis@oad, vientdes ¥Rt iQQ%tected,

. ipitig approach.is 25 to detect which positions, by
wsolféft:‘f gt_%F ﬁggr‘))alﬁ{looﬁ {Srﬁé@“gﬁ%&’é apd iraporanblodupgiiant i ons,
cont ai N 1 FRPE BsEndiatd 8 ?rev msﬁét%%&s..aiﬁ%ﬁla%ppsem this

appreciated that the terns "Corre
field, gigy helpbid itwfirst intodneesaebhsindoatépnand (ARBWEgiks] Pitst: a

I TN R
whi¢hkaRh cORnAEIpe TREA 8- HELHiSh hl&peasqﬁlﬂ?\& L GiftbichE {eﬁgg&%

| n meani ng do exist, however. arid ererore
Secqngls Fhageqiess (anine paigs, askiciads, et} tandccul ot @ich@okieivh ar c

I use... i nconnecti on_ wth the nethod, WO .
reprlef i 088 fudhotR oo M aeer Hhscveecelnd miria gressh is
to daéctagiagicaitos, Byt RidOhe 6 the aﬁﬁé!ﬁ@ﬁtﬂé@ée'gﬁgﬁioﬁﬁ,.co taj

o.ct%;irl ng.in three generic processes: First, a I St ot
asso YIS nbiiHk Lt B19uld ke anpecrented Gdt thStarmscoohtlaasi,bns
2 ; | Lnt-eractions.. Second,. eacl) possi bl e
co R RSl b AL S BiioB - Boerifiomay egouted
mutation! gimcraorir areald dserpadyPoMAE Linidtdber? JRIATRL LR
Comal %O[‘I t hm t,gl?ts%]gnal yzes the data at those positions.

e mpiel flg gifferences 1o 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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are then screened to sel ect the actual i nteractions
(which are the predictions of the nethod), fromthe

wo 280 gish@l 1ist of nerely possible interacti oF U 2002/0300«

Previ ous net hodol ogi es di scussed further be

focused their attention primarily on deV|S|ng

different scoring algorithns, nost of which are

bi ased. TIB aBiuabdatatiobef assdefatidanttationssia B byndPhalized as
reconCﬁEtlons about ho ymers and their

bi |
OORSHEE 1 {TEF: ERpCRgressey :e(tféf:s gétgt ofpgsitiopgapibdatipes iss a
geiir@e@NSRRAtcbMIbidaRats dbnr@ﬁ:tﬂo\é bk i %ﬂc@? J:o%%g% ;%21 0551

interact with positively c ar ge
interagtics tiencamitivatione! atgsmpnﬂ) esﬂsslgmed hec@e baseﬂgmwlmﬁaﬂar

" |,s accorded a score
sl fRes B Bt Y R ahE B ot S Pesihone e ks pcores
aresthlﬁhsdi‘mnlad) #Bscldce ttféla@ﬁﬁljmterzléHhQ k\%h#%ﬁ%?éjthggtéaﬁ‘ﬁms §P'§)IE
ﬁ gi rul e-based nethods work by the assignnent
methodd e theogiginad listofanerplypossible ivleeactiotser (ani no aci d,
nucl ei c cf. char nbj nat Such
et hods, *aeoss Bl BlofA PR B pBr biaparredion
attestion Lprlmatrtdrjabtedicg;@ermgdtﬂff'eréiall: 8édriiigl aﬁ@dntﬁiﬁ& hasbeGinGs aré B1ased
addlblon al | reV|ous met hods fail to recognize t

Biap i Pe dideastaed c?lgqﬁféf B PERINALPions gow hDWdllolfoéyrhmnd
theB CYRMSGR MJ‘&ufé’é F@tl J:xa#{f J: it ﬁf})?t%ﬁ)g?%tpg ?{la(t pggatively

crude screen W|t rent
chaggedgnelatulsweigteesct mthlpogmlve]lytchhi@ﬂ nh(ﬂedt!tfﬁ@dS@cﬁt HiARYbrd dFen

emq#e col[%qlgghes ~wi Il have a critical effect Ol
Raded 5 1PIEy 16/ g0pngREqsEt 1 thusedata whish it Gule” is accorded
a scﬁfeﬁcﬁfﬂétén@ﬂﬁn dItlal#ﬁn@h 468 P 'I}t)F s I'e%scgnd @'t!léfl%gth a¥ ygre bl"tssd

ual ity of such input, as correc

aspdrmsthods \Such diasedd rtdﬁé}asmmbﬂtodewoﬂd beithe ﬁm@ﬁﬂent of

ssuhanall Fi nal |y, there are nan
e A TR T
chaﬂabteﬁ b@hbmahorﬁlﬁ‘;dcﬁ firthods &cadatd gtﬁ@t
ypopt hetical , self cr egt ed ta sg?gﬁl'?"h%g OfStauSUCS are

nmi‘é tegaagalt Hatighienl methedodemies. es net hodol ogi es to act ual
genom ¢ jan kel ?a?l'ﬂrgwg‘tgs m%@%H%ga%ﬁg Kee&F Elged'tnpl’g%i%%%c’f

conS|derat|ons

the soneenirtgeprbeask dtabfolioWs%r diedn 2BriRg pficeds, M ullBYe Rendiorhded
into thr. oup (1) protei n- W) 2104/0275411
dﬁéﬁ'?eﬁé?ﬂglz‘ Wspecific, biased, rule-based scoring

met h Od OlrRgh gr'ﬁToré e B QHQ[' s]\éggéncgf%ﬁe L2l girtnﬁsht?s% %‘ilp%% in

and (3) ms I dneous” met

all mytideilogiepeidi Have a chitied efifectrod e taamydoﬁ@@rmétﬁod to make
viewed in Pollock et at., 1997

scouffte PRt ThusrhgpiEb 6.y eloats thanany pevicaiRputGrel

to diﬁchﬂdﬁ i @HmeEnd
“USA 91° 98- 10" R R or é‘g‘%ly gésgﬁb Aol 38%eaS yoh an
abiliynct . (Tenet. 18:309-3 17 Taylor et al., 1994,

Protein Finally, there are many previously described methods that are merely
theoretical and that are applied to purely hypothetical, self-created data scts. 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 greups: (1) protein-
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Engi neering, . 7:341-348. It is concluded that, "None
of the nethods can identify truly correlated sites

i ncluding a | arge nunber of uncorre
WOZ‘WA@&H} In addition to their non-functi ona}’@f/%gzooﬁémé“ﬁ

met hods share the additional follow ng

characteristics: 10 First, all require either
spedifis, e mw&&ﬁ%mgh%ﬁodwo@émim&,ﬂ 4bn>§fa§ for

amno _acids, and thus are protein speC| I ased

1“¢UW¥ﬂ%%§%Gﬂéﬁﬁﬂéé@ﬂbéﬁﬁﬁavﬁ@rbconce|ve the nature of

ol ecul ary SSI eleteri

consequen Clg%@f)?ﬁ}oke‘?ﬁ‘ g‘%ﬁ‘%&cggs P (thﬁle %ﬂt ﬁ%ﬂ%‘é n’ceglod‘)log‘es
ard revemedtin R dllock BDAIN) @ DO FFbieli0fn @ﬁ@@fi@ 106406 P bhich reviews

i bBa s ﬁgb%?@%é%@échz@ﬂ e oS b
al L1 PsHlse Sbmczef:ﬂr? n' 5%+ (IROFjol - %101” TROmPLNGL I E)p, a5

scored, the actua teracttons (the.” DF ogra

Engmeerm@g i70¥Hl) 344, & is ed)mxhlded thm, ‘@ﬂamqutheafmbm@di 353) 1Elb1ﬁ[f§$lﬁily
res the | eng th of the sequence.

cortted SRS i gt Wb O Magaicied S Igsilition to
thelithonWih€doraligy, bhdse ﬁleﬁﬁ% @?ar@ﬂ{% a‘&ﬁﬁ gl fo %péﬂafa%t ?1@%03

arbitrarily chosen. nunmb shou recia
Firgthall requirg eifbmréﬂ’@lodgﬂnesalrdemﬂgtom ot almllmby toaates furansno

ol B L R0 5RO B0 B ML v

theemttﬁé of moldvahe Enter&&%s ARosyiblk "déﬁfeho‘h@ &SRy & tHﬁ daSh
sed. for screenin scores much || above the val ue

pOS’lt“’P igiallowsd &9 Wéoragt with fl@@tllehéﬂﬁi@@uaqwuimg tradnly a single type of
C back roun
reldti?)'i‘nﬁ{lg g‘éc%ﬂ& allg&)?%ag% Jérgﬁé Ste nma%%ﬁo 356, ﬂn ?oh% &t al. 1994, after
possihﬂﬁemtﬁnhaimné ﬁbdsmonccahib&ﬂttlﬁﬂst)%é Sdord@Bithe dcfual Hﬁéxﬁ@t[«ﬁfs gthe
other things, the effects_ of phyI ogenet :i.

PrOREYL Y PEHAIORS) are aejinttb ey SEIRE ki ho hishedddecorrabere |
is tRlchb@ JreRdddyhBieSPIRL ﬁs%mnﬁxkﬂ e nHE otfl:lra]?ﬁ)p 9l gs 1994, in

arbitrary, absolute, or e possi'b
Which i W dep seored are S}Kwﬂh dviars ishe ar‘rntradlytchﬁien&iﬂmiber It should

be deF TR} 1R AR 8oL M ay s Mg 6 Peictions
atwh bdifiemalie hH hR%eOkHat (ﬁf‘?ﬂls Vi, erg Hl@% Hﬁétﬁé}dﬁsocﬁa%ons

result in accurate pre ictions | trates

emsiﬁﬂtﬁé\ﬁ}?r gt awwbitragsbieashold viahatis BQadSﬁ)aBGrsdzmmlscores which
ance,

fi
R T LR N TR 2 S
backgrotmed neite. (HENORE MithdiRldyid whieB sl s@&gsﬁégle thresholds (also

$04/$ 540 PCT/ US2002/ 030656 nethodol ogical. Thir
callg fgbaﬂa} Ifo appgReiaiss amensrsbier things.the effccﬁeoﬁplaﬂmge;aem

relag&gs(})ﬁ D Eél%u)eg%hs%le(:h &rj Qeg @E%qunﬂgqr rggstfae ﬁegnggg oqres, making
suclafjmd:shehﬂs tachitreryb rlssoRite, PHO tt%réf%re(gp%séhﬁﬁf ineffe@lve, 1t 38R also

tors. and (Channels to attenpt protein-
be “5’ B?te'*i“ﬁh gk %ﬁmqﬂmub@mdo@rsth@ Papespt ef “satistical

signi®@hice’d- hlver, b %Jz ﬁﬂllur?%% hrgs%gig%ﬂ)q%l%%g%%ergp%fner}mds

protein threading Gea e
to regl in 2 1rat@ B@YidNons illustrates the underlying flaw in assuming that

statistical significance implies biological significance, when in fact statistical

significance may result from any number of phenomena, both biological and
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matter the context in which this nethod is applied,
its limtations remain as described .above. Finally,
1€ sel f-contradictory clains of accura

wozogggms %“hat the maximum accuracy is 1 3%fo'?é{1§,’H§?'ﬂ"2’“3"("(‘

proteins (O nea el al. 1.999); however, given 10 that
the accuracy due to pure chance in such a smal |

el el e Al Fen i e lnets udpts Y Gl &0

datlal(aeeldnewxieeameﬁgmﬁeﬁtmgﬁtm emot ed to account for
enetic rel atedness on their

the effect of ph
predi cti dHs mEﬂm{ ofi @9het et aly 1994 has hgen appliad] theneralkigng s
o LB O B R A Y B o

proddin Eerabiidi Predictiohs (Hakzss etial. 15@7MW@BBzoleHt B@[ SSBI); Bnd as
information will nerely serve to conpound

an gid p PEqfipdhisading fgHnes @ebi I %ad b &y %%%e%zl A%->9J No

maﬁt/béf’t.ﬁg 'chll;ltg t. ﬁ%%l'gc}?t{g%{ng@gd '155}_‘%\?313(]1 Q&lﬁlrxﬁﬁa‘[ﬂgﬁ ir?]lﬁ%g %s deézcrlbed

aboenkEinale delspite mmmediotmy] glaimsl af dcouley,ateentstibat the

resence of Iutlo t hod i s.
oY A eayds e va s pagfoims L0 eran oy Eobder Siven
thamte%c&naéy &Jﬁo%@&{a‘ﬁc@ﬁrsﬁl@ﬁ Asfall p}&e@lr&hlbe% high as. ~27%,

si mul ati on" Chel vanayagam et "al ., 1997, Protein

thlﬂigﬁhnéemltfgtwll&bissdfecsw@ a met hod very Si m I ar in

both sco nd sc .een 99

oot o1 ShE 8ol BpeeiET B biistd ulinsed ReuRls adiiiled v
acco8fUBNER LRSS b deN&id reRiaROE s tREY bRUeRhk CThe difficulty

rel at edness. The authors conclude that the

withel ssdomelipds & thii rhvlegeadicaslationihjpseare mearly Sivpeiheses.and
cal&tﬁ%téé g‘&h%k' g%/%ﬁd%%“ﬁ%ﬁt@ bas.%a%tncs%{%torf la %l&l‘ﬂ{tlﬁ{l/lg n’{'l'ﬂis it ]ls nf:,lear

wh&heRaick i fohiaaticn, WABm&R#y {eittaio céfihomrd €Rtbids problent réfhér than
atent makes note of t hg usef ul ness of covari ation
Tesplye BECHERGYdREucs- n"“b?’bet%ﬁ RO Wb@trmfhm}iwé“dqll@ek ghal., 1999, J. Mol.

v
Bioli T P67 108 o SR Sithord BERL ek BEDREGeig bl dotcct
thequsn@beﬁc‘codsmhﬁunﬁ 18 gererdipfhis rhiethed & ynabledlovdatvay aged 30
cancl e that whil e anecdot exanpl es _exi st _of
Speg'&%m‘i’?ﬁﬂ’ma‘lﬁl Oa%ﬁlar;@lwthem Ojap Aheqretica! sigrlat ton. In
Chﬁ?ﬁla'yﬁ@dnh eMalQ fi 99’9’1 Chy- ol E’Qgﬁe&%@ neBHAIE 6t & ﬁktﬁoﬁ%r}%ﬁular

not “wdely appiicabl e and arein fact inaccurate.
in bﬁ&uyorma enil porcergngto ttmqubhyert@éehﬁ?é?ﬁmetm B0oGed.dpipmprided,
2/.030656 forna t.er ed
o SRt IR TR AR o er b Disrh 08 et i PRSscl PSR PlsdGhg “he
authdst BovilSudelhe: the aRMtbddRIpQis SH1OHPdREctRhBYA O ek HBSET AlEd
met hodol ogi es use _ bi opol yner - gener al met hodol ogi es.

highjiydpaosatato o@n@gqrésbgpetoubeé@btmﬂ @lSgorantAntdennsr, Lthmwsnﬁdn

bl T S e 20 I8 e R R G 7o gl Bl

note bﬁMb%Sﬁlhe@&Gﬁdv’@ﬁﬁiﬂdfﬁhﬂ@ﬂﬁnm Bsprofeén bdidtdde predictior.
Information (NI T gorithm Such a scoring method has

Howevss, thee bt E%t@mt ep é%@%‘ﬁ?ﬁe hopidp dgtrpt suphdntprmation.
Ch@bﬂﬁ?ﬁ%aﬁ? %t c%l.oql;%)(z? ::itr)]ésj Herdesibn FhiR00E SHI)VQe\l/'Je?FCMIvanayagam

scor
ef al. conclude that while anecdotal examples exist of semi-manually detected

covariation, rigorous application of such methods demonsirate that they are not

widely applicable and are in fact inaccurate. Thus, the inclusion of phylogenetic
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Chiu and Kol odzi ej czak., 1991, CABIOS, 7:347-352, who
applied it to RNA, a later 10 attenpt to again apply

NA is found in Gutell et at, 1992, i <
WO 2%5105704( Mﬁ%@"%’gﬁ’(’f‘

dsS Research, 21:5755-5795; flnally, an
apply it to protein sequences is found in. Korber et
al ., 1993, Proc. Natl. Acad. SCI. LISA 90:7176.7180.
infotmSERERR ot HRG1Y 8ke @{1 Meeiié i
infoPm! @'no %11% R‘KIA re@theMecaQf (5fgﬂ ¥ thsgﬁg q%:%fagem% “based

success int predictionfi e prote
mghed$i cti on fleld al t hough, this success has been

Lo the r dREERR %}%ﬁfﬁ‘r@ﬁ ST oS G dbet BiRe Ik e
bisgol Rl mbaieREi & akeaPmtgaHold g{res;gleaﬁ@éd/éﬁ 8lgbhifimsd

review of this topic, see Agresti,
Impml i thediclbal ttefisgss @gdﬁatmnc@daaa Amalygisi’ meﬂwdseyhe New
|t| Qn_a.ne d th
iy SR AR B Wb R e G2t hER SepSiuifa

Inﬁnanmre(w@ﬁlg@atmg oBLeed sab@ing maiRl has meelsﬁ@bﬂﬁedi)tfo HeliReful
UnltedSate of Anerica, a 20 person's gender, types

forgmnytyRs ¢l bigolymerr g of Hﬁ%bﬂ&teﬁa%t%@%}\’l spBRg £ f@anqul
Clﬁ@&dcﬂlﬁ@l@dm Gicyan lgb? @z@ﬁﬁfaﬁg? 3‘? 3? \Lﬁéﬁppl{eﬂ Ltl%ml later

an appl e cannot "be ‘consi
attethpirto aggeapplynt eriRINQ idifdundrie ﬁiutelrreh lals 1992esfacmma§ a

Ry 538 SO iy o fteihs FOPRAR i Brogein SeicgRiraA found
in RbroéaEURS 1993, FFHLANAL Ag§d bas Qﬁ’ﬁb PIOAEET IRy Slh%ﬂgr?i 48 use

characteristic or simlarity 25 natrix).
of Wusgonr@é@@ mnat ireth mh@ssewms hotis R&\h%ptwélcalpplﬁekﬁthan tizeryrotein

]
preghen s LY PR e Pt b P R B gy
(pd&ﬁlb@MueltéS th relabipé Sintpichty whicH détﬁreﬁisl e sthfctibgul t aneous

occurrences. Thus, one coul enerate a 2x2 ‘frequency
tabl e. wherdnaliatceengl d@tﬁ@ﬂ@ymﬁ oy revaeve f thiptopiaisess,

N T
defifitiar anga®dithatasals. dasd atdiscrae datbfRicd Whieh aef néiRptiesed N
eacg6 state. is then tallied. Cateqgorical data

valie FSHBRIES OfeAiFEPrIcAr b I LB atefss ohiha Ynited ﬁ_’»ta@ﬁyfmema, a
perdiIP4LGRIE: Foddl olf@%étUé%OQﬁégﬁﬁ&ﬁédsfﬁb%g&@%ﬁggﬁy Adgned

anong apples, oranges, orni a

glven iheivndérstanding that] fmrtemmlslabmmmmﬁanamjemm&defedsmer or
occur -

“IopP i ¢ BptramerRty S sy s erestfith p arorrado pot gt
theBdgnhdiabs Vf‘ﬁlﬁé‘s QAP Al it uhi@o%b%él?ﬂé Elé]%f aa@ag?ment of

alignment.enl. of RNA sequences,
valg¢sdo uhing m«}%ba@@d 8n ngnEPhtYSthhémmhchafradmﬂmcmﬁ sintildriy

Zer 9, ven re four nat aIIy
ma{‘%{é'ﬁ nucliefls'c’&1 E%tg[b%se Wt%)é\s Ca’éﬁ 1@&?@8@&6}%‘? ngl y,
bioBolimbt. e tabul ating two positions in a. protein

al rgnment m ght be assuned to be a 20x20 tabl e because
there ardea@isshlaip apprpaches usuallygeqmdcribe gemmtmn of

ner at.e
e B APt i YR BT B B TR b
Thishacemtubt gerecaen 2kP reglient? titkewhOSiihd R RBbRGhe different
conpared For exanple, if position 1 and 3 are being
P@fﬁ? é}éd 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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and only the characters A. and G are found at position
1 and only the characters T and C are found at

wo 2RQ%kisi9n 3, then the table would be a 2x2 t {iz EZO\%/B_{}]GRG

colutms A and 0, and roars T and C. in addi
when. a scoring algorithmis applied by categorical
data 15 approaches to sets of data, the resulting
relﬁﬁﬁxrsﬁ@ esi&tmmﬁed?g&% b ks r@é’lﬁoﬁ%‘%h&?%?{da éfxé‘bﬁﬁca@%’:wr
range may Of may not 'exi st
in tha |sﬁ1mequ¢ny anal ydonefisech tabbalie themuienot ypwd anlel cphmfrsrthad

occ% o %et"%)lft: Blgorfaq%lalln(é ﬂ}%&géq i/ of b qaﬁt%lee@ayw%fn&g om armg
tw@‘g@stlﬁ‘ér% in Eutt ahém?e?ﬁ ﬁf'RN?‘l sécqﬁéndegttﬁﬁt a' AU8EPE %E?&IH Qlvays be

at each use sanme scal e./range -
ger@xfaﬁ#) (aven ffnmm laf tifols ﬁbled mthmcn:g glyes that tlte‘re 2@ fhmvwleral,ly
A, cal e
ocdydfifenydic il & 19 70,25 §E o Fespai By ne i Pt e evS o

posﬁh&lﬁ@ﬁ& Mt&ln&ﬁginﬁeﬂﬁﬁ%ﬁﬂb@&sﬂﬁe& ﬂﬂ)eﬁzkm}@'[) tabhlt beCikélthere

he very difficult based on the scores alone (i.e. not
are|atully preuig) aanipe eeids Alkernativsly, pyebdaeonld be ggecrited
whS@e%%w% lﬁﬁ{i E&ﬂmﬁ@a eet&gﬁmpm?e I]G'fe? er%% fferéri%%hgractell‘:so({cc{m*{n% at

ason uni orm 'S Cri

thefpﬁ)mtlbﬁft being cdmepaped Fat bxaupl&dfpesti@anagd 3 BRI bdiey cadfpared,
and ntrinsically unifaormty scal ed (a_ probabili t%ﬁgcore

Qnly e deesisTsed apd Gbasi wrld;ﬂt apskige 1 ap%ﬁ@l@sthf eloaraders)l and
C af foRR@LESosITRY Menhﬁe tamef\se&nhxse%%b eh18REh ﬁ &ﬁ{u%BgAeand G,

require standardi zation" -- a oces§
and ows Tagsidlint t he scal e used for each score, and
st andar dj each, score suc each andar di.z
score shg‘r@é itioHeWagh A goggng 1? %@?R@C@Wgaw?da‘ta
appPddeBEs G0k OF datd XhEad-BARTg] s%@tles qgtn@t - RRBEBAGNRS e TBsistent
further apply to the concept of = "symetry." Symetry

scaleg and pawiges, k achere meayhermaay wetlexist treelesmithaniey'n, However, scale

o B3 PASE OB TR ol e,
B, CO04HA2Y 54 QriRGlih YE200BMmE3O Bibherd at & cS&inSal fotb 1:4888teRRbtation
matter if the first or second set is considered

thateaeh fisles upe the same srrde/maged foneiamle fRm Sjerkt being best. I
Al s Yol Cal
o534 A2 S LRV L 2R LD ELPRR AR Sl 9D

andfmereposfikingly, judhy “A0 s:hﬁnge@ h& schle depﬁ.ﬂdld@ @nthetsRateh) & would
score for position 2 by posjition 1 - i.e. it does not

be ey dficyhbased an fissepres alons (i 2ebNavwies thfoﬂﬁgkd@%ﬁm timpe

G i’
vy 08 BTREN LAE), T Sl e 905 85O AR,
concept off deale uefoemity ¢ocrdscaiiir ddter mtaepxstaab&d Suiovies oatmeﬁhpr be
ric (i ass t ri.c

but i ch are not 1 . e.
intr el RS P (P PF PP i e Eons ey ity gipyays

ran&a%%cﬁﬁ 08y eorgb&%@n{ag}rno@@@&umhy sca‘ﬂédsa‘%ldctﬁéﬂéfd?@}éq‘&ﬂe and
is difficult to determne Wwnch is the nore

“Standmﬂtzgtlma1 + y pOesseilgolntukes Howesconyt the sefouded foecatbisedte,
and%t}:t%tdﬁr 'zse)é mr:ﬁsrgil)r% sil? o{hag gz}c?nrs?anﬁarschzea 5 cg'se %harex thedsngIG rS((?a &

(and range) with all other 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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in the nethod by Chin et al. 1991, the M algorithm
which is inherently symmetric, is used for RNA

The bi ased assunption is nade th -
wo 2@#@%@‘%@ tables are to be 4x4; (this is i?qu/@%}too‘}f‘?fO(”ﬁ

the M algorithmthat is 15 subsequently used for
scoring; a consequence of this is that their MI scores
dat%:s%ts,zlg ?&es r*ot t{% tgll\}f {HggngtP oﬁvggcci%d SG{I{E]. Cgl‘lé!l er%li)\t/ar?abgeeﬂe&al

cosQRseDUeNBR: BiSyhliediry 19 laaﬁzelﬁablélat&ﬂidﬁ& forlbb@ingméthsds bacause
this nmethod, all conserved sequences w l |l correl at e,

whem SepIES VP ABPIEORD Hd e derible. thatdbe sqoembsr P9Slt1%}1 1 by\pgpitign 2
Kk r

v BT SO T | 5 A8l v

poditidn rse;ﬂzh:ed it rawd/edimed iistha fiegddncaliabds. §hisfis camgdsred

S a entlntelr listic sct enn
de%ﬁ%@@&gmaﬁ‘tp 3 Ftdi’aa‘ﬁ;?“thﬁr%f‘sﬁﬁ‘*“tﬁ FEeD G BECER rores
ﬁlofﬂé-sdai’e(f;lﬂ%ﬁﬁl y, b Whitk afRThARPARNER ( 1@r£zﬁlhfbrtﬂ(c) are

reshol d screening process, based upon t
sorqmlsatt lpmizi@hmc fas kltmrpt:neomng batause brd soresare nglm fdricgetnp@r-

d bi f,
wiss RO T Ganauthy seeRane vud i RGPEMngcoe
rel®@ft. HoWSEAG hBGIdPR MoRRTthtQf syeakdirid BodidBipkdd2Bs is\Jakdibly

this nethod seems able to predict with some accuracy
desired Il awfentisely gtitieplal . el ements, accuracy of tertiary

structur C -al |
S uCt ut 8 RS RERLP D95 RO BHethor i wiEe
1nthe@.ﬂ§l Rigeheir{d)isalsbd &dr RANA aﬁQ@ﬁsfﬂ" iﬁibmlﬁé asduingptwanematie that
coring on is method does no [ 35,2
RNA. Thi th d t _bj I

all ﬁﬁ@%’@ﬁé@bl%sa?ﬁ tosher 4 s 15 Hapliagn theMil alegritendhadis are

subqgﬁ%%m/ nech RY scg%ggl zb@orﬁgn?.[eﬁg\é &F RidiDafat ACIURL Lébr@s%@ @(Ealed
e’ conpar e Sit consequence i s that

unifdrmgg erhewepexoﬂm:le dpt ageneradtpecperty dftle Miapmrmgaalg)rrtbm but a

i form ti 3 of | et al.
conghan e 8 terrpiers ke dhte A Bt Birganbr el neirv
seqieRGR WAl cBrrOlcY an ¥ ROPA0 edma Qi dned / M&%@Q&IWQ@P@MW”

opt| onal |y cal cul ated according to anbi guous criteria.
stafrm ioalse cakulateilngnlifes the @sesemnvmnﬂhe Brvalug ig pot utilized as a

scogy RHAIEER b oo R TR afleh P oL AR B gl 11

sinfpigNé §Qebnidisibeas danebiuSey thréshblasbf PoF REs fhan @tmnae clad¥en —
arbitrary, and absolute threshold for M, or

this avetbseltiteaarhiftary Biseshpld ssEreNingalrosss, basaghppn ﬂp@ Q@Silwble
St .scor
s R ey 80 DBl BEL Ly Ao
prelReklyt ML sodeds aéfhyn deIStotdlatesmnEtth@Hest &mkraetmg pavtnsmfor each
screeni ng process, but that even jnplenented, it uI d

posifigr- oY hilhdiisygetaod ae&asﬁ Bl lgrreriel Wit yomeR RACYTagY §
r d
L1 glglg@% é&ﬁ@r fr%niag% nt?ﬁﬁtﬂ?@%@%ﬂ:ﬁorﬁh@ Hl)tdachf‘eve&‘ %ﬁ
ovemiledccnirmdyns fifgdudt nos:'letdmmne difergindntalprgsestpdaki ng, a
nunber of dl{ferﬁgﬁgpﬁo” n rret ho have b

pr oposed Guiker of M o F%ﬁ‘lgr?@efﬁ@ﬁhggg method
dodi¥e bfbgtalllf?eﬁﬂe&g‘?m&et@ 4x1hH1§tea& h&16 Alrh&&ionY Sre dfBGIMIDY

I's to use oring methods, ‘or to use scoring
themhumum tshetm&mﬂlyappqa;r al the a;omemmlmgﬂuynsa@k meq@nn@m that

the%/ﬁ1 scores produced Saes%%Pe% eslgarp%{': talfler r?ot%mefd y scaleé (see equatmn

3 of Gutell ef al.), and no attempt is later made to standardize them, A P-score is only
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al ready known, it appears that somewhat circular |ogic

is applied in choosing anong 15 such scoring nethods:
#he teaching is to use the scoring nethods which_
RCBYEP/Res6

predic the structure already known. For a
of other scoring nethods by Dr. Robin Cutell, see:
WWW. rna. i cnb. ut exas. edu. Their primary approach has

opbeesilyenbuditedladcording t@raﬁﬂﬁgmu%meﬁﬁnfr&p ogx?eﬁf‘séon%rg"n‘%}h&?sr R1
e 3

am&ggal\/acl O?er ti& Systemand is entit
VAT 50 FYrpdueede Patraaesymmetripitehsigymationdiof fi@ MI statistic, A
forbdal YeE&Iih ] . N, 47405 20 USA.) Finally,

in Kor bérg/gﬁogg%?mfg%g@?%dé hﬁteagttg‘ﬁ“ﬁ@r EtshBetedipschoose an

arbifasy il absolupsr thteshiald forl ML tohRY , Ret o i i ons
thxfe}E’FEethFi yency tables are det er ni neec(ii‘E ggse?ﬁﬂgdgﬁ%déﬁvalue,
O Y ¥ thi; NBST s dor nigosiip redlocdipclesurals. giva0shon ke M
accaratel e snakalsGel & i.f ar scaled. A o
N S

p "P-val ue" statistic is SO ca
ORI TP RREB Dt @mb eﬂen\iéi\nﬁﬂemélﬁtedﬁt wahrd%fuh%r R0%ame
: - core but rather as a test o
congii %‘ta?‘gﬁg%%ﬁ“"guﬂs Sieiissavith Sueh prdenstacing atefhoBad should bo
not¢dsthatppreer efithe predbdiBiaht &i i ' ;0cess.. an
ar ﬁi trary t hlrjeshol d f_oreﬁgh%fmﬁgigwﬁdﬁi%giﬁil%ﬁmt
senghaly sheakdies 2mambeiof iforut woring bictical Yo s habdbsheHad
fornt1OMedrh i | assunption that statistical
t° 3 an' i ?%%@?ﬁ‘ﬁ@géf%ﬁ% B s PEpRRAsed- hamscthe coliective
cachingds trsent qblrseviingmbhods] e td @Bk ' od
seenfinS aﬂ:%li29 uous, fﬁnf alcr) Sas i nter a%lﬁ?%%leglgggpé(@ﬁ%ﬁagf}a}nea
. ;d;ﬁlggt _ ,maa@eg- Cepﬂ*‘? %?%anmsswmmeﬁmhyﬁﬁmms
alre WISk ir or. the purpose O]
. hgcqi ne gszgldgpﬁ%ﬁét&ﬂan 3ﬁ‘§f%“?¥dgglﬁﬁ%agy§!§dgyghqo§@g@m@g
PRRREIME C ue.athy teatBind\B ARG HRA2R4 . .
the s680R %193, 6?{% Li kfe the second genegja]\glgc%holg which predict
pr ot ei - ség PR Fop PR uerview pleotherswdringmictiods by Dr. Robin
Gutedlf $ee Areienmb e as AR ' or at hyl ogenetic .
i or Tt ba s SR ok AR BB b bRt Gubodind in
# ProgfTa gy tien by amepBooyn Bir diaitiac Mpeidtisg 59stchOtd 2t
ate phyl ogerietic

o1 BB SPGB0 CPiimBloomriogten it amass

i nfor
USAgf Aknmev et al, 2000, has a nunber of striking
siml arﬂ'?.ti s.to Pollock et al., 1999 and thus shares
tel@NE ¢ i.ons. in, |
PO RNA T ef%? tﬁ‘?@ﬁ%n@@% %?nss%fofﬁg ?F&qﬁhe‘éicﬁé%}%es 2i¢ detpyoipod adin
CutelptaHol292ahus agor Guellicnsi, 1990] @O MO NG {outiig:
unifoﬁﬁl&%'cl [Spseen, Previously-, an ar BITrary TLEER ok e
an s?lﬁ& st TeleE platisticrig alse selssktdds Unfike el pidientt hi s
mventibn, tRs@ved t1H2 - . less than 0.05 | S appli ed.
stati tNoge. agiféi "t hesegl; rbrcrtleltﬁ ﬁ%glsogﬁgi}zeé Ké Scﬁ’ﬁ?irblﬁtf%ﬁ‘?r@sé\ﬁéﬂt eht e
1stiqabsiguidicange. 4% in Ghiuian plit1 90 BitAisGd ;
Thm ) The thos fﬁl?%ﬁ%@%fvsﬁnﬁe

j i_gnment _.al gqr m
Scwe*%%%@’%osu%ﬁ gn Eifé’él’é%flg g’éeﬁl?ﬁqu)@aﬂg ofless ghand}. 0@01sie chidsetp. thik is
an abswhtth oalbitehy @heshuit bl R B R S that statisti
| _ﬁi btk o gﬁ@ DRI n%{dh ‘g}{ élge; tgurelsﬁ%lgalbﬁqqassgmptmn 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
pnumary 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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\vonS%QﬁLPed as such, to analyze known protein

15 Altschuh et _al., 1987,1 Mol. Viol. 193:693-707, a
sinplistic categorical approach is wused, although not
Structures. This nethod |'s often descri bed Gl U§2002/030656
nmet hod of interaction prediction.; however, careful

i nspection suggests that it is nore accurately a

nmet hod tq. ri | ready k ructure (i e.

st ot ur SIRE B ERB nGal SRR ARE s BRSYE Fyt gfea

methddsphitdmpts hinached niadt &F mebipoite phiydogdnete hfamehtiochefto these
justified according to the structure, and thus are not

calgeprisnl e aeRtaadsofts Akptacy st %bm89%9:&4‘@1?1@#@1@:_&%—512=an
L L s T R

themethed of Akomev ki </, 20681, haxch svvhledr of atniking sindleritisseid Potlock e
a y4 | ready kpown structures.. l.ts w desprea

al o bRiol oy fvs ﬁ"ﬁf%s‘:’ﬂ_ bt mgRG i e SRF LiFEARERS %ﬂ}% nd

coﬁﬁ&@ﬁﬂﬂsplﬁgmnf 2AYEhPon 36 HAGGR (720, IARRRRE bP o methods

subset sel éction, does not appear €asily automaté&d.
arg/propored. wishdd dny sigorpus orsirbethn on Bhir mely Alimallyehs sen |

1994, Pratein. Engipeerin 7:349-358, which.is e
pr%’?ogis%%’i’ A ERAEE) %:L%ﬂ@'?%%‘é‘ S?"H%?“‘Fega’iﬁe?‘é‘% PRYe0T 1S appfied: in this
cafy Pagresiadld of RRaIMA 056§ afplied dalode ol fifdsé MmetHddl fatk s ed

b%&the met hods used to create this phyl ogenetic
abiligy t9rgvatuataibe nralitgief figyrpus daiat(i-atnone have s mizdigngenta P
al%ﬁhﬂﬁ threshold, this tinme arbitrarily set to less 30

& en'b.OS, is applied. The accuracy of this nmethod is
descr i bedhashibkggp bf g@%ousikidesdriby méthodshee b diveesenpdgtof

that in _Jones, 2000, Current Opinigns in . .
mefods &W‘h&#@%@%’g@ie fromy. thy preseng invenfiprIndhe methogidgspribed in

= | ClbDBShs, TRVEIE ' ' 7 i
A R DA ee s pol AR T apricat B i
usqel eltficeigh aot déscripedoasasiuch, $e emaipzr knostorproteir sruchmeaMds of

tr.u redi ct.jon that has.been well studied, and do
mefise inp it tectdHL TR ES ORI IEPm: dofar oh GAetbs
insPécPRAlsMPBIsts thit it & nAGE @CLuPREIS aaf&hdd t\@scBOS BfedhFnown
met hods descri bed above, biased, categorical or
strigativer(We-sEuciupe aAudysis) orts e@redieicn méelboé fdesireirar, sifce

o limtations riot contajn a t for .eval uatin
Tt P bl 8 en FRRHAL e &g Olqele s o mot
actad1@ecditduns) it istheietve afffibhletof 56 abdi@ady. Thé @ihodaldscribed in
object of the present. invention is to provide an ab
Logkiessiagd Rapganadiagul 245 SegrcedSerRda-2MR als, anpthes proteinspeciiis

meﬁqldtvﬂ[i@( Eﬁpﬁ]l%tbe g?e?ﬁ'é gﬁ%ﬁ%&%ﬁg kn@&r{l g%ﬁétgiﬁgﬁés?&%ﬁgead

at are sy ric an scal'e
appicesitissisabt ke dndhatmbte) its idetliodolgy] icquirihgseqiase t hat
are uniformn caled; h) contains a rigorous

insgecfigB A guiseLiesionslees pat appeaticasiiesvjemptedidnothe metgod is
despiBEd RSIEhAANS )ém, 199k Da, ‘z%@ﬁ;ébﬁ,:o ﬂﬁhg@%{tfvﬂg%fh £9

e achieved; c) contaihs a screenin rocess I'S

proien sieerficambihbd diay revpiresusal phtybygeactit dralysisadflthe data, and is
i oplicit handl e t effects of sequence selection,

s Rt b Pt et i Setier@eth dHBRRA ) Mioes

ShiR@¥al6L AU/, Bheldrdth T APCRINAH2h S8 NBid t%rﬁg gﬂﬁﬁﬁﬁ%&% 1es@"

any o;her.tgpe of enpirical data suc
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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physi cochem cal ., energetic, simlarity descriptors or
matri xes and is thus unbiased and not rul e-based; e)

wo 200308Rke to predict novel types of inter aCtIB?iﬁUSg)SM/GJO(‘\G

wel |l as further describe existing ones

bi opol yner general, and thus can be applled to the

sequences of, inter alia, DNA RNA and proteins, for
apphicahilecwilnGrilet prodictioR Of proteiiasmebetitl sfrudile, & $%a of structure

b | t t d
prodlhlBh b b Snarel P ARk chog dgpetor avevdans mead foopredicting
anj/ bitict BPe bﬁbl@f}@lyﬁfePt RifnSedIh % 00 thhShdib %rtl giftfﬂﬁ@’gd% ‘

éon&ted and does not requi re enor nous
#d ahoyed biaseyl, mcmlsara)tmwfm,dmfadﬂltmﬁ\t@ ibAdiFREEntBENd

d .suggestion for how to
lmﬁﬂdrrgé%ve | ’c&ﬂ% r@ é‘P%?&f %ﬁtﬂﬂﬁ]étér Hyhampeihdata(i.e. a
mishghmae adeaiienge al i gnnents for errors; and i) is ?S
iteratl\éﬁ .because as the input data is refined via
its m sal% gaveht f‘aﬁompilmmbleme,mﬂ ahjiect @ geBeRaSHmvention is
e preferred

to ;ﬁb\h@é‘\@n EBniRE YR oﬂﬁﬁgﬂt OflaI n&%h?c}]&la% o EQTashiog] mevieydy

enbodi ment sati1'sfyi
despigbermétbodss d) cantiing mdn@fthﬁrar@@mﬁ@ﬁ\é%d umTfBﬁnﬁ/r s%él%@t d/or
a ronvengl on d es.not focus on the proper assig ik
PIPEFE 0 f‘tﬁnialr IGRtuy thatyests inseraes thinare nnxfonnlgrspaileadi)es

contains 30, I it focuses

e e ol BRE R SpiclB e ¥ e eromsecanrapms
andéh% aH@m highscortgeprbeantievid; ) Bozﬁalﬁﬁ’ﬁg?ﬁ{éﬁﬁlﬁg g@egglﬂgﬁs

us defi

t
i AR SRRl Skt odimimotoees |
seq@nb@&lecﬂ&ﬂ%@ée%wﬂéﬁubw éaﬂ h& l?tc o dg)n& oes not requlre

resent I nvention there'1Is provi
Pfeceﬁ??&ﬂdahl?féwmw%mwwrm ror gnyedihet iypg of emparml @atlkash And

[
Phyélwcﬁ&{m;.[ﬂe %H%r%gtu{: Sﬂ? g#gge§:plgg)%segrgrﬁ%%§){ggmgﬁgﬁg& un)llalased

nprisin
and g@irmlerhasé(hl paiby®Ipre@aURRE £ or mi.n
a b gnment S?ocess W th the }satggﬁge(%‘cué&?wgﬁg (agwmlla%ﬁlrﬁlef
escB ¢ thﬁ%@leé: R &nlirpelymer g¢nerﬂ,ta11d| fh‘gg Cﬂmhﬁl@@ﬁed {ockhe
ormng. a

sequBdel OF, 180 Ay, ¢R! R?]% BILS pperP ﬁémgie IRt §Rlent

screenlng process
intragrotesies buf(jjo intpeatecnlgr Bii)?@l%'nﬁr Idiér@&%hs and%%%ré}ﬁgpolymel

ssociation intormati on whereln sa

interg 0B TP g5, DR GG il A0 LIV Aol Hindin o bighdy 4utdated,

ass
e. et hod

and dURS noieQEiFDeREMb AL aﬂibmﬂﬁ?!) 1[ ﬂgﬁfn 2\5/ g%tltlgl%g ,‘Z@aeg oo

of the present |nvent|on

evaluating th@r%lﬁht}’uﬁ]tb{e mpstddith e 5@’95\@1@& for héw td Imfdse Reﬁ?l
see

r.ovi de renarkabl reliable predictions
thus %H‘%] gl ﬁﬁ]il fp qual YZﬁfSPa)ena% aligrrmengs @mmow hyd i) is

iterat ﬂ) adel | udi I
A, DA aﬁrﬁ‘é“’%‘?kﬂt IR B ol g ehetg it o

succegsiye paspaHays fqrrbegqmrﬁdlutlms Thdﬂﬁrelﬁdfrﬁi%i\ﬁbdd"ﬂl@ﬁ‘ttéaﬁﬁ ng all
over the pr evi ousPﬂ

of théji%ﬁ%@ﬁ# cﬁ)ﬁr%%lﬁf%sg}) I %%Fﬁi i ]g?{é%?%%: ag )“She‘gﬁé(o ring process

that r(Reyghésnt iivatRneBet BAtfoa: and
ertigdniformty scal ed, and dlor a grosgoélztéggf dpet fiscffifnent of
e 1*“%’?5?%6‘%1%%‘1% Ftaer é{btmttzormmaphes m anglgregerfohsit s&hilnces.

InsteddNit FuRRd 0 BE ﬁés?é%m o) screenin

o ecu ar 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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process that is intricately linked to its scoring,
al gorithnms, such that high accuracy is 20 achi eved; 3)

WO 2@4/855LGENI Ng process that is neit her arbitr af%wtﬂﬁfémm%sﬁ

absolute, and thus able to inplicitly hand
effects of sequence sel ection, phylogenetic
rel ati onshi ps, sequence nunber; 4) a methodol ogy that

does not mmfmymemm@iwmmmchem cal parameters,
or any other pe of enpirical data such as
physi cocﬁ’éﬁ‘fc@ anceithdhe present ventier thexe ldémdqﬂmrs or

BB By R DRI T B3R e

intemqﬁbm@eaﬂaﬂmﬁpmmgl nhes followinS@éps: Nput ; 6) a
met hodol gﬁgg for evaluating the quality of the input
data ari fOUEGREESgRIY/BloPplyTacE éequﬁ’a‘ifdiﬁéaﬂ(b) PEHRIMIBE an

alifgafibiént %rdé@yse\;wt}frﬁfer&@&iué%e \5’5\’3 (*73 ba: ?mﬁﬁg@gﬂ%ﬁtrhm

alignments for errors; a met
pracesst &) ipgdormbag aﬁsmpmh@s (empenfordnﬁ@a scﬁeeﬁr&ﬁg pedesst @)

perfpriiffk & it AU O o R (L ipeditianecr bRons Sobi) b cbisinine
assﬁ’@ﬂléﬂﬁﬁlﬂﬁﬁaﬂlsﬁ%éﬁlﬁﬂlgﬁss@gm RSN ok |p-1r gw};ﬂar

The present invention will now be described
and iéermglecwiar igpolymcainterdcigascr i ption of illustrative

i on 1y EREER o SegBR Eh A halih i o R P e

premuﬂiy@lﬁ&drﬁ\@d ﬁfetlﬁiﬂls Sxe ifHaa byen Shadb 'iﬁﬁiV—id@Lferﬁalﬂl@ably reliable
nethod of the present invention, the

pregiiiip = fﬁ' < afhFEeampled, oy e B gmegalmfeapzhm aél
bloﬁMgﬂféﬁefdcﬁﬁ ngs S{JH'E:&)P‘QG RAUA d p'I:‘(I)tglélS g,icg (& &slghlq 361\/\5

exenpl ary Actla equency
Examh]de&:b-ﬂr mdpp fal pagiceles the preyent Eimﬁﬁ@xedelﬁbmu&@ Gyiprbaved e;

e R AR LB e £ e o
resiflisSh kédded thense §§1ﬁm‘é¥r§é ein%i%ﬂ‘ﬁ gfgcfil]gﬁ rgn'iiy gﬁb@es?og' ven

X2 score: Figure 5 are grap ots o core
stangipetization thas resubinih &Ch@smlaatamemlefcsmm §daledle?)) 4 rigavoas yareening

prog¥f haf 3B BRS 0 U9 ¥l e TR RRGF S
acmoed,6§ B@&@bxﬁﬁg ﬁf&cemh@n is Hkikidr %ﬂﬁ'trﬁr? e hSIOM B Snd tﬁlus ble to
m sal i gned sequences,- figure 7(a) is a graphica a[

imp}ieithyphandle sheplfects aftsequsmce sviectiphbphylegencye aqbttlmlalhlppl ot

o b O, STl A L e ek i

paratbBrsy orjangxdieptyge oZ@nipigial Batd GlelSRPMsichehehliEHCIHE R ic,
main V of the Goup 11 catalytic RNA Al5[erT]

Smllé%“%%ﬂ%ﬂ@f%aowaws andisshuy ynbiaspd andheeftrulstbased St hod
metRbdd1b} 1RAES Riphly automated, and does not require enormous amounts of

user input; 6) a methodology for evaluating 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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i nvention and 8(b) shows the interactions for Domain V
of the G oup 11 catalytic RNA Al51, according to the

bem cally predicted structure; Figure 9 ' _
wo 20?%9{@%% | sting the interacting positions in é%ﬁ’gﬂﬁ'%’ﬁ

the 21 5 nucleic acids to which they correspond, as
predicted by [lie exenplary enbodi nent of the present
i nvention; @XIESOHSCRENTON HPOHE DREWNTERSi onal

views of the known 1TRNA crystal structure | ndi cati ng
that the r; h .
i nventi orr{(?1 FéJ ':31@ l%c?%gﬁg%ﬁ? racetdle%%r%r?ﬁa% (fafcth%fouowmg
dethilglidesciiftiom) of iHustratia® b@bbdisienBghéaes inicohpbaedn wigh the
05|t|or] in HV protease 30 and the amno acids to
“?‘Hfé%ﬁ Pdspond, as predicted by the exenplary
embodi nepf; 9fis 4 A t i
three-di rrenS|lsonaI W\%{g\?\/ﬁx@g%lh&fﬁ%ﬂ%?g? g?l%%tgx%@afnﬂr eh—%gsﬁg
emmmr ofghe tdrepyaiciebemihodnd the fiesint dtapiitsrs tie ddtteddines
mdc ﬁﬁ ﬁ Ir}]a .14 WD 2004/ 027540 herein: view of a
KEHBaHR /8% t he prot ease henpgl obi n shoving that the
exenpl ar piguR DGRy fRindils REGSLELLEMYGRL | ON
correctl predicted interacting amno aci ds; Figure
.1(a) i Eizgbra¥Hp) dowissnicngmphey Actvet B@um@yﬁabld; rodh3(bi) n

d. th to which th
Sh"?@'r{?"éé‘%géﬁ ondl S Y RS R Beiry. enbodi mont
of the prigagent arb%%@ﬁida@ﬁbt@éﬂhi—sé{(é?é ()E}?Bisﬁ{b%tl@ﬂ MEBeir

di mensi onal ~ view of e crystal structure of
depredrvgr oI, stebvdisigbutiens artetiksedrip inifyrmlgstael i garen ySfscore;

e LA BB b P

utilisbd U indle@hic dibribufii¥A Wi th the SHEVEK pr ed' ction of
the |1268A- 13116 interaction indicated; .and 12(b) shows

the 10 Jjeuioéeliisa example of 26ctig] Fragnemnyaable randréﬁq@es:lan

oo RGPl RiCha (DIl ol By il S0Rees
Hi sti dyl Flg.EiM(aym edpasal pﬁp@ﬁﬂne@&d@r@dlﬁﬂr@ﬁﬁoﬂ' (Bfistahe
.F.ocoli crystal structure)

cti ve SI te in _the a
g pltof per-ag R i 4(8kis azrantas ! plosef degen:
versa &7 S&%c}orﬁ%@%@q{ EVEK-directed structure
Frgu

anal ysi s; e’ 14(a) shows the prediction of

283T- 453tighrers(k) Moy tﬁa&mctmrameldoﬁaﬁwbhﬁle %%a@aﬁyﬂc

pl20 with T-cell receptor C4 (1 ; 14(b)
/gh“ewa' At Bregisteddn the exfﬁv@ﬁafcqmwm@mfd ¢ wathed-of 8 resent

1nve%18§-§m% ?&Z@%%& Zrttle{istlol{é%l) B%R‘Lﬂ J ﬁog \;cﬁen(gu g ! Ay Cz%tglryg

RNAWby atcedeagtnmadmcham@baﬂlgt@dédmﬁ@mdhlﬁe SHEVEK
redi ct ra 3 proteins, 20 of vari ous
Pengt hs. %tjall E‘U'Y Bhg‘dggtlpgﬁ@\’nteracnng positions 1n 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
tRINA 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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The followwng is a. list of definitions and
abbreviations for terns used Shevek: An. exenplary

woz@g@%%{gmnt of the nmethod of the present ig&/ﬁp&%ﬁgmms()

ed herei nbel ow. Sequence Alignnent:
di mensi onal matrix of data, where the colums in the
matri x designate different positions and each role is
i%@8P4 hegdai i 6 i re
R R s R S ST
empadiendns nf thEgodsenijowintion tosbaly grediott antoractiag animer:sids;
(such as,..but . limted tg, .the .single-character .
desi gnat |F6$11§6112¢‘2‘S {Sr?etafélr]:e;hls‘é?%ﬁ’le HirfaBRa e oY hrgelebe
an@hiedSyinb Bail seQefbR}o WHHSH c&ji:ésggﬁdJ ra@?féd%&i bRl
role in each sequence. 15 WD 2004/ 027540
ex 080E% theghesent nypationa rapdsy yalepichramthreear
: IQU identifier; aracters be
din e ARRET RS SS o oamosTalih AR Y fheciamplacy
embydibrint oOthe pradele iDfentioy chiea@iypredice® HbMRBGALIMBL acids;
synbol s, _such_as_a nane. Exanples include, but are

not | i m E&re b2(a} thewsdhke geondany stragiereasd o SuiBINA ovith the
SHESTAC proUiothfthe 285 R0E18 iR ffin bifeosd TRP120) show e

pregicliordf ihet 268 dt3é f dntérestionNaapped| onttatha x-ia§ clystal BEudiire;
categorical d for whj e concepts of order, .
Fanic i EiReES TGl G pusi g, olph Yol B4 Sieracton
for MRER AR NAL S5fihkaid nldpptd bﬁtodde(?lgsre'—@& hY a&i\[%%ﬂ@ ﬁlre% coli
nd sp he eve

countries, fruits, sex-type, a ecl es.
x-rasegiveid! senptire)e 43(b) fsen freduanactablesior 1@ 10fal29geedictiat; and

it ' uence alignnment .as categorical,
13@8%%@%%5%@%@5@@%%“%? PHt E‘“F%icaf‘ﬁon)g In general,
denot es Bigufe] ALY HORER REYEET0f D3 TAIRINIA RIS oYohe
specifically, in the preferred enbodi nent, Shevek.,

mappadsonie thssempl digpi 20 with JeeadbrecepienicDAN(1 GAN);Hd(pesbnws
t: i . bl QNS - sequence

the TR iR b BB B E O W I3k P RHE BB b e

hondteptiner atrhens dfdiroBS (180D, 14(0pie aR@git dhoRsng Ardchge-
egﬁsnce aLiggne&&. Au association may inply that the

e"aﬁ’& 4CEWaCHLEE b shpwsy e SEHRY Il predietpd eecaragyrfen] hiprojeins

of BHLudBY LSO i nply other types of relationships, such
as energetic connectivity, a relationship that occurs
along a. folding pathway, or a relationship based on

the function of tggxgﬁ Q@bﬁé@&ﬁggg;@ihgﬁggggag l'ist:

Mat chi ng Process:

of 20 conbinations of positions, and is thus a |ist

of - t he pblisiobpwingds adistaef dafigitions ped phlireyiatiensdby teenls used
herdi@f the purpose of ultimately detecting the actual

associations that exist. In the current preferred

enbodi nesievelt: Shexahplary, edbodiinght ¢¥fthd in@thdd of tidYpresent

non- r edundant conbi nations of positions may be

inveptigm dgscaiped herginpelowany conbi nati ons of positions

Sequence Alignment: a two dimensional matrix of data, where the

L O

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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are possi bI e, such as multi-way conbinations. 25

Frequency "Table: a table that enunerates the data
For

WO zufwﬂéjzr'}uof or any given conbination of positi oP STgUﬁ%g‘g}“Bgﬁ’(’

r-w se conbi nati on of positions (two),
descrlbed by a. two-dinensional grid mhose rows denote
the characters at one positions and whose col ums
denote t 2 0Si t| on.
Preferab Pﬁa&@%ﬁéﬁéﬁﬁmﬂﬁ |1{aﬁeh| Ifc,&?l ambigyous idegfifier; o

charfa:lwry rxmrfy l:tehéphahamaﬁt gymiatlg raagz beher AGCLINE eRtESctdle FAnbol, or
ositi en s is the case, this table

PESES IER 7 ser iRt e
mafle oAy IgReth 9r seppmptiny 8 > YRS & napswEvemples insbie,
but\add At iR iﬁl 8@ lethdr “lqeﬁh% %jore\g% lQfy ’eﬂlea&&rgr d}%fg; ink®
dgr econcei ved or enpirical data e§cr| i ng spetific
an: h@ﬁfaub(drcombma@@né‘%%ﬁhbl nations. |6 WO 2004/ 027540
PCT/ US20 0306$1|'_\6 Eég ted Frequencies: the se[ of
frequenc %gb%-n tﬁ %Qﬁetﬁ“ “;\)féﬁ,u pﬁecaaegolles Nominal data
is amyﬁé oﬂb}&wgbﬂ@aﬂlditat h‘ﬂtwlﬁ'@h ﬁg @&?deﬁfs' CEQ)I 1? gﬁeralg%er have
requ

gl ven conbi nati on of pOSI tions. nci es

no Hgaring. dixampias qf@pn@wédyta ﬁdﬁﬁmﬁmt Isfdeﬁmﬁmddgr a naned) aeh ng

op rni.ng. p | ati onshi ps
cou R e S RC ae ae<f bt SRR ey ety Bpcters
thata:mbllnaat acokitioa it a béqil,entﬂ.ﬁﬁi comahed abpRKPACh&Hink] @RXency
table, and determ ned sinply accordin=g to Marginal

pr obabi 14 ﬁsio%@UmS@E}W%’QOH)PrIB eenaral, Aayoterea tebationblzp between
AR, VS 5 06 RSB GTEA g

attefpisdo drieyt 4saddistiond betwesn andmamsﬁg i diffsienOfosfiochpt £s of
are 10

scor h ultin roma scorin rocess,
seaiiie TapTat WGk FEISBRdS o SBRERT RL LBt 08 chirayiem)fpund
lﬁ&%( GRS
ot R AR Pl snghot Bdnfifont (20 TRLLHES: RS A, dit it
pos@masswate@ éreslp@ﬁfierm spatted piarimitl] betlnhdyods fnqﬂy other types of

relatéosh%ﬁ%%,i smgﬁ gﬂeg% énq(\glﬁv tjf a rgsalfl%lﬂﬂglg El{ag ;)g(?éyé along a folding
pathe@ef dri aCﬂemﬂfbﬁsHlﬁ BARH loA®Se ﬁlﬁ@tﬂﬁf S8nBY¥idrholfule B

Pearson' s chi-squared statistics (sonetines denoted by
15 Cr an&mwwgth@t@hmg P(@Qmﬁnﬁpmcdﬂﬁhmt@nﬁytew list of

cores. (sonet.i omes t ed
comPh AR deobbnfBhe et HHE; P liups RO AR FRC o o be Byer
analifeyl, for Elneelﬁtafp@dbl of ultii@elyastechidthel ARRP 2 QbciBE MR @K Bt In
and 1)F; however, any suitable score

the gt emiad KmSRHiTH R of Sesvelan lirhpf b@ﬂ@e'dmmrqdendm m
com&ﬂ&tlcﬁfé(ﬂ'f pB&itiohd G§ E@ gﬁ{e erHf 1R ?V%]\Si?epatlléfl Sinh naw%iﬁ oépyéttons

Scale Uniformty un|
are pofsisleprueh ahauétlavaymﬁﬂbmaaaﬁh range in common. Thus, for

all sco es ET nge .and scal e of the possible
scores abley pdabls that eramansptes tlmoiﬁtaeﬁoan@tf@ ang gaen

coml%{ﬁéltfcﬁf ﬁﬂo\éltﬁoﬁg FQ'pafe XS ccrlﬁl;m?t&c\ﬁPofipco%{t%gg giweot) ﬁl s,Tpay be

Il ow ng situatio a sco
descriigeddnite Bvas-dinansmial @cbwhtasesrﬁab deifte thetdhafddRs atldnedoes

[ the .foll situation: a score of 1 on a
pos1t‘[§0)1(1 3hd knplose Soltins detlots the ¢ aracters at the other position. Preferably,

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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scale of 1 to 10, and a score of 2 on a scale of 1 to
1.0_ In the present invention, the scores preferably

wo B85535 scale uniformty. Standardi zation Phgf/%‘g?(foz/g‘s(m%

process that takes a set of scores that do

possess scale uniformty, and alters them such that

the set of scores does possess scale uniformty. In
order to orFa HrSthchsied bibs d

know or 3%9%6& er mﬁgle thé; ﬂ?es%g?féﬁiﬁ‘gn‘?lg%g‘zq ﬁ}ﬁ grﬁ%gg%% g{ R
the gull-ypathesisthanm essootatiaoaissioamey goen icombimtivh yf peiti@s.

range of score js.its

i -1 he scal d ach .x' i
SR Bl TR B SR e o ek, Beludivea o
asamnlftﬂ:ihﬁ‘cyn&ﬁﬁhg}yhﬁs 2GRAiE @éﬁﬁﬂl%iﬁg I theSprRE& jMehtion, these
2004/027540 PCT/ US2002/ 030656 t hese uni forrﬂly scalred
frequenals mebyedl]agikinadatesissicagied m sxsctes fhapsessiabicnd
detbinf e =1 e.interpreted as a
oy o AR R Bl et ry: A score
I's symmetScbang Pracess: dnlymieth@Viant refl 0w iR QSbéieMRiedi8ened to 2
a{c}&o ar ed, - g e. . how. A associates with B is the sane
pagficplar poabigatian gfpositions, gometimes buapahres of & frequocadatdo A
ARkhAANPe fiftioF eR; ' & or, BLENL L ON
nOsyrrT]_nE\t ric s_coF:j edﬁgl?EéB%?CgE esf(%alggr%t{:lrﬁglé’%on%g ?%}'cne%%lj:oc?ﬁs’ are
coppladersepeficients (simedines dansted byf;).saariatm-FRélshoolrAERS S

. ' ' . ar h | f |
BT Rt Bl SR AT E T Eiotin ohispauemd s goson apegitic
veRRnldfQuhaimasOlielihepd eaRNtsmhetdid ddbeh bﬁlqd @I),Sﬁm&{afe not .

a a | Z

It 10 may consist of three parts: a st ati1on

infgrytiondsonpgiinges denpted byiML 4 Jb;emcenyintyatoe ffiadnts (sometimes
' r i form caled:.a threshol d 5

el B Rl tRieod's Ul dPeiisfed (omeities dsmaied osde

Cranidrtd WV SREERS (mlétﬁﬁése&eﬁmed%g‘«txitﬁghro%@m% PR o2BLcies

chai n-elimnation process, Wwh el i mnates scores
(sopslmes denoigckby By and degresmddieedem (smnetimandenoted by DF).

P L B AR B SRl B et R DEC bR, any

assocl at

suipblecesie ant atctRMElibaEE thdIgrt bk e fRrmi (AP lyéorﬂ@t a,

in tFi s case the sequence alignnments and may al so
Profss Of His MERRSHEPRINR- for  how to inprove it; it is thus

a met hod | : I and correct sequence

al i gnrren%gs%ﬂr‘?e %ifgﬁlgfsﬁggelxn@g W?’?Stﬁ“’j’fggsg. 9‘1‘%50“35 have a
scalesad sartgevn tymptonc Ehss, IRASINCERs BN 402D WA séhle o2Be Yb¥iMle

scare i S, b% determ ni ng how nmuch a score is affected
SCops 1o qagh 5§96 8 thersamge Feraxamplee scal o Earm@yatoies nptoaist for
twol b9 ik AR MBI GFi ot act | nference )

Exact Statisti Igsg)ggg%tfo:%ﬂ' %Q%%EP{; le’qol?éan%cﬁletogall té’glrbv&\lgr? i of
2 ogjaseelé of § teelN00stsivas bxistik ewaldllowingSRaate: a3e6reAdT astd |

tati s Sci . 7 1 -153 1992. Determ ni ng whet her a
scalf 14538, ar“@_cﬁﬁcf”éesoﬁ% g8 ss¥iapf 59 Kauln Mariesong inventien, the
scofth PRSaBIg POkt €scalONR IBhityCUr F €nt  conventi ons

advocate the use of the s&t of paranmeters known as

Cochr an Statrdizaipn Process: A process that takes a set of scores that do not
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, ¥~ scores are not

inherently scale uniform; the scale and range of each x> score is its x> distribution.

Thus, each x* distribution can be used to uniformly scale its corresponding x* score;
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established by WB. Cochran. See Cochran, 1.954,
Bionetrics 10:417-4.51 |. The present invention is a
nmet hod for predicting

comput at i onal
“K)ﬂﬂ§¥?g#%lecular and i nternol ecul ar b|opolyma'i"CT’US2002”’:’""“6

interactions. An exenplary 30 enbodi nent of the

present invention is referred to herein as "Shevek.
thggg ﬁ‘&tnh 1 redict bo

B Sy SoorEy SR ER e AP Il PURE PO "

unﬁnnlnﬂt)h Psschies uniyqilkel be iarpabled a9h nidafirogf ﬁhﬁsticﬁpﬁﬁm%ance
bi opol yng;ﬂ sequence 18 WO 2004/ 027540
PCT/ US20 56% §ere IS wmmsdieilids m\@e‘{ﬁ%h@wm@smom are

cormBilegn ) | K
TP LR IR, Mk i P RRS Bfhe AR AP B asonietes vithe
Aspmgmng Sqom&dnmobha‘cadimmrsm’cyam the yedsentiifadntign BMmetric
scdLogess thqqt i nproves the efficacy of association
pf‘“% eil‘)‘h ~The present invention is unique Ill that,

inter it SeRBnihgPREARESZCA Paldss tﬁatae%aﬂﬁﬁg L g &%%or%¥ hgl s

It ﬁaé COI’]t aln a screeni ng process that ad ap
progessletarnges yhichfsoreatare e ofsultiod ai netusl admcmtloaxr(demwn the

oSS BPLE hIE, SEPGTRL Al RISk B o 1

may eonzgstlof étecaSar¥e 8 BlaNGAraBati &Y poess, Whick unifénly scales any set

cate | cal nom nal data) in th resent 1 nvention,
of sgares Whigh #g pet Wulamby %F@i ﬂﬂmshe dgnuning tpress, Trhach
ni z
dot i &the VMG R AT HOF Sec B oIS ab B E it

cham—e]anniat)onspnmdesgﬁwhﬁ:h ehrmmhed deerfes e aﬂﬂharésﬁlt%fmt el n
or a DNA, sequence. The

aSS‘b‘F uent%?F‘m'} ?ﬁ“&ﬁ %%2}%386@@ %éfor pldiong cactes lagsogiptibng.
i dent i ti ®$salidiHent Fr@@es?yﬁ%%ces 3 3F%é@geﬁttﬁ§§9£ t? ﬁgth%s

identical to the synb
mplgty:}ab@ finn thg casythie spquenbe ahglﬁien?st o sy A1 provydd s gedtions for

anin nd,of th ThISISIn contrast to
o o3Rlelfie i £ 1S B Wl to apalyzs gpd sPBACtAgace
ahg&ﬂéﬁtgl’fﬁté}ﬂﬁ§ are biased because they are programed

with "rules’ usually according to physicochen cal
pr oper t i¥2sitiyity Brocegs as! sepsitiyity pphobincasess Howsobmy a

v BB o L85 S {1 b rppin e

set. vvoul d then he accorded a score ?0 different than data

whi ch does not. Typical biases in the previously
descr i bedachiiawigs (alsskanvar gt TieaheneExast Inferencs):

el SIS 8oy BRRESRSELLOA LS AL o8 B s seved o
sparst.atSeel Agtdai, Smdzdzoﬂ:z df:13hesprese [Hetdrﬂi’ﬂ/rﬁﬁg Mi@th@ﬁé( table
eco n| ze .dat an unbi ased manner, as noni nal

Tequitgs 5 ot ﬁtagﬁt@a@l%ﬁ‘ﬂ% {A Y alvgys pessiie; hovoven eurrattes
com(e%'tlﬂﬁseadv%éat@*ﬂe Udsh %f frdl s%tsoiﬁfag‘alﬂ&&s lf(ﬂg %%C%J;ﬂg éoﬁ{(d%ti’lorn%

have all the rules res n - bi a
establmheﬁby NﬁBc é:nclmen a\ﬂm @ociframd%a,umsmam:s den1hgnef ore
be conpl.et el % L{ % The et hod .of _t he present
i nvent i off¢ B5HR §%‘éﬁn GRS BRYEl AeRPYtatenal msthod foF 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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"neani ngl ess" synbolic data and can determ ne through
statistical analysis (based on algorithms from the

WO zf)d%'z?’uﬁ’f categorical statistical analysis) ng? {02850(.«,
ive

not any, 30 positions are associ at ed AIterna

the present nethod can incorporate "Hiles" used M

ot her nethods, or based upon the types of associations
dafefeg tgedorhie dnﬂlpﬁotedfﬁi&tse@en&@ dM6 2Pabledfr hftdradfons.

. US2002/.03065i ) Because tile present invention need
A ‘ng 5 5%41%0 thigrigtnsls; the mathesi ofghe preset anvention p@'apz@sesa

ndvél &%’ahg‘i}ﬁeﬂﬁ?&és‘)ﬁhﬁn WEh%t%eesathl% latf'ﬁc{aﬁrnyfgssomatbd ]lolg%‘il tbcfn

nol ecul es and any co ation o regar
whet her oThBrmtsenhmvelpminysrnmqus in haQEgE MR Etd:anri’ecogﬂlze data
L nventi on can. detect

t
I%'E‘TS% EX}P%‘?I] a’ﬁ Blea%e‘i%maé‘} e EProgess daat adanimaccording to

bR BOR PRI afd a9 iifborf cJB'é'géjp |
and FI& 7-11 showthat1 tohe eféemn%? ar ﬁ]g%tq%aﬁw
g

anﬁlh’élsﬁfl i daigplient i on can pred| ct the structure of a
variety er en bi o and diffierent
bi opol ym(egrm% %%asma | nbecggrﬂ %ﬂ%éﬂ?walffs ﬁgﬂ[)?]él(le as
caagmm,cﬂmmlnal data) ¥ thB petsent iREfiGn 3R éaAvETHo EBFB(IO Stal
conventional traditional base-pairing rules:

Chﬁaffs’amﬁs Phreprogsnt imwentian doss apt apsrhio recosnicd whise a@enapegins
or 4ddsC 3ain¥t i€ d pﬁ%té?%ts GJ?J% r r;lcq’ll a%%%% eorrsm n?her l?ﬁ/e dataisa

crystallograp I C
prajeneeqene auﬁNrg setjukfides ot & DNDA Sﬁﬁﬁﬁéeﬁ The pf@@l‘i’tﬁh@ﬁﬁﬁn may

accessibility tests) which can take
re"??e”‘i‘f?ﬁs‘ni% IF-Vé f‘sr‘fiﬁ%tlfleéijéfwﬁl ﬁuegﬁmh%‘m’h@mtbeaﬁcqgmezed as

ldeﬁﬁ@éﬂwfhd d Bi ‘Fanalﬁiad t em e p
__determ negl%gt ruct urelgf\n&i fﬁg%ltsﬁcﬂl 4 % g%é’re@ernék (BT
B} nmayé;ave)anmgmm)g isreotd ahif themselvies. N Th mim coﬁﬁ'ﬁtﬂft@ﬁ% r@fe-based

teI % See, Fi 8 and Exanpl e |

blaﬁere rn. 103%‘8 "‘%9 ?/\/&3‘7‘ llbfq“ &9&&&6331%& ?é%’éﬁ@@y are
pm@fangn@wﬁthc‘ﬁﬂéd’ ’Sﬁsﬁal@faca&dlr%o@p‘hyﬁe&)heﬁﬁk%ﬁ ﬁf ert#eg Sor
st. 30 p03|t| ons "are conposed of sequehc rom

eXﬂBH?B? divAeophebig seskugs maydeaspioeidtip amsracoitettbrisvish othburm
{ t th
by @oniRRR: Tl ofip RGBS RSP A pecoedfbi S acpres

diffipdat ﬁfaqulamascl( €8s ol Typical BiaseR iR @Rl frbABSsIF ABcRbLES 2
| etter characters representing the v

meti?ﬂ?‘"“r és d’ﬁﬁk’ﬂsef dnchudedhe Pﬁﬁfdnwhenmal\cl)armtgmthe shehsts size) 0
hydﬁﬂﬁioﬁic@tgsoﬁftﬁer%ﬁﬁﬁ‘é?ﬁgl af xdd VA  sequences (each of

t hese sitions cont a columm of one-letter

char act eAs stafreé;the ﬁmﬂtddnxj thdrevelt Dt oHIEhe ké‘co@ﬁjb% data in
ma

an unddl elqtq user of the nethod
"5\%&}58 B?mE‘fﬁe é‘%‘i“gi‘ tay %ﬁ%ﬁd eEipg o Ueash’ @Htﬂéfr Filesdsince
all the eulk@e thot hdvhandBE D 8hre R 1w BE {.Iger ks I}Iesu'h.? Y§ ﬁ I%)Q[B?

not aware of these distinctions. présen
presgahinyention can bk agateunfms rakes Iaﬁdmam@bﬁﬁﬁe by ﬁb@lbsatelﬁ aﬁblased
h

need to recogni ze protein from RNA _or the
e Ol B PRt dRiFREOR Fam e oBESPhRgpestiaidoher
me’iﬂﬁgl&ﬁsﬁrﬁibohb axeRhd e4h &‘fﬂéhﬁlﬁ@ %&%ﬁtﬁtﬁﬁcﬁ'aﬂhﬂyﬁ (lt)%e&) bn
differences in identity o
algorithms from the field of categorical statlstlcal analyms) whether or not any
positions are associated. Alternatively, the present method can incorporate "rules"
used 1 other methods, or based upon the types of associations detected by this

method.
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a given. colum. Using statistical tests that rely
only on such basic recognition the 30 present

' Bfj on then determnines which of the 90 I d <
“K)mﬂgyﬁbgﬂinteracting In addition, the presenﬂﬁﬁgﬁﬁ%gﬁ%%?m

i ncorporate ail adaptive screening, process, i.e. a
process that does. not rely on pre-defined, arbitrary
or absol BeBaush thMRRAPM AR L Jé@@@ﬁ
. threshol ds. _Igpr ?\e;%mpl e, but ot 'ﬁgﬁ/ wal %%Qﬁggﬁ?raeti on:
biojagiva} charestetigies, it candre wskd tmamaiyze angsumbeesf Hopolametint
I - due to.both trivial. (i.e.. sequence )
m"géé’f‘geét%ﬁ% ATARe Thiisat© | %&ﬁ’g‘ﬁﬁﬂéﬂlﬁgﬁ%&e ‘ﬁ%ﬁg?f ey thgmglymer is
profein-dndi RINA| ol BRA0TEuY, theSprefeANTOENMRI] QR dIHS: ﬁ%molecular and
. function, evolutionary tinme and distance). en
mtegERlseulr assesrbpridiatwernomd gowngiposisin, RNA enhPAA.son i s
made to I, N€ .similar is. the type of order at
a posi 1 SeuEbiEL 19 BAis T el ! B P odancit of
the present inoentonden prédict tetshut@sPSCs vireteaedifRfddehibpalyers

t orders (at the conpared positions) thensel ves
md(£§?%ggwe?léﬂ“ﬁf yges ieibh Bigchonally )mutzm PBPreadh hies. without

i 3 . e eari n
ot i effihol SadIEnARERA AR IR Moy e

strughypeaf dorgainfV ef the Sireuroki cafhlytis RMAATS) daSndt blef ddBMnined by
ordered) but not conserved

h_be.hi ghl d,
mysﬁ%lfqgﬁgﬁg%#ggwéﬁ ﬁl&ﬁlsag %"‘I\)/ﬁ&r b e&h deternpingd, gsigg Afisdl bierhemical

technigifes (@81 30/t SARERThiRlIEHd) wireil e HonfEk) B0form. The
sequence nunber, alignnment nethodol ogy, and
exephIry emgadimest okiht presendtitrentisn valcwsted thnbiathenhieally

' -have.the poteptial. to effect ordered
otV EHrd i abHlEsRY Gl Comiater o i g oo with
an acheaey Smﬁpmﬁmafd}or(ﬂ)_%.%@e @ig?,.ey aﬁéfﬂla:‘aﬁ iExhdipid erBfn€sent

nmet hod may deal 15 with theminplicitly, By choosi ng

t hr eshol GsidsF by wagpf efangleressquoserticmyettaonsiats of 90

dihst K ! . res. Scores.will cluster at
pos@%ﬁ%’g& va ﬂdg{é te ﬁ)tjfggg%t 0218(%% erey°g 8%?‘6,‘1“6’?08@5‘?’81 Igé‘%“?‘f‘f
(cach @iitivse pesifiens centiid axplizhh oPOSd-lotiONchardedits SGHeRhiYa the

.scores th%%)ctgo NOT . _congregate with all other scores,
varays goping pe1dgh e second 36 pogifigiey 3re sempesed of RdbA soqusndesr(each

f HRBOVEi RS BN 1 er _experienced
° By AN posi B ol Sl R AR SRR PR e
nuclpiggrcidsithendindNA) onddbe test 30 pasitiameng cpapodei @FHNANuUS,
sequd etSI;trecilhg.ltd for .a given_score is chosen to exclude

qugpgesd el these posibionSicoptains pegoliupn of Aucsletipalifrriers cor es
représeating @R LA Bu NI ELki SAShAt

P shourll% be appreci at eél@rﬂtﬁ ﬁ%?g?g]tr@; %hﬁg‘%fht%hug%cftt%%{mtmd
may bR itbessl dissingtionse (esrieyuseadytefroince tiehinglatia teatethod),

.S+ : dol o al sp_seryes t.o explain why .
the pENeR TR o St Suatipas M rosmmumsiongan trea
all cdlutringat eleyninglass Skl bhd@o&R ot RAES r@&%ntzté?r tein from
subsequent selection of outlie.r score a ?oglca
RNAw05 fisgdgiope pfoleguie fsero tlesbdginming efaatioar Btk mosdnine

. . th ists th i L
invefifiFeahi8dnize I Sng bR Aiodicesit MRBBERAIPE rbels vitgin
a given chlugtirs Usinpustatigica Rt tsitse) il & s&dh Wi e gadtidrthB ot

unifornly scaled. Symetry i
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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bonus, as only in -e score will exist for each
combi nati on of positions. 30 Chain elimnation may

wo 259,496 i mportant in the screening process

present invention. A position may possess O?I&g/ruégﬁbznmmso
order with respect to nore than one position, and
“this ordered order may be of different strengths (i.
I (T
thrgs%%ﬁcﬁ. ﬁ&r e’%’]]{l Yogﬁgl%gé)ﬁé%@g%ém%ltangl evg U}?Pﬁsqgmn%lgl%n?éx él%gnl

has/etartapt a&emae)f@fde@ FdiRe esbah agvial @ ueset;oelaﬁgekec@dn o number,
arson g a conbination of positions alters th

alignarepd eigiedss otel epdrmoprrivighirasens (1o faRpwAgRton %ﬁ% fynelien,y
[

oviinPERE PATIROP WU LFL o LORERAGH Sostlh, #
commpatonad made twﬂdtémmaﬂhww gnslkorsahe t)baatof dolemat a postiarst er

W th aII ot her_. scores i tion A associ at.es
compaipd i g‘FfWP&rPF@"g%ﬁHaP gli“il*r ‘=~€pvc}9‘f€ ’é"‘eé (wiith respci] cprother)
areR8S @rcfef?séttat hBRoRBhfed poitiSs) ARHNRRE E@Hn&i(ﬁérgﬁisds 96/ARAS)

suggesting associ at| on, even if BxC do not. in tact
ordge'3.oThistcan pe Fojerpréied s arderabedoithe sesuenceasmfabn@ut zm

sus ct .t hat ons _or _chains of oqrde

B inglonils i 30 B R ha P rs pn RO e Bl e i, PR

ma$ @u@aﬂ)e high B doAkdrogt, (drtiered) MAhoPOSiHEREE iV &egms widind(thus,

association information al one to tease apart such

noldp ey seqpgngenh dhysdacking erdered wadas) Scquencd selestianm gequpece
nuxPﬁérn Ql?@n?%lt %etk?ord%ﬁ)rdggt aq(arengTutloH asa\%‘ll gé eftﬁﬁr %ﬂﬁdeg caﬁ %M %

ONMMess Imnis he strength

comfdesadcto havel eegqubtantidien eﬁ&cﬂ drderep bcttmgIamesd off: :itu:m;)tmg to deal
step in, the screenlng ess may include th

with gath 9¥ theskroutres T ORii ucs expheIty-¢he Breast meé%ﬂ%@w depd

with #er? ﬁhﬁﬁ&ﬂ? rbgﬂfhooﬁﬁg Mhr&nBIRTECA 6138 §&£bsa£d08féhngt tla%e 15
represe and strongest associ ation

disebatipn gf wuh sctizs.rboofes ovil ehuster at stene valﬁhéueptod:he nltdered order,

o ER O SrBEeIS SRS Su ARG S e
corzBEdafCW1tR AR othRk BEIbO FolRéA sBarRs, MHo@ ik 8I55R6ed bidBred order

information requires the ability to recogni ze and
abavandi beydansldhatadith erdered puier gapenienDed by alil gositions. Such

ad@é%%iﬁﬁ%&% grger 1S ?‘ﬂno%t e&y %%e thL%/g;g(g((:llaj %(ﬂltgﬁ)%él.tlogs tThus a
thréshb OB breRlsCorefid edséd @WREludt AR sCorex ittt Sludiet RREBAE Yhus
for data m sclassification. Such inaccuracies can .
kecgingstopreaithaf captpicerdempdorlen ity asmerialitone dhotiny!dre appgicaated.
h
the%@(?rh o@ﬁf’t'fh% hﬁaﬂ @g@%ﬂ %@ﬁ% n%hgﬁéf%&y gogcefa% ﬁth alyTnishe

metiiodalopgalyestrves oCapiin whiy epmadic mﬁBnmel sSaled scores are
m scl ﬁfSl fication problem Therefore, the presen

prefertpdntiigRatelin Msm of RePreu e sehnepwax iS%Jﬁ%*lOF‘d%f ofiflier
scofe Ha? RificA ﬁ{e%n FLREStes ﬁ%e%ﬁf? LS(’t:cﬁgd Hg iR same scale.

m sal i ghnent pr s together wt ata-m ni ng
Thys; debretiists ttmmxsabka reqmrement foe raattandardizatioaprodetiere prior to

| nventi o lneltso i ctions. :
sucR GRS P iR T 0vls P et Searesit Ay s Setpig s o
borfid! :i%tﬂnlﬁ 6ﬁ@§cor@ﬁ}ﬁi $8dtSor dabh b§m@ﬂ1\éﬁ8ﬁ %9§«9éi'§@nsf or a
met hod be able to quantitatively "Judge" its own

Cham elimination may also 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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30 accuracy, before requiring tedious experinentation,
t hereby trenendously reduci ng the anmount of
wo 2060B8L rimentati on necessary. The nethod of t%%ﬁﬁwm{.sﬁ
FVenti on may do so by quantifying the sensitivity of
|ts out put predictions to changes in the input \\'O
_ 2004/ 027540 PCT/ US2002/ 030656 data set. It may do so
er i g dbe.d Ldhck & Grdch¥t Jrfiét
Wlt et ‘gadho%e%tfl {@'n ?L%ihgaﬁgltﬁtgl?)%? @%nelaosurl 1;15 how

due &f 4s86Lidthm SR @é(ﬁﬂblﬁhﬂl(ﬂﬂﬁ" posiGions altdr sheilandskmmyvef oader in
robust ness. Generally, the conputational nethod tg i h%Ie

geﬁfpiiﬂes@ﬁ]tilﬂg AhIBRS; léﬁ‘»hf Ehat thssem%moafﬂ ip et nteraiions yiidyall giler

ﬂi%lr %ﬁ%hgﬁ ]pl?z}rﬁ%g QL YR aE&EﬁEléﬁtWﬁf‘&hfété%E@[jég that do not
mmr OW ng, steps as shown in Fig. a)

cluswbt;s&ﬂhmllrtghg‘&:nm céé bi, mqmlsmm LA &sqcuetns: emdialoanm;a R, b)ld with
performng an 2l Lgnaent. by aces Sl equence

posigan &> ¥ cmar & %"é‘a it LeigRRERT CPPoRaL %F‘Ud’t:”rc g

sug% 6 6ci i RUENF Flat do fot ik ot §éé@h1§€ét)| Ber Sebdheasons it is

ence alignnent data fromstep 3 to 1.0 a
reasomhﬂn nauspdchthatpiophpaipnp podess of m\ﬂ@ﬁéblﬁmsma@l exist. Since

assoglf%tqu% %’%155&%315@8 ‘%123{ rirﬂo agf &}eiggpaé:g)%] e[r %ngt rpo%sa ie hlg s'uéltl
assofcfaﬁgﬁ' TS AtRR forded tez%@ﬁﬁarpﬁféﬁlcﬁhlﬁs as ﬁﬂ@/lbat;ioﬁsﬁble Shiowcsbr,
performng a scoring process 6 on the actua
to détermejue they pinrariss of puterest ewdersn apy givsachaipngivgn hat
creenln (b
g R o
propag®es dhds &ﬁte@fn thE screefifg p@oes nady mnhen th&jﬂbmlﬁzah@m pf
subj ecting the second set: of sequence allgﬁ 8& % g
chaipgokerdpred prdgsy syell 23 the selgefion of sueh apHIvAgleARsagEtioptha
' d ord
o BREAh LA TR MBI At By BRSBEpIb g e
i Nt er actlibenseseht @psntidh Asochad the dapaciepet dnalyan tef quatispaf the
2 throug e el im nated. ternativel
inpul RGN HiEPBE LR SR OB s SRR Jin i pBSiaflon
1nfoﬁﬁﬁﬁﬁ‘f1%§u1§t%vtﬁé abilitHREScd i Wl REAAIE Ghik TNV 1hblﬁ data. Data
accuracy of the fi'nal output data. The bi opo
© is mesetposified wianever aﬁ’atyv ¢rasto bt the gt smﬁnmﬂhgﬁ@m I@n@ because

source. For exa enc may be
seq BT TP ORGP S e Ay PSR o ogy
mlsélﬁ‘écsﬁ'fdiﬁt)ﬂl Hhch ﬁﬁ&@hﬁac{efg @&h drastically affect the scormg and screening of
htt p: // ww. ncbi . nl m ni h. gov/ COG ;, Ira addition

data praprsbylirir ingenguain peediiioas. rigporsinglysthe Breshorbef th present
o UGB L s RS on

proflah. Theefors sesprekdtit @idcnton cahie aflatgumienigesgp cocaswnofor its
the present invention 2, for a hypothetical _ali Elent

inpu datarFyrthesmges, &y soupling thisrmisaligpagnb PE0Csss IgRFBM W
4 L iohRak h
dataéﬁfdﬁa%érerﬁrgc&gggr%dg% \gfri"l?rlll[:‘ &eljﬁfq@é’\ﬁllaﬁl%r ?fb?es%ﬁﬂ ihl&iohRah he

using one’ of “many al i gnment
reﬁz%)its?émp'rddmmnom in the art. For a review of

seguence g gnnent met hodol Qgy, see . Philli e aI.t

2000, 3HOpalye Fgteriey data Migng 3aay. Aamraghire Sytgut trro

anafygig.oft Psoa{(ﬁftaﬁﬂg&ﬁfs,ef& a method fo be able to quantitatively “judge” its own

accuracy, before requiring tedious experimentation, thereby tremendously reducing

p051

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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by reference. 23 WD 24104/ 01- 7540 PCT/ US2002/ 030656
The conbi natorial matchi ng process of the present

WOZ&@(@&% on 4 (see Table 11 herein for exa”pbg}/uszoozmso(,s(,

generates a conprehensive list of possible

associations and then uses this list to generates a

frequency table for each possible association
daBCE&OMHinag db So biMaldridg@umpeinads: [ ardddpd At NGk I

an introductio%@see Agreé??, 5 199%% Aﬁpﬁﬂfrgguc?ééﬁfnor
repg vt symiencss) amaneasanag hew o itenithessameNisodiviars-acciihghis is

ri ess may conprise the follow ng steps: (i)
k“?ﬁ’g‘jaéc‘??‘%‘%&a|| actual frequency tables to an expected

f r equenc\Gagentllyathe compliatiof BRI ST3h@Pres& &8 for
frequency table for each actual frequency table, and
predigting ipgimelcgdundipeanalgculpy kiopalagr intgshasions (Shavek)
: ' y table to assign a
co%@%%§§?§ﬁg%agggﬁaggkgﬂg&%%ggﬁgﬁé associ ations these
tabl es repobsanhg ghaohicibisailyyer sbiecnse datang(b)Pp@ERESng an
l.ghé% ftur ther conprise the %ene ation, of other scores,
aligurpn d)gO,Cf:EﬁJ\E/lﬂ’h Sepgnce dags Whetsingaid aligamepjprepess fEgAunces

seduRaek A1RmbichBdata SRS LR EMG o BB sSGREe Q@%[ﬁlllé}l% ?T;a"frcﬂfi‘ tlep 3 to

above, The screening “procCess nay conprise
a codarwitdrial mgtohing rocased Wheoen sdif combinatdriahnatahéeg iencass

t abl | S fart her .defi ned .bel ow):
eoh§Sa fis BRI s e BB PEoh R bR Tommiea) dreapucy fgple for
cadll RBEIBR dDcitishand@y ﬁ&r@@hﬁﬂ@a RERTE Db Rss 6 on W £dtadTBY

i ncl ude subjecting the scores fromactual frequency
frequgmicu sablqsexm slep §; 63 penormiag asereenisg prodassdl; £gk pesforming a

: (hic.to .such.tables |ad subjectin
i GBEREH o ST bhiohd R e prafs BURLFRR nitond st or
secfipacesdighment GiteMday stibiedting theddedcRTMe 6f 2QusRRGilizhfichdata

such, t abl ﬁs or by subjecting the Normal and Sparse
to ?t?i@c?uélﬁw tabied) eaiome ansighel aseeqitiang wherqup said set of

. (] .e..

s BERRSRN S, PSR dnS Shoflo SR ARBIANGRS g, St

8 and 9sthangpatider etstgedY bicjght ) naytherchistinted. datmativaatsian 8
threshold for each set of

anl IR Bs e T el - e e Soeten S adnerap Aone

imprbv€aRatdracytsr tﬁ@ﬁﬁélfbu@plﬁ%tapf filtered scores-. 5
(determ ni ng any chai ns of associations that may exi st

wi t hi n thiee bigpelywier féduenseathts t oragde obtambd(ffm any reliable
et efmi ng'.a .t.he .pi nnacl e associ atj on Wi thi.n. eacgh..
soufl @ SRR ot R Ao B RS b Sy thint i, i Ritional
Ceiteedr Bidthfioby LR nABEAOGEBN (W, present invention.

For the process described in part (viii) a greater
httpiiYryernebinlgg. nibegoart OG) a ppadsittiorabivpetyores seqysase dife inmy be
: Ut d.n,a great. .qossi bl e.. .
obrREERRTINIPIPLERM othhed ApERNRESSH fenpotamer
seqiitiee dalalk@owh e ter etisisén for Gle RESHE Indbhigsh. POSi ti ons
may then_be used, inter alia, to: a) predict

. 0: a),
i npor t an}eeigPgERt Rropesef s prevest ingFntsnadifer a hypsdhatinl

alighment see Fig. 3 herein, and for an example alignment see Table I herein, is well

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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24 WD 2904/ 027540 PCT/ US2002/ 030656 structural
interactions; c) analyze known structures |an-

' rtant motifs; (1) analyze crystal str 56
WO 2{»6p46r9839_ P %r%tgg({sgﬁoz%%f. 6

sible artifacts of crystallization; e)
internol ecul ar interactions between and anong TI NA,
DNA or proteins, depending upon the data i nput
(t her ef ofrg, odrdMiSaibRAIGHLMBLILS BrdbRYs SahdisREM: ifvRRtifOk fsce
the prediction of novel 5 associations as well as the
Tabiplldwutiafordaekple) gaferatkhowmprsbersiet lisd nEpgssibly asspiatnus

otein stability to i rove ef,ficacy .for . ..
andhlyety i 0 Do eoeat g BEUISNGY b1 IRl sdsiuipiblcgssociation
accERIgHg @&helphﬁﬁﬁﬁﬁ@tﬁbdegﬁor !t‘a@ulhti@lg.t EdrBnnatrehiction eseh bfesti,
rel ationships in evolutionary nodels; and h) better
199%ede intveductionte GrtzaidedParmdiealaty i VBilex yYsa@sYorkdent i fy
new ones and gener ate a_ dat e~ of e .
oo nor P 0 PRELE S P IR PRI cflontieps: () subiccting

all d@iial fQueRgedtidsan dhrgpiddbajueacy g&leldibia (i) @adrating an
pat hol ogi cal . nmechani sns. In addition, a sensitivit

expseiadl fsndensy sbistor gagh achnl fieavracy yathe ang 644 yr1ps &?Clv\%ﬁ){l?ﬁted
B O - !

ol QR o) o0 LR Bt Aich ssprptanli;

cach eptetposgbletaegsiales thEscgtables repaesanic duditionglly)dke scotihgn

the sa redi ctions occur: this is kno as ..
i g@ﬁ%ﬁ eIk 25, H! Bdindyl

Propess g fueler compripg thg,genargign o gk

to, hRQOERRE 3ikch MY RlqUirb Yirdt GERLSMEEhe BEGE oblai RS bBA )
occur often are robust are nost |likely preval ent "and

abomet due to error. Furthernore, a nisalignnent process

may al so,.be Eerformsd Thi s race i MRy conHrise tﬁe

fol | ow nEPEIBsunSARCesy By cpRRE thalanis MesSoraha
the h@bhleBequerdy 18510 af toRdall Spafse Ffigle£ iEfhed BERANALH)ONS

(the results fromthe ‘t%rgew ous screening ?(1 process);

subfepting Sisperct phiginet &ontihe sroringseraesse o ¢ spndasdigglion procedure
o) RTRRS R Y i MOBSERY P Bableh clhif e

Norived it f standDdiz&iom. pra¢edusngpeificity saehbfablet dmbsubliting scores
m sal j gned sequence regions to the alignnent prqcess
from actup] %@qufpcbt tablsh elapsifichifrnaess tae; Zagi QR groophwre

: ) i . . .
spedlEE % RRATRIL. RAGSESRCIY et 8ifl Wa S8 ONRHoy ibles o tho
sanesiaklaidizatiog proeedh28) @lprgduren. skt ofldtandardiizer(i.ofuniformly

) ences.jdentified as m saligne inrelatio o the
scalpL s i SIS Sl R L S R B SR R B of
detdrRSnAiéalprd ks obbgn b ﬁédrb Are ol DRFRALN set BEscoBQENI ) filtering

1
sequence regions within these sequences may identify

cack s ad s¢orenwng the thresholdscta enainlarseheliitatethenorest OO al |

ot her processes. of the esent inventi t.h .
dotellipg GA LIS A giesaORB T Fio% Xt Wikhinghis ot &F filigred sgores:
andi(H) @PRAHRMo t8E pinRgclt YR8 ciation Vit PELh \WHEH. PREGYPIERSle N.

the alignment. In a preferred enbodi nent, given a
assquiiasionk yreethe aldad praskeqtions of dgupeibed obithi graserftnvetign( For the

pro%é%ﬁ?sl]c 'Iljtécging);%i W %tfi%afﬁfir%gxlx}@}fg gf 3&%96%?,03%31*@?{&% 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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PCT/ 2002/ 030656 obt ai ned using, a search program such
as BLASTTM (. Altschul et al.. Nucleic Acids Res.

WO 2@%%3%9 4302. (1997), incor por ated herein bycyH(sﬁoozmsnmﬁ

erence) The nunber of related sequences
shoul d be identified - and subsequently aligned - may
be di difficcult to determne a priori, because the
strabtiad] QoYrabinglRr J:)deﬁ ZOREABIK s&&hﬂ@?f&rh@%oﬁﬁﬁ ot d§ analyze
determ ne signals fromnoise, a relative measure
crysil lspctires forgmekiblegrisforid ef styarntltmationse) psddldt/alttatmoiecular

iR b P o R LS oSHEREY Ehende o e

inpit (fhbreat; Stﬁﬁuﬁfbhnﬁﬁﬂﬁﬁb Bé ﬁﬁzfﬂf fol B&h@ﬁéﬁ@ﬁiﬁﬁﬁn ¥t novel
threshold is | ess than then the data set is

as§ORktiPPS &5 el ps/ths mlleculan dpdﬂng phkudn @ssemmc;nsﬂuﬂlaﬂmce

prdl %{h 3@%\%@&@%{@9&[ #&%‘ap 28 q%g)d esvﬁﬁvmoﬁs%dd}?gh%r neutic

or dhe;rﬂ"):al Ijrbcdssesg g}fiﬁ:ﬂlﬁﬂét@‘_rrm&@f)hljdo tenetit egaddikipas e®Mionary
pper limt

ue ossjible, with an u bei n
mqéjie%pfﬂﬂfi: h gff%ﬁfa‘? SnogrLmolsear M@rﬂ&ﬁlo&mqsmﬁlp@h%dlew ones,
an@@é’ﬁe)‘gt@ atdrzlﬂlﬁ%estﬁ gH&ﬂﬁFe?acno{lse T 8N3RLY udel ‘31{ Aﬁ&?%&ﬁo%%%: for

diverse set of honol ogous sequences t0 the Sequence o

understending me@bohe,d:ellu]lab\aﬁ& patholog@ahmeehaisver se t he.
sequence it ma al i n t hem

nore difficult be t
15 Al gni%ﬁ‘ﬁcn s ASGSUYIEY 33 SE%B?E§¥ fi&grlpﬂ 3 Pfem
[ rendde
pe e gg\gﬁgi;!ﬁiéa\llyet%bngﬁi@f;ﬂteﬁb{%ﬁnﬂ1}1%1?2%})&105‘?:5{62[3& I?QQ % @the
addii¢n p@m@vaweqmmmmm@tmytdpe 3€oisg. dé,ra&ml og»emm@lhow

ot P RReQlon? BRIFNER B)STL FlmmiB8eri sor SP503H51°

Bzdﬁ;&ﬁrﬁzdeﬁ‘SﬁSS&m%ﬂﬁﬁporhﬁéﬂ Metely bRiTerdBsd. PrbdiBliohsttRatRRVE: often
simlar structures and functions and are thus

areplsh preggost Mk prevalegh pehng dodposed of = 10, f % gaps

Engi neer FnatchoR’ oG8Ry SRSk il o yob@hing, s
proCess mxathcmanmh tiad folldwittphtepS1(i} Wentifyig Webatuhistr@ency tables
ese sequences are then aligned

coriSPRIGRIE IR AP PETIFLTHpr G GOSTFHS TerUST RS Brsefooming
proﬁé@ﬁ}) TRPAIY; &ttmg lthe acﬁié[ ﬁ'@r?lﬁi\gggb gG4h %%1s§g@krgaﬂ%1dent1

Organi zat i on, I ncor por ere
progest ¢8:dfige)], to ﬂe@rmmﬂ mgsalrgnzﬁ s@usecpEdaBisall gr@d rsaqltencet regions

ff h
19 i3 s S0 Seeihentip pEtBied St arum ooty themmeTh
probdse PR g&b Ogégy@qﬁ‘%@lah@wtdafas UaR ml%al'lﬁmﬁ:ér@ prokbss Say

shown in In the hypothetical sequence
ldeﬁmﬁygwﬁ@lrﬁnedﬁequegces 2nd r¢gionsrvititio tlosd esqugnedsahali kit irem given

i SERE GRS e 2B ces Fonid e gin 31 Bep i dera
mudbdr @ c@frNtS) A bs afl uRhERiol 6f t%daﬁﬁ}%ﬁﬁé inithg Qﬂgﬁﬁ@ﬁt the

2-8 represent related sequences that have been aligned
actugl eusHee regions athin these seavesres mm ilengifFirgas ip, nemb aense

corlEROISHAE AL MASERASE e SEBECRR 1

asi ze the universa

mlsdhgmhem @rodess idbitifids xmlse\ll\@na@ Q&fu@ﬂg@ ‘hﬁHependent of the type of
‘o PCT/ US20002/ 030656 to be used for any biopol yner,
ArEusayense it theeligAsited to, protein, RNA,  and DNA

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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sequences, and any conbi nations thereof. The alignnent
is read into nenory by Shevek. Then, the conbinatori al

WO 20 49%9”9 process (step 4 in Fig. 1) is per Mﬁgﬁﬁ'b’gﬁ‘“

ows: A list of possible interactions
generated, by pairing all positions with all other
positions (non- redundantly) resulting in an

ustive list of all 0
obteGRrER T et Trnden g RO T A B Y Mgl Ras
Res2bd: 95802 1897 aopBtated Reidt byRefkdiceN S]IheAmnEber Gf reddred
an exhaustive |ist would be the conmbi nati ons AxB

sequRacss thmboum@ idgiified arrmdeupyeangntly aligaed +gpaydecdifiicylt to

| bl
deteggﬁgz a pite 3 6%[% : élé’]uset}r?fllct:ﬁ% L%gFrtl@ﬁ% g 19\;6?(68 e ﬁ&?se%gf g ble
detcii@ie ﬁg@ﬂﬁ B6maniseoh todutive nivasuragiatiat ttfaneqelamg yomaﬁhmiard

. Created for each and every pair-w se_conbinatjon on
sigahyauy.| Howeveicst EHAG! (ot hBse1IeB g PR RIdbY Bggmeter -

WeY| PBSicAhBon GEE HHRREr V
logﬁhﬁé#mlags %sﬁ%g iver s?‘fgq{é@@%& act er]gm% hat gpr?ear rat
threttndd ismsqdihsm VM theniihelddts sétns inveffpaintly smiadlend/or

t ch t [ the fi t
imsufGapaePEivPEe gD sid YT He e L b mefre P dhu
valueh afeq%ﬁﬁ~z @rahé\ae S6LAMNRAT ({aAfe:i. & 0] YER goh&aByiseful to

col umm. hi s manner, nNoO charact ers are ever
iderndids asrmany eecswn@ts aapowt@@smth BYUPPFD hbﬂet hoieg sawdy B8  t he

fre har ac S
conitafanilpoSanER patE e HRe FRRE SfhShecs” PltBlably fhe, |
largBdt SREHLdiT YLk bﬂﬂomﬁogcblfsfsedjlﬁdﬁbes‘ toQhe ﬁqb&ﬁcel’mhﬂ@ﬂﬁt it @sed.

g., Chia and 20 Kol odzi ej czak, 1991, . CABI OS
Howeves thasmye divetse ﬁwwe&ﬁh@@vm&lfﬁwﬁ itmpebe tosaisg) them.

AGRRFE bR ahthethodt i B E HRERE B MUckBIby Phillips
et a? aiom M@@WﬁylglgerQDEMIS)ShB Hag3a, iihdqrpchgtegélefesn bp ra-ferenci IThe
requenc ta e are t en eter ne a Si a

follwmgﬁwo%f‘cw@ﬁtf@ ggperabgpdelings: ﬁ%queeﬁtﬁrﬁ%?fng % Y
t nt
charta BRI TUR AR It BRSS, ) BardcBesARYS 309MERGR A BRTET
idenltix)Saﬂem@n dokmlyi to hEvegsmﬂar stlptirerseldinadivns fiod amxthwppreferred;
ut not tatil on
) Bemis o Bpo RS P ek i M RN E B cd ae Kopte 1999,

Pr ok@ﬂbﬁ@ﬁ&éﬂ%s 12188194l and TRt ot B98B! ClaHV EPi. Bioredlinbl, 91457-
fromother ethods in this regard because it can

461 Hamuibrs @ﬁailsrmyseqmca olignmagit. Htede seuangas preiban phgtedusing

R B Rl R PAT KPR raRoms? By BbREeR pgigcutar
BlolB"ggtCﬁ'gﬂuEé’tﬁinn eernigsy1997)6doporated NitelhdylrbRréRE) késalting in

le is not explicitly rendered, but instead onIy t he
a Sesm,ﬁmc@ﬁhmemlm doslonmsal aRiffresroaRrBs0sBRCHENEREIREPW;

Is.calc
R G RO e
3 ind@pantis scwm MrRYi DU the dypotREidap sejubhatalignmehasfitdg o) the

usi ng bi ases_and/or rules.
numbers designate different sequences and capital letters designate the different

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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wo 2 bl n]gﬂlﬁ

Frequency tables nmay then be evaluated in the
follow ng manner: any row or colum in the AF table

character denoting a gap (conventio ly the
is elininated, which may be foll ovvedqlg 1o52003/030656

eI imnating any rows or colums that have a sum of
zero. Then, any table containing either a row or

todsel used for d.h_mb[tﬁiogﬂn&f ml:lu@fug! lﬁﬁ%ofrﬁﬁﬁlt@@ t& kaéfblﬂam afDNA
not scored or anal yzed urther. Finally, if
sequPRsET 28€ aebawnbmiahonsﬁbela@ﬁ ual frequency tabl e | s |l ess

t han GClIr 0_total uen |
the actua %E ueelﬁ{:s % m%?ybbé'n%? eé'd %gﬁﬂn H’latonal
msiching qilms@(maipymdﬁg Lﬂ')ﬁ@@‘rfonﬁ@dl 8s fﬂiﬁbw@cﬁq{st b¥ péssible
osi.tion h gap characters. GCUT is an
MERACHPRSIRAY %’ﬁ&e?ra%ﬂlo@ép Hangal] pospapusevitk all sthenpepitions
n@@?&ﬁn&ﬁﬁﬁ? %ﬁ?{tﬂé’f zfnoex%%)stwg h&ss aﬁlﬂog&ﬁlte' 7owg¥ r‘01¥.bmaf10m

necessar conput at ona
ofpositipny Thns bphveaysefoniamg]qumby éis sn hlgrivhean ﬂpﬁ b6 thers

f th | bl d
pop{Honf b T Hh b EEH R i Moy I e CoPPMsEDS A, AXC,
AEOUNC, BT, anbi €140 l\ﬁ'&é fHlat [P Edn b bt %[1 Endiipy yé: B Eh%]éeoare

an approximation of u) I's an expected frequenc
378 @pssible gompowatipnsand col urm j of - t he expected frequency

t abl = tot ||
oo 1 TR0y Bhie GueS SUIEE sk e ke louSs: An
actﬁgr ﬁsc]uenc:)l 896 crévied fd}teﬁélﬂdiﬂtdv@rgr pefr-fre RBRTHIEAn Qﬁtﬂﬂs Tist,

ysis, Wley, New York |ncorporate
-%%11188:*9 Hy fplpwingaeethodofomy: Eesu, 8 g1‘v‘r¢ﬂtt¢1fé6 s dimensions are

L A e T

in thapdonvish anabingiiore . Eavhtdifittent chanster i ﬂhtesﬁ)rst bisMRR i Hi%en its
char actctﬁrf’gr;found in the correspondi ng actual frequency

owpaByecachiifergyt chatactas i the sprond pesision ds giveriieawy coline In
thif RlanRIShd bI%adtéﬁ@afesev%Fgéﬁﬂmed £y &lgéﬁt 3 Bosﬂ?}{}xg %X%n%lc?uéég on

herein. Every actual frequency ta en co

thetagtuiat- ﬁeqmncygm ducigchaﬁ@:t@xpmsita&:dlaﬂlyagpé}ﬁdﬂ tliaabd)sitldﬂy In
77U S

o 8 O 0o O O SRy 75 e
KoloRElejczhl, 199¢, €ABASS,77:347-39§ tlﬁx?b{'e-&é?eﬁrﬁﬂé what characters should
appear as a row or colunm. Such predetermination biases the shape of the table.
Second, the numbers (also known as counts) that fill the cells in a frequency table are
then determined by a simple tally of the occurrence of each character-combination for
those two positions. For the above sequence alignment in Fig. 2, the actual frequency
table for position IxS is shown in Fig. 3a.

By inspection, for example, but not by way of limitation, this pair-
wise combination has the following possible character combinations: 7-g,7-w, T-p,
-, X-8, X-W, X-p, X-7, 8-g, 8-w, O-p, O-T, 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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i, colum. j; and [err] is the expected frequency of
the cell in. rowi, colum j. The expected frequency

wozohhmiﬁ gestimated according to eq. (1) above :
TogE™ jé?%%ﬁ&ﬁdﬂNﬂﬁ

, An 5 introduction to Categorical Data
Wley, New York., pg. 16-34,incorporated herein by
reference), A score for each frequency table is the
welofed Inn®brsefbatigRd |)_f_n ofY emﬂﬁﬁﬁ%ﬂiaﬁmﬁ%&)rés%twlpﬁfdt %f‘wh?&h
scores are symetri ¢ but not uniforny scaled
thepeesert invengompzry fepad fronhpregioipkmwiometheds dtak ore Haectdmen
usi act ual B‘ﬁ expected 10 frequency table. This score
W?llasetgﬁgg/& @ later be used to determ ne whether or

not t hi BrehidrR ¥B160Na P HeH Bk Leyalﬁﬁ%béinsthe lf&!owlhg n%ﬁeﬂa laﬁy
actual -frequency table 301 in Fig. 3a, he possib
10“{ W@M@n inghe Bdt mbbrfomlguchar@ﬁsr ddngtihgs gap §c[oanr¢1}t1cmby éw
ier, Scor |
h@d éSA}F“g“%R‘?a’ Bt &%t bpaﬁ’"o‘@"‘t o “H‘ {‘”%?‘c/ toger

coh@taﬁs thiat iz@8 3 safn of ZSE(Q rTig, B{}Qﬁﬁl%%ontaﬂﬁlﬁ)g titter Bask @F @blehn
di of the Inventl on) which have been attenpted 15

dimspaign a{L Py leanrraiiy cheinateoandpiof seeed o webaed Anderviiealy,
if tﬂel}ﬁlnﬂfe? §1ea}un¥sni\t’1€mé hQha1 frefaGRY 1Y 1st19:ssttﬁfrbetﬁ'leﬁérg%lt of the
mbodi nent o present” i nventi on
totaj; nmmbemﬁ”)secmeﬁogsbmemhmu Irafiedcy tabloausy e glasiiatddeand not
ol R T 5ok oA b
GCcodlik 8n eﬁlﬁlﬂcaﬁpa?ﬁlﬁ]éﬂeﬁ Whﬁséjrfé‘félﬂtevddh@’ls 56 %@Wh%g?] ila]'xﬁe #bag

as previously defined in. equation
(0-999. Thwas alteratianstnivey bemarbesaryoor b@iaahtmnplammm ar fo¥jcaly)
I.s a function which returns the |ower of the two
SCO% ues bei ng compared, X and Y. (Cramer, 1946,
Mat hematTieakoilt pR-dsessqé theh @Eﬂ@&ie"e‘lsas foltsw A GRLIPHS the actual
University Press, Princeton p416-452; incorporated
frequenc] tablpy isepd ioefreaty an BypastedHagmencyanble by mpphingequation I:
these V scores are symmetric and wuniformy scal ed
(between 0 and 1YL apd thus unlike the X score, nmay
not requffy & YgubSequent standardi@ati on. These V
scores wll later used, along with the P scores, 29
NV() 20041/ 027540 PCT/ US2002/ 030656 t 0 conpare al
possi bl e pair-wi se interactions. No other known
met hods wheke dpfedhidf is aptapprosooationgpfss aisiasteikpectdhfeequency of

cenl B e e SRR RIS o o
= toRl] QE €SB iR BBV N1 kdtal ofTeAORAIHIAR]. %Sé@ APrEN0g9o6ILE,

whi ch standardizes all scores which ar€ not uniformty
intrefationl o Cilegaricad dtia Aunbtsie\WEilyy, dttvu Xotk.r plfudhdycarpirhted
herd %d a input to calculate its degrees of freedom
(Ib]lafre %{SE ding to equation |'V: where | and J

repr esemnthelchs Hi tie BgHRAY-Béqubhs thelelof thed AefepHiembbARBent
Art 10 introduction Lu Categorical Data Analysis,

of Sheyekyponigayihygakiep cumcdnuraln by ragpax dance (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). DF is a neasure of the
variability in a table. This paraneter will be used

uently to make further calculations; jt_| )
WOZ@%%& score for this actual frequency ta%#gbgg'ﬁ%f%%m“

thus, technically another score for the pair-w se
conbi nation of 15 positions that the AF table
represents). To,sunmmeyd ze, at this point, for every
possi bl e pair ie_tofrbi nati on of 1ﬁfsiti ons, an actual
frequency” (Al jtab,,l,i,e, an expect ed( equency (EF)
table, a X score, ‘a V score, and DF, have been

gener at egivehhasile dahBo@af| A:nk8dist £, B AEDES the Wk In row
al | subsequently generated information™ ; thus, it

L, cORBRILY aRd %y i5dae Strseigd iieaney of #iceceflrin 20w cohumpi.dbe of
s . zati o f all}, other,.ljinked

i ARG i GERSIRME D DD BB (T dnob ilien

IntrductvatcaCiregdridal Daia0findyls, Valide Sedl Bolts 4. 1684, incorporated

h cat.egori ze these EF tables, this will result in a
eI RGIT9%E on of all the other linked data - i.e. if

i roi so obrr AP Be el IR ool BTeikfion 1 oy
matheseice Houldids, yandréee BmiefricAtBno@iBfodhly Rl2fgeThe 1

251 n cat egor%q 1. All. possible pair-w se conbinations
SCORE 1§ ATHEATUES of 45 et jof fevighipn betweanyy achm] andaxpectednd

& - rding. . I stics of their ,

SRRSO THR AR IS RELE! il e

thissintaryctiod attoalfeexstsi Fuedhd $xan(pdd aoml dreqhamyRePieBeL GeRie. 3a,
Il.s in.the EF table have valugs 0 greaten than

f
the %5{%%%%8 HECTREIQEWeeR RasHions Dpbtse Xassore af2kuehy rosed eailier,
(Medie 3Qe 7549 PCTf L 5231021 0 311656, The
e oar arr(gf% e@%@%ﬂé’é@—égaﬁggm ?%ﬁno oel}(i’ &8¢ fl?fhgﬁwlgs‘)f

“Scbting PGweky’amdGhaBbtligaowd @ftte BIVBhtidm) atHich BBleaseth BREnpted
ers, which are alterable by experinentation. See

nu
Pfetfggﬂ}f and mpgibg alspiagphisd in@scordance wiinthe presemdnpenifoar r ed

enmbodi ne hei : 'l-l .= 5.0
(Range: O SSTECHERLTH i HNERR el jvaRigh, o
CrapRa’agescode By alsé bb otlhulafedttheeeonpossibbngaif-ajscasehHiftion,

acc%ﬁqvet are ,{rretI_ then the pair-w se conbination to
f]cghoteﬂ‘é?loér—l It abl e corresponds is classified as

category Normal. I|f ai 3 ) is false, then
the pair-w se combki nati | ~t,hat 13F t@EDl e
corresponds is classymied As bafegbyy Sparse. Next, to

continue on wth the standardi zati on portion of the

givenGdneRN ol Geqiedc P IBEL 8Smph i oF VL Y cARSH? Bl §e RBLEAMIS T ed by

conmbi nation of” positionhs, a x'-distrfbution 1Is

Ciyl - These di.stributions. he cal culated _.
cauiftrity Eh00 pre AR feRGeh i HireBOR LRy Byl s s the
ai r-wi.se conbi nati on. bel ongs. These x- frequenc
number of columns; and min (X ¥) is a function which returns the lower of %e 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 x> score, may not require

subsequent standardization. These V scores will later be used, along with the P scores,
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distributions describe the "scal e" of each X 'score,

and are necessary for uniform scaling. 1.5 For each
Nor mal

AN nbi ti . t :
woz@n%%\i@ry pair-w se conolination 1 n Ca egoryPV:TlU_Sz?"(ZQ}MSG

The distribution is nodel ed using equation
(V) where P represents the probability density, given
DF, as a function. of Q ~where Q= x is evident

to teroparehdl peqsiBleipaf-wikdBit R dbak ' AANCRAY
pihe 20 Eai r-Wi Se combi nat | on 1@83@}%’%&%&0@5@;@ use of
5 R sBg1 Methods of Statistics, Princeton
Uni ver si tpy LRl neeton, p4l.6-452, incorporated
ngeé_ei n by }eg{p g‘?@ﬁlgé{f %Cn%%ﬁ\?isﬁ%e@ng@@cﬁssr%ﬁfb%?@ﬂcﬂﬂed
emipdinene nf th@presestihichtivn, PhippRRak dsi) izati
m%ie%}rri b .ti'tlo : Egan‘pl es of sgch rmdgf eaggfzg%?lﬁqliz%thoﬁ
p daagf Fro? ¢ ﬁg”yéﬁf s gl %q@r@wylg_ah ere_rgihumifomﬂylébagzd. lzlzirgt, each
an aéths : distribytion.is nodel e
acg?r; di ng téguz%%etalﬁgtlslt 1%%1@:; ‘l@é%e{o. £ its dagyges of fpedom
(DF), agopding te evation Bt egorical Data Analysis. WI ey,

New Yor k, page 29. r each _and every pair-w se
conbination in cat éJd::ngﬁsza}(sfet“ THhe x2 di s{)buti on
i s nodel ed according to nmethods as reviewed in

Agr est i , wBetst/iagd Vceiresesicihe rdtrﬁeﬂsidrﬁ%f}«h@t%bl@@@%-t}slt% 2@65, An

. 14 cribed in Patefield, Applied Stati
’"‘“’%‘?‘3}%%&(1 %\?ﬂfﬁgfb’ﬁaﬁ?ﬁ? J@e%mm@wms 56697, {ntSbyated
hereimdyhoa*hfe@c@nd Patel, .1 Am Stat. Assoc- 78:427-434
(1993), all incorporated herein by reference.
Gener al YT is heicasyoe efittie eatiabilitytiobalite. ofieR& hmaeh WAl be
table are used to generate a numerous
;S@i%‘%g%*ﬁﬂﬁﬁ% bt Bt HGustiant s i wacses s ot actua
eqnenvrigls (st thad, tdcBhic 8%y addigs ~gener at.ed.
.Euch th@t the S count?found%icé]ét ﬁ%ezégygg%%oﬁ'ﬁatmm’f
POSIHAS ﬂg“‘ﬁfe 8 Afpfgblegeptesentsd row and col umm totals found
in them dent.i . to. row and, colum totals
. found it E&tga%?ﬂ'els hﬁ‘&‘@&gf CER% Persibie pyFrviz comiyaativa
ol pgsyrorsamhacthal thegaench INEPAbI 8h kLSecl | ated, »
sc i n \;he sam.LeP manne?%aspdescri bg%ecgeeﬁf%%hgj@?ég{}@it%ﬁe’ﬁ%.
e’ ErICr WG IPY, hake beoseenerafedx Theserdaty dvc Tinkdt © a6l ofhSr frs

will Al §EHs8MEN T H.stributijon, Lt should be noted

t hat f@%ﬁ;g%ﬁﬁn%?%%ﬁé’ﬁﬁ%ﬁiﬁh%b@@dt ndgxstopeldhatr e

categReiriigyonsfpierstod dathiressilts i the cRESHE LA Mo ﬁ'{ﬂgéd data. For
nerate theé random nunbers tor )

rator, used 1o ge
exanitfe g’ﬁ?‘ﬁdﬂe‘%amﬁts‘fm%éwnswhm teahatagtegsfieotfiRRiables brehfral
to catel6rigy/iBb& KO 851 Ohis" - second, this step ,
represents a cég%hst‘g@ ﬁgénualﬁ S PP TEo Aoty ?)ftra?]tth% other linked
data p1-efis EF deble dixBis pioed inatdaess 1 fn HeGhRirwi s ﬁfﬁ%ﬁﬁ i on
AxBWhd RFS si{deé gg i pn of these factors are r eadi y and
C ommn(f%%jle , the %~ score for AxB, and the DF for AxB, are all placed

in category 1.

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:

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

- 1o cell in the EF table has a value less than MIN.
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15 to those: skilled in. the art of conputer
progranmm ng. The transformation fromscores to P

WO 2005880 is carried out for pair- w se conbi n@é};

category Normal according to the method descri gg%m#f%o“(’
Craner, 1946, Mathematical Methods of , Statistics,
Princeton University Press, Princeton p416-452,

i ncor por dhe gaheictdraPOY, EETESRI0EN, ﬁ&gu@%gb&fvel%fs dthe_:
0 I S escri pe N

co ational code for 20 this net
Coﬁ}rgﬁ goaﬁlt@tls), arq gmpiricgly detrgiaed pEnb@ec b draal@ritle by
R Y e = { . i L versit
nRtincBlation K80 Lobintn TR o d QM0 A5 by Fickistel
embetimicot shetr Gsi@110v iR a2e: FAPT =S (Rapes a0-20); PerTes B0 Piange:
ref.e e, erally, the ea under the
50308 MINGE 2 FRBER gk 1Pl Gudtispns band  cbrrsoremer
theRYhel 28-S ROMBhaXidn FERARH thS E,%Q_#_lﬁt:e chﬁeg%%{jg issc(f%%lgiglﬁé Igs;

that pair-w se conbi nati on. S transforma

categary NeomaluIf cather @) bo( if fatsepiin thei paer-wize kbinbatation & which
Spar sg.according to the, nmethods described in
thaﬁ%’ﬁ gag’?%%m%?% ‘géi &8%&“9%&%8?1@80‘%931@&&6153 (1992) and
Pat ef i el HextArpddn€itue & @iih Sid ﬁ&ldﬁ%@éﬁiﬁ%@&&@rﬁ&ﬁthﬁ) screening
e

I ncorporated herein by reference. P scores may
Progsss.dor a¥esy pogsiile psazrvpsecconthinativotof ipgsitinas; aqf ~distribution is
i [ Exact Stati.stical t hods,.
calcpldd Tie BBl GRERs G5 1fralB dBBRtimen st o
categary to vlubh! Hatpa@hwik c8mBinstiéh BbARNTh Mfdl¥ncyt he
. nunmber of tinmes x values equal to or ‘higherr “than
disteibatiosissleparibg the Gcele” 9t each xSsaure, and arhaccesary &8 paiToinng
%<' -distribution are tallied. That tally is then
d&vi ded by the total nunmber WO 200411027-540 of X2
val ues froct ahd Qery i vt hRibidaBn LGB, SONEIRORGS ;-
. to the nunber- of randomtables origina %y genéer ated:
distriprgtionds madelstl ustiigequitidnsVon is the P score for that
pair-w se conbination. ('The otal, nunber of tables
generated determ nes the péerr’%i‘gn of the P score, as
described in Agrfagt+ f(@992—Fhe—user, my al teryyhis 5

preci sion paraneter-, howewer . e@:? |1 be obvious to a

scal

user skilled in the art., i'f thep precision chosen is
not greater than the |ater cal culated -l ogP threshol d

vt IS BP0 e GRS oo ¢ Rl
O; whefagl=t yPiseeidehOfem e &udsi, T ol %ﬁgﬁnﬁorggpt%ﬁge 16 e

. This concl udes the standardi'zatio art o
pair-ggsectam bigatpmos 855 (Craner, ey o entarieaf ey ds of Statistics,

ol i . haye been utilized to uniformy scale
Prinfl 3 URBRISIG M6 P Fu R o diposbormiy hetson b Fepince).
cal | ed BoBg®f BSor P et cal i = (4l 2
~obvi ous gnd@apt?%rr entng?%@hoseggkﬁspg%wnﬁ{oh%}h%%%7?—’
distribgtipaExamplesd ffsocimnpdelcd disttitamidns yamition they FaesatFDF, are
COrML. -, , one with the previosly calculated V
show} 1 13 4 %%eﬂn% tStFLé% %EWE d5tlytginmodelsraceqiding to
eS i, hice Dabdi i - dBLISDS, 795 W
equaabove. , the Sfr \gzgﬁ’t g?%gﬁ??géﬁp%i géée‘?%)?“;é?%g?]q{ﬁ?‘gr%nw iley,
Newo{dikrP3&§a® net hods because of its use, of uniformy

scal ed, Fgﬁymgﬁt ri,c scores.. The present invention 5
accor di ngi §°t FEREYSY RRITAYIse carplypaiion pcgtaporeanasss: Tha

distridhtiomisiiesgeabEbRISg 10 dfods as reviewed in Agresti, Statistical
Science 7:131-153 (1992), and further described in Patefield, Applied Statistics 30:91-
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wo 260RLg i ¢ scores (e.g. the. Mitual

subsequently conpared to one another. O her known.

nmet hods doe not describe the use O uniformy scal ed

Y I nformation

denoted as ,)0 NIT, -N T O 1, statistic, PQTW"“Z“’”(‘(’

i nherently uniformy sea-led, and shares many
roperties wth the statistic); they also do not
9881 )redaishtadad Phenal 4manal VSidc. of: 4bhasg gf@%féuer
this mt@églndln t hensel ves to Sinple scre
m&‘?rg‘&rﬁ Y Estpr GEC@ Gengyatlg) the eaw and columnO@R; of cach actual

5785- 5795
e g e PR EF L Bngialy L fineaR iR ahbiares s, overy A7
talde bawituem nemetoys e oflteeblésh HesdiRbIRY Qrd %n%ﬁ?ecparu%ﬁ & the

co{uﬂ gntl on h25 allo adapt ation to t del eterious
F Lnd T fhegy aug ran Y§é%$1@ésbl§§h&:£éhmmmd sdlumo totals found

in thieth Y AautibANS Ik 8 fd NS 9)?315 kmma‘%'é# !fl nﬁg% Saé;tle under

pr esent |nv%nt|on does not req
C%%lfiﬁrfetmr)yA Jab@blaﬁoe cadhrofdingk momasumheg @alcﬁlﬁteﬁ N8 the
o0 the present invention,

sarfl & ef erred .enb t
P88 6P ge I§heguation b Bhe pahreshlt posset noﬁm%nmaners -

ever

thifedt v & F | e f 2.3 est | mat ed
];i requeu ch}ﬁﬁé‘éﬂﬁs}éd éf\ dlstﬁl?\%onsg Sb%uld he %&tegéhat for
impenisintiotpipostR, Ofetorsaiel wardy of G6#e 1
bg nerated WO 2004/ 027540° The teht;l{ekg\r%? fég&a" rétldom
nig ?raeﬁ?rﬁ'ioﬁ Jsspieensrateribe modemmuntpers fop those E&blasmyuslt ben

sufﬁﬁentgeéﬁ&ﬁ% Guch thatVYfLJh 140k hot reﬁé’lalt ! s%?fgr?ﬁj i:t \é gtep Rﬁ)?és%fcits

t he and V scores have
conguitionghentienvek fiadbe prﬂfd:rmdlealﬂidﬂhn&ﬁ BRMS S sukh t he

red ment of the present invention, this
‘mpgénng‘%“%“"“ ki "%‘é“‘ge CeBmitase deckers arq vsadlisandeasanthenty known

to tms@mmb@dn iR a@t&if@bbp‘ufb@[%é@&ﬁ,%ﬁum ory statistics

book such as Koopmans, troduction to

Met hods TIM%ﬁylnﬁh@S ﬁomﬁtmm:es tcCn3pdres isdad)cdnf Yor pair-
first, the -log, o

wisy ERE BAATE MBS Natlah oo irthe @@Filodste@md iniGgamr,
194ﬁremanmaizcdln@zﬁ&&gﬁmmﬁs P?iﬁgetﬁlli‘@n % gn oY
e t 'an va R

41?1 %es are determ ned, Nwher
PA1&dnbdEcapeysted igsgin by frofershcs. hend ®recaliths cahputhBsil bo@ Yor

this ﬁ{et}ﬁﬂqéhe&ﬁb&lﬂ ITSPI'GSS ‘Qf‘%aﬁ%f ﬁ%é %nggga Slé:gogfmeei ,nya r@_e( ke @t of

equal to or greate

ScientigeCompms)g. CahiteRlgaURitREH P%'§§se! %1 E&)) ﬁgﬁtﬁ}hli h]oagf 4

V scores; the 1st quartfile v
P 62@5% Seetaps §-4-AA0248 9281 lnﬁfbreOramﬁﬂleesndw&efeeaﬁ:e tGateraly, the

area%ﬁél'&lthé Hﬁh‘?ourﬁ% t% P%pghqﬁ)gﬁf? of 4%&6%&&%6% g]g.":q?'wgiq l&al

reater t

SCOI&;a:*. eqaua(ﬁﬂl& Plsaoﬁel’fﬁr TR Wi if5% Of 15 the
| ess than or equal to this nunber, and 25%

TR S TN
o i e U i S

val ues 1's kho~
StatzstgraéSmgglﬂ'BlGISﬁ(lﬁ)BE) aidqrhteﬁi@a tp}))ze@t?fa"i‘ ﬁ}zcﬁj-‘@éﬁ% (1981),

wi.thin the | defi ni
lnmlgoglte%éelﬁ bé’ iTFEFISE: @Off‘élm@/ lpieaeulated,for etangilerbut pbt by

way §1C]%ﬁ§t1c(nt QSIQE@RQ& SatY Rl CENE0e TEGSUr € t he

nmber of rang e\islsﬂt %ﬁgsﬂ&% P tématea exaCtdStatIStlcal
methods such as monte carlo sunulatwn of a distribution. Generally, the number of
times % values equal to or higher than the observed y* score occur in the

corresponding x -distribution are tallied. That tally is then divided by the total number
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2) 0 away front the 3rd quartile value. A nmultiple of
the IQR is chosen for both the -logP arid V scores,

ted P-MULT and V- MULT. The default val -
WO 20&@% mg%gzrmsoom

is 2.0 (Range: 0-5); the default:
MILLT is 1.0 (Range: 0-5.). The thresholds for -IogP
and V scores are then chosen as: 0 -l1ogP-Threshold =

of FOMKINYs AuhdIR(tRY 2Pdi\dﬂib-ﬁtloﬁ nd{iMki cé(‘réEBélﬁfsn@ leigh sy Q)f V)
(v)* V-MJULT(VI1) where 3QV(p) denotes the 3rd

13@93’(%?1%0@@!1@@ gefﬂ@rat@da dheiresgh of éus divisieroisdls P s@Re forthat

pa%—(&% VSO%%nO%ZISEﬁ% to'lﬂ% q u;r t ??% - %&?ﬁé@%@@%@%ﬁ%ﬂnm@s

thesresision of RPWcote BOd@8ribdiEin| AdRed O 99 & hY uS&GhBBalter this
Scores which are equal _to or | 30 greater than these

PTECHWIHEIRECY AARCwTH as Willdscrbrinus fo aesrsskilled in tsset, ifithat

AL A RS LIR30 . e

prediptives wilkba inbde ammhnthe uRafreust rargn the p?m dramst atgmaté:rqirémﬂfm

N T R R -

parflUBIhE sérBenisd phoelss, referred to herein as 3QV)
i ndi cat ed. e |IQR, the distance between B and QL is

al so i ndilezvédy, ghiicqenry HmmmﬁDMhavbtbeanumlmdasaﬂif&&%
scall sl Ry R AR ey fﬂsqﬁ B rep e B ANl
forfﬁﬁfaﬁoﬁ“(f £ &b$¥us Bﬁ@ f{@ﬂ% %1«%119& ipBOLAPE sﬁr E
reshol d

also illTustrates apta Ity
umt]nméy maledtand ﬁymfnetrive Tﬂmm}é storésnuleng wdth thepreisel dajculated
how n nmedi an | gcation, of a set of scores,
v 5%l 1 ak(%‘é%@? tQF P AN L R5rRoSeille paii e cOPMEABY dhs
inditele 2B tHePlescRER vERRRN Yo g%e%@% Fron® biRd Hﬁ&\bﬁ)ﬂleﬁf&ds
Cont enpor ar 10 Statistical Duxbury Press,

becpgssrod its upmef, uniform skt dpsymmoetsd sccnes eThespragerd ipeitior
o SRR kBl P (B R 50 T o R bGP e

sub@smertty @Jmpa[’@fith&ﬁhb Shbthes iRer kB0l 1SRRR B dNUeSEBE 8 use
fromall possible interactions, in order to determne

of unHpaBFrHeds sy et sgoresce. gaﬁleé\/lbmaﬂdmr@smb,ettfvmehnoted as

0% & eno fal se
M S S e R R gl S eGS0
w1t1( tlﬁ tstatigrid) etky aBb dBMGt pRHSYRRI Al 'a@&ﬁ%nalﬂﬁﬁlﬁﬁ IreR ka after
error_in this boundary assignnment nmay determ ne the

thiseBt HEmEmethenatel s 4¢ sinpde smekns alssliscnesgdiaboee) e.g, Gutell er

7 er Shevek. ;
oL BB IR R, 27T o, T bt o sy B i ol
scalsdl Exmirﬁrmﬁtthmhmﬁasm@ﬁeaﬁdysw isf thifid MAGuaRthe pRisbfhvention,

anal ysis (density analysis, such as
allowing adaptation to the deleterious effects of such error sources as sequence
selection and evolutionary relationships. In addition, the present invention does not
require or impose arbitrary, absolute thresholds. |
To summarize, in the preferred embodiment of the present invention,

for every possible pair-wise combination of positions, an actual frequency (AF) table,

an estimated frequency (EF) table, a y* score, a DF, a xz—distribution, P score,and a V

score have thus far been generated.
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20 the use of Barlett Wndow functions). Having
conpleted this prelimnary signal/noise anal ysi S,

wo 26@@#-&6 ng ina prelimnary |ist OfsltO?IoLg ! H?E/ﬂféé({".z@?fg“ﬁ

I'nati ons that designates real
(RS), this list (RS) may be further refined to
elimnate scores resulting fromchain effects, as

fol | ows: ‘Hidthmsion@detehatni &iht 8384 GroPAS hﬁdyotﬂex#}e

ed in a 2.5 conmon group; because “eacC

I
Pe?g’(ﬂl g, "@“‘ﬁ’o?ma?ﬁaa?%w epanpasgsshe Brnd iV, scotesfimthawsbédnat .
calbuldhie NGRS OWR oI BESE IO\ RGRLER, M UL e

position in common to ano
embadimant of wemmsaugmmhﬁggﬁﬁhh@?}g n\}\gﬁlﬁ é@tﬁémbﬂﬁwd as follows
i S ere

(arld 'd?é”c‘gﬁgd B%‘Fﬁﬁad ez?l‘&g’g'la“%ﬁ“&t%lé stplisiies édolpwh aarl@oﬁnmhs,

pOS|

198}3 Tutr@dNtio EPCS PLscor and
is the ODF scig?g})&gz%} nhh %EZ}%] 555
Chilefelc%r?éﬁrﬁéz‘s Mﬂ@onat@bheremdgztmfeo@ﬁao firs 26 3ol all P Values is
tak(]nQ (ﬁ:ﬂéte&ll%&’ ]é)ec tI164 . 65 290 In this case,
groups arecpres et the medipn ok ec%%?u%@ﬁeﬁgmbfhepmdlmﬁthe \Y%
scortfs ar@ddiGrmiasd) vﬁreﬂeothé PRGRHSE,
0si t l on 5 in conmon, and 3 Il}eoéa ﬂ@gi%'%gﬁ%g?ol/ﬁ%ﬂ%e

SCOIFS & Jeghth 100§ ?ﬂuébﬁﬁtbmnmme and O obf grecitpres @RNGjuSE & &
grou

greé’t@f bhaﬁ Bgs BE?IV\QE}%% feopgf A géézlgﬁlqﬁr &ﬁjﬁs gxgertg%gggtﬁnmﬁecgfqrﬁ)@th

pi nnac
'Iogl’o&ﬂdo\fmscrgee[ Vizenise quartileogity Ss Wiet p
t he hi ghest -1og SSsgé{rﬁkel{BFgé‘%ﬂtﬁét%ﬁ

scopfggge)aieﬁ%téa‘} Y edupldy, thignunibenand paterofithsgoomrine Bqaiall aner
gre/d&iahel {8 MAKIRG: the SR ﬁa!?&le%ﬁle%ghé e 1@8’% sh gt 76 eof

pair-wi se conbi nafi on T erarns
the ycorsi anp hogs {hai pr Wt&bto:thrmm;ﬂidr Qind 23780 CABBAIE are Llfal to or
ot her pair-w se

| |
orea!té}\gﬁl na rglﬂﬁ)egr 3 ﬁxieﬁgﬁa%fahg pshandnlst grastife. valifes nm]nﬁ)wn as
the inkaguar@Ream:di(TONY, $8d GOMRLAGLL Qf‘d@%@' ”?gépﬁg\{ scres fall

es for the remaining palr-w
Wlthélb%‘ﬁé%d by dpfnikipy e, the dstamee b givestsabmasils (ﬂltéld@%ﬁéq{luster

I|mnated fromthe

t
of S&%Sr%‘w’% er A ES R %ahéa'%ﬁ@% e BRI AQR, regesberadansis

gro
away frohh(he groauprtdlt vhlneSA. Iﬁulﬁﬁﬁstdf tite IC;I@ ?srbhg%én for S%t'ilechal nglig

cause, cal cul ati ons may have er
and 8

pres.dleagled RMURL mcbﬂé\éULTl dhPdefanle vhlawfdr Pﬁlﬁmam 2.0
t t
(Raﬂ%b%lgﬁ the/deFf ‘?311# ]g)l' b@[}ﬁff %5§?ﬁgqg%r {)%é, 'Jlalg%ttlueesﬁ@lgs for

A sug
-log%@t@}‘éspsres{n@tﬁenﬁh,osmﬁ1 a default value of 0; for the

| onest OF, an error range of+[0-2] for each dinension
(1,3), with a. default value of+1 for each

~logP-Threshold = 3QV(p) + IQR(p)*P-MULT, and (VD

V-Threshold = 3QV(v) + IQR(v)*V-MULT (VID

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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di mensi on; for highest V, an error range of -[0-1],
with a default value of 0. In this nmanner, the

W02m4m9%%e nmenber of each group is chosen. ltPHﬂY}ggﬁzmsaﬁm

reasonable at this point to elimnate pair-ws
conmbi nati ons whose DI; score is greater than DFMAX. 30
DFMAX is an enpirical paraneter whose default value is
1. 50, andFighiogewsangex e s&8te AZtBRkbns. TRERHENE LSS two
t he screening process. e pair-w se conbi nations

setp Hgﬁ‘?ore%?éﬁ&iwréfﬁd il tiglochigen elohpniediant quartilailt(QHL referred to

Q0 SRR 0 PR R e I
distante beisteen Q3 @ 1 & aBbdndieyted dntl A i1Bbtrse@AeeRbnipasses 50%

Of&ﬂgesent .invention, but are obvious to the skilled

SPYEHIN AFRl pEalR iglerngdedige . vaAys whish ropmeliple of IQRs

& . { | pc) wdin t
P Y gy BB i o BB e Pl g et
theendpptabitigy St the thregwldrdatennmipaidnanitthepiebdns irventi@gpe¥9ssses by
sh aﬁpd t[h redi.ctj o .of%%i ochem cal arlg bi ophysi_ cal

ibe AR PR LGl afderbRci et wevelhes their dispingn e
affent tlﬂ'_éﬂwl(_!)&éibﬂnihﬁidhaﬁ@é K%bpffﬂaﬁi' Igg'ggﬁtrgdﬂcribﬁ Bc;: an.z‘e}lpomrv

sensitivity neasurenents of all scores may be -

Staggicad MegepdsTRineburaPress Bostoop#ed according to the

met hods t i ng described 8;589-599,

| ncor por ;t% Féglgﬁg)tre 21?{168 E}%’I? gsfréor LREE THSAR it%? Eﬂ??e g’f?sgﬁlﬂié st
be siniplisticallyy def@ibed B hilialit. FRAVRRE & 1fthit gﬁg%@tset( ThE essntial

subset of sequences) is repeatedly taken, and the
megiRP{FEC steg de taseanness iBp scaes7iipm ath pyssible)injsmctionsritdordar to

detGRHAL . I ctions occur |s
. P 2 G SR B SR PO Bl
toggthen(ideniting fajse,edkdakt baokgrothind besotakens) ans higher hAlis stores
(deé)r edi ctions which occur infrequently are sensitive -

T T ﬂ&’-‘"&r"’éaqca"i%g s Thf desrpeekerogiig this henmdprvegsaigrmgnt

maPAReEhiE e Mhounh8f RILSRBivE AUE @Jléegﬁlegg{i%) r%@fgﬁ[)ﬁsst?ﬁt Ray be
redi cti on nmet hodol ogy conprising a FOCRSS fOr
maffwlateem Plaevehelinallyt, vishalalistgbwteort amahdis by behesetilfyi ng
Si m.sal i gned sequences (the mnisalignnent
SUP ?%188*;@5?’-‘0%%303 W BT ARl A0 DA SEUoTHY ARHATBPUgh a5
the 1€ Gl BgRGdWVi@SUfuhétas).n @ new sequence alignment.

This allows for the present invention to be iterative,
successi NeVys geraplpizil fyjs prdignisaysighat/agiscaldyse, resulting in a
I Cf | - n refinng the segyence data, .and
proRAL 07300, SO B B ST R
(RSpdbisiliat RPreai e fugher. refibeSlduiintnfg setLRsWBnd VRV &Hain
t hat tLéecause this msali ggnmsnt process requires the
effegts < followsicallngerss thet hawe at frastons positioariacommoniare playecio a
t € l,QUS_ predictions,. Th
comSREIERIURRY AN SY AU AL SR Rgl ol
withigedch gronptigre mspbeicatdsonshdud e pokifibe th &mihbe to another score,

concl usion of the %bove scr eeni n% processes (the
but :I:Lrgfl]i gdjindirectly through other scores. Consider the following ypothetical RS

list, where the two positions being scored are designated Pos] 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

RS list), there exists the correspondi ng actua
frequency table that was created at the 25 beginning

bg process. Using each of these actual <6
WO 20?%%* ' . dj @5@&9&’306 6

es as input, a corresponding set of a
residual. (AR) tables are created. Each AR table IS
created using equations VIII, LX and X2 30 w here
rte, [err] are as defined previously in equation Il
and pi p ' ? %efvned S 37 WO 200-1.027540
PCT/ Us200271030656 T4 (1x° I (X} Were
n..1.,., 11+1, and_n are_as deflned previously in
equat|0n11 (Agnes§| 5219962 An intrdfuction to
Categorital Data AMAlysiSd, Wiley, New V¥t k, pld- 34,
i ncor porated herei f0by 68f erehce). A n@ﬁlln1ting
exanpl e of an AR tfble 62 credted fronP@n actua
frequency table 61 is shown in Fig. 6 (note. that in

Fig. 6, hBisSssers erdups hileipp@ien@ it firsd@sisBaa 6fpdy wise
numbers rat her than capital letters). The value found

conjbinasigah 1chBH 0, gnd 4l Oj(b@:am k él@né 56, plarg theegpesiiios Sgh

comglgg\ll} g}{&g fdlﬁld X g() %f;/a%? hhe p(%l 10n 16%‘%51&1&%&1@%& ?ec%){ﬁg ou

recerve respondi ng actua ue
conbigilo ofilk: thé @aﬁhﬁs@é@ﬁlﬁﬁﬁﬁﬂ 7e9fbod| ment, the cells | n
each AR table are (i ﬁhan or. equal to"
then cl a‘%@'qapléarqum féwtwan%cé% e@@iﬂ eof(cagle AropR g %11518@1 in the

I J o
Rl et AL g 8B BB iy Evag Ry e MURRE Lot
scol(hndt 8% liskathdms®) atrwmltamf}d ARGHHRESHr-srige @inzlueaicns ke
cate M SAL| The default val ye ARTHRESH i
clnigjod ol b eFaie B 1pre af i pairisp SombiafigEags: then DE
scofek T(ﬁ'r ROl Een SRR rﬁaﬁ%w@@&ﬁﬁﬁﬁtﬁﬁls% C]%‘a?&[} R RLRSENE $

made I n Agresti 96, An introduction to
reta@atl egJbothenp aiDaiee cm@llmss al‘e'\sellmp;latwsﬁpmahk grqiup 1B 03x%¢ than
i ncor por at in. catego y

one gARR BRI S Tig ief SR o 8 remar g hisise

conmfdﬂioné e doRGaBddy Eid HifHeel Vet N retdiRas 811 GEHEP hiiakiens
will be used |ater as suggest ed alternatives for

H&’@tﬁh’@ﬁ% are qlipzipatgd ogethe eraupelf naere Beanmnsdiaiigiise compigption
ol SR S50DG 1 FRLGEUS Yt B 35 BB RL e R ey

havésgot, & 10iebé aschil whonieRseh Wahadhasie 1aP, Ml le@udtDF, and
interactions, in a manner. 25 obvious to the skllled

highgst Y saere, eaalloy for serae egeniy thassAparenet suagssiedseyror range for
e EORLBERC SR 19] Sl 18 T ARSI B o L
rangeadh-[ 624 é@m'a;zh NirBAlsicBNED, ¢Aithra default value of +1 for each
dimension; for highest V, an error range of -[0-1], with a default value of 0. In this
manner, the pinnacle member of each group is chosen. It may be reasonable at this
point to eliminate pair-wise combinations whose DF score is greater than DFMAX.
DFMAX is an empirical parameter whose default value is 150, and whose range may
be (2-361). 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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each AR table:), a search of the sequence alignnent is
then perforned to identify the nanmes of every
uence contai ning those particul ar charact

ozse@ 754 : g (?1[/8 Aarn30656
WO 2004824 har ti cul ar 30 positions. The end resul$VGF2RFP30656

such searches is one conbined table conprised of
sequence nanes, the M SALI GNED character conbi nations

o e P R e ST REER oS G Bl fheis of
ext % 4492002 03 Inhf&Gant Rickifd @lrbgohss ahdithie pusdidtiémof hiechemical

follow ng manner in the preferred enbodinent of the
and hipphysicahinigragtions| b MHEEOMRIKES- t hat occur at | east

e B R P 85 e 1.

| serRaivayei@bunsiehtsa fatifsaorts mepbe perdsmd. Hhid neayr agrefoohed

1-10) Correspondingly, 5 the table.data chated
acGF 4IRS fhids Engih et lP“g‘%‘é"dSt%a‘E‘rg ﬁ'@i&s%%a& édﬁ%wgé@ﬁ) g%‘at’%ﬁ ihge
68%@%59,951 SRAAEGH By 3 feRREE HehbraR9Sd fan@Hmabies of ¢hB)

e position-pairs at”which These Sequences are
initfiilsaduicgnedlignmectt ien ayskdt ofsejgmeed)iyrepheedlyinkespaifihag

reviously c ul at ed, AR t abl.e, As e,
oSSl T ) AiARh A e FAdEELR 2,
pre@idiiBhO8dduY & RND IPREKEIRAS whvh rbprated PR aftfroble — signifying

m sal i gned sequence. 10 For each such identified AR
pradidtions toHesiekernmestaeriosbopredictions wichcnenr ndicnuendly e

ran]: ordered from posii iV negative, denoting
Selﬁgi‘%e_rﬁ%?%grgd]é:luf)g%‘?{g@:leeggélaerhus finally, for each.

i denti fi gule piFatrédaatodpemterfde pretunt fivkhiom ggo comprides 2

output: a) M saligned Sequence Nane; . b)_ The . ni i,al [ %nedd
pregivgion arathodolemR T IsHH PegesT HE TRV Ingdhe yufipleligpment an
1 (o] 1 | . : . l%
e A
sedilen@ss e thehdel edindnated euszlalignsd) ectuitong inraewiequeressi bl e

.methods .that can. utilize this data to. adjust th o
Al GBS A0 e Prassrs EReriondp b skt CeuepgprveBeangppring

| i fil%ﬁ?éfﬁﬁﬂ%)ﬁh@ts ReRaAAEAI sofon,

og ég%a)@)é’%%%geérgtégog% agf ord, Oxt r_df301 UK, o

ultawasbly prefosblxeadiiog in ROremsowrely predibizans. Bsbowd baaote,

i s one. such edi.ting,software. Real. t ! .
nobyBech i PRt P bR BB P ot A B Blodipl e in e
préViialilceRe, it 8eiybe dopeRahugonitiapiegivad prakigaioasce,

nei ghboring characters that match the s%ggest ed

al t er nat iKhe meisalignoteat progesy is ddollensitipF pach of ths wwak ATeNFe

use,.of .gap./ rj . ' is .
oS5 St AR RS o Ao B AR BV Rty ol refined
REhY, @ekeexislyhdrispaithg ftal fibguapep pdic that wancreatad albe

the character designated as msaligned fromthat
begighingof HieyPreecssi spl aced. However, it should he

under st 0qg - [ ' j Wbess ; :

(a good ?%1@%#h Oifﬁlﬁégn%hé}gglge%%/g qar e %112 ?t?ggg%"ék%gédmg
setadT alljweted iresdien] (ARD exblafarsegated dinch gl bk, isicteabmlyusirige

concl uded tglg(i1 ' he entire initial sequence alignnent
eqpagions YidgiX quently, surer

Tl!-f - u,;,.

AR, =—= , (VI
Ja(-p (- p,)

where ny, 1; are as defined previously in equation IT; and p;+ and p.y; are defined as:
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the cal cul ati ons nade by Shevek were based on a
| argely flawed set of input data they 30 too are

wo 28097 .;514§ kely flawed. In this circunstance,

t he
predicti ons shoul d be discarded, and an a REWUSAIR{3es6
sequence al ignnment created, with due consideration
bei ng gi ven y9 WO 2004/ 027540 PCT/ US2002/ 030656 to the

essential nethodol ogical points raised in Philli met
et al, 2000, P@@*I_ﬁhain(')genet Evol 1.6: 317-330. e a

new alignment is creged,pangfher Iteration of Shevek
can be, performed. (A’ thi’s manner the nmethod. of_the
present invention can be iterated, until no mor 4X)

sequences _are found to be. m_saligned or can be .

real i zedWherctine npy @il 1 erecH slefiagibprepipuslyd equaion . (Apaesti,
199d, %3 ERYH954 IR 4 % cLior

) B FRARDR Ol DRI, Bub0E O L Tl
incarpbiaga@ahhdréinbytréferaabe)y e- enuneri zed steps of the

pr esent inveEt ..on may ptfe racticed in differing order.
Gener al | §ROREMNS epumle, ighle P2 srealed feum ap astaal

fredifeh®f tabR d1N€ sl%%@@x%fgf lgig 3 (ALY, liig%t, :?l?e;]se @ncel pysi%igns are

cal cul ation Its equival eed on
desigmaied beydumpersirether thaticapitabletichs. Abe ualhe fdunddnendycell of an

A 8 CPBOTLhDY bl Bl A SR B
recEQESY} 86 chirePepaigy bRl BsquchbLibRIQul ation of V or its

equi val ent need -only be preceded by the
cal cul atindhe pisferred esphpdimenttbp eeliisintcacle AR eblvent € ¢., Thes

tharf 8 GRS R b1 ikl BhiSRrEOTRAR AR BBF Rl s o
twolptepbricgenbrells wWHose fvakiep e AFEItIR ESHHERGYed iaf] @Ssgoffre
reation of the X distribution 14 nornal tabl es need

GO snddl oslls mbgerilvalpct h ARTHRESH arepacstl imp catrgory s 2

t ' S, ti .of th )

M The bt PR R THRBHSRLERithla e of (120 apetfe
a suggtlaatd’dle aktqretde ie?lpirdn‘al plmamatsk bﬁedprgﬂ Bletl m)hnb td Iﬁb{ﬂfﬁiﬂd I\Eﬁegti,
cul atjon o -)0 scores need_only_be preceded by
199b 41 @giodis sy e rf"é‘?@"]&{{c@ﬁgj’f"s‘i’&?@@ Mileyy New; Xonk; BlaBons,

incodpstateli PBlein BEREAERH. requirenments. The threshol d
determ niing process need only be preceded by

cal cul atGedla imeatezaan SOOPGdereify charactéhminbirafitng thet atinally

o e 6555 TRl G o B
altefnBvéaEB el GerieO 8RS Bre RRrnineWth be REsAA %c‘rr: Zlilﬁ:y%gsog%:s%#ﬁ

skilled artisan that certain steps o et h
molegydar gpigeastiens theteprist smnatuse dnd cambe tied toianklyne kaspar t i ng
[(L ok resent Jjnvention.. First, the
strocth G ARE ah piand iR s BB i oF w e
obvious to thel skitlbd haisgh C1ls o1 c4TB6rP RISANABSED iBRARNChar Ry

a m ni rum of one score. need
combinations that are the possibie result of misalignment.

For every character combination in each category MISALIGNED (for
cach 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 MISATIGNED character combinations appearing in those

sequences, and the positions where those characters appear.
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be cal cul ated-, althoughi error may be enhanced -
consequently, steps required for the 2 1 30 generation

f r scores may be omtted. Third distrj ' -
wo 2'&/9/9;31“]6 be cal cul ated according to the net hgéd)ﬁ%%ﬁ'ﬂ?’r"‘m("ﬁ

ma
Sparse tables- thus, the calculation of X -
distributions for Normal tables may be omtted; in

this cas&hissnblets thay wsstinke HloWR 280 27 BrGrEIGEL LS
%nhanc d haI.thou h %Snput ational tinme may be
emBAARERL B S EyoP U S A equeRiR Spmenhat eRcw A ot RESWAT
wdb&r I i [ t t had, .t.h
R S A R R S S A T

classification
adjgpable graramejer ydthomilefbaldvaliib of 3 aeds rakgd é1d -10) Corresgondingly,
y a

oA e e e Bhe
midadigRedakackRi €8 spb@fic H38tsMBhirs. @%?@ﬁéﬁ&‘itidgnegéﬂ‘ U hlcH thikse
the " J1cC asllgnmsntf

1'\9 3 A1 workstation Use ,f
seqgces are misaljgned e then used tgndantify theebtramoadingerétioudiny

If d r .Maci nt osh [/ 300 Power, .PC-
cal B NIORIR A o8 SRR s Mg RaoDY ot gignbinations

denabrosrggetalalichetveebMbihatd 0By HabreeRMNIhEhiddlgfed sequence.
e devi ce readabl e by a machi ne, “such

rogram.stora
Fo ;ﬁ%@ P lgﬁ%‘rﬁ&aé\lﬁ@b&?eﬁhﬁwat%@rmﬁmg) eharatputaambinations are
i bl di a includ
rank SRR CoPUUATT VR S BTG O Peafiadle

Read Onl Vhustimtly, foRéddh iBbrtiEiet mibeIRss s@fuehad ehdINbRES:
ot her |ike

te arr . electrostatic nenory, and an
may B PRI %)Y%E%ﬁi éeéluE’Eﬁ?eN #ne;dn é\ybé Rﬂlﬁ@%ﬁ% ehateeteher et o
ninaHRRENY The Positidh- - L IenLS
o Ok A oy P LR A S A Tt
altegjafiye pharagberrcenibinasions.nat nodi fi cati ons and vari ati ons

of the Anvention are.possible wthout departing from

the spi ri‘%““%%ﬂlaly%ﬁ‘%’ﬁ&él EygRoIsor pisual inspgehen &g tWehe
posdibike nesthét tex 2BPL1EE-¥hR QLM MRk |

illustrate the 20Z aspects of ﬁ%hehgisg%ﬁg(?%ﬁ%%ﬁarsgqueme

Alighgient Béera8er Ad.ofor MacintesheDS.dupandwReenbauy,dhriacment of
7o MBhEe : e~l:. Predi ction of secondary

structur esgtgf) E@%dhoé!ﬁ)&g @?d" ?W?lveéotgt?ﬁ“’lcl”?" catal ytic
AndRNArahilshit zdRi. @ozo/le isishoich BEitBRRYRKIFER BALRIRO ZU®S

ar .ﬁ({mv I Jass of RNA and are useful in T

accoﬁ‘ﬁg’é et wine F-Pé OWdRHBYIIRCTE 04 sach mimakigredgeginndn eadhanigalignsd
seqichod hEiEb AT | ol o E AL AL S

q. react 2h (? 5 O%cne?%f;ﬁgﬂlgé\g\bgk}% S{gﬁgﬁt,t%d %}ge ﬁh\%tclharacters may
be idsnt§editThyougshi the use dfigapminsertion or gap deletion, in a manner obvious to
the skilled artisan, the suggested character may be placed into the proper column, and
the character designated as misaligned from that column may be displaced. However,
it should be understood that if an inordinate number of sequences (a good rule of
thumb is > 10%) are misaligned, or an inordinate number of sequence regions, it may
be concluded that the entire initial sequence alignment is flawed; consequerntly, 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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structure of the domain five (V) region, either
t hrough crystall ographic or spectroscopic nethods

wozot()-hnglsg)NNR)' What is known concerning the St%ﬂ”@!{#‘{ﬁg@{“m

O region has therefore been determ ne
difficult, biochem cal techniques (e.g. solvent
accessibility tests, etc-), which took nonths to
to BRI dsQiitial mefolABELI hoirfl raidedi | 90dee!
1: 433- 441, The e%le |°5r§/rag§r$€é i %@ﬁﬁs %tp'ﬁ‘f %%dégfq{oééoﬁ%’loge"et
EvohVsili7ed30. in a 41 WD 2004/ 0275-10 PCT/ US2002/ 030056

matter of~ hour:s, ,cal cu] ated n f .the, i rtant
bi ochen (FEY 1 AMETSELS STatrdh fosher ool herel gapde

peffeahal In Wid Mafned BRGhéEth6d by hefprdeRtinvertion AR bBRkMted, until no
wi thout heir. / aware that the sequence was RNA and

MORP pepigncesirefogad tn kemuisabewsd artven be readiized, orthe piaglictions made

' -pairing rules that often govern.folding.
by LS RRAFS Teinbheb Floit oy EoalBk eyt ieAiion
predidtiogs.ment of the present invention to performthis

struct ur al det em nati on usi ng met hodol ogi es t hat
S

treated thilkksperrctgut by ds skidled artisan thas Hiei abghessumerated

o P i AL 0 A B OB B, B
freguamel taldésyare gaerattibptiorBo dipodyprreted ditiaerel tdhlés. Ta6 uslbeagon
of @Ei&)?tétﬁ %ﬂéi%ﬂ%gt? @?@g%ﬁg{eﬁ%y%ﬂe Creation %fo the ggtﬁlalnf%gqugﬁcy
B LSO S Byl B b L

of the botmyhasl exBeaedframeicy iabldsi Dhe dalculliteseofSe gURNEQS VRIS

then aligned using the CLUSTAL X[ err] software,
ne néyﬁ% Ig by thfg calculation of xA“ a11d[1ts de%)endent requirements. The

R AR UV S S B

be piivogdedity thapérerdtiobelf expecBeefrafuepcBtables. Filtg: crdatioh> fAhe ¥*
file cantaini this daaa set r_vas then read into

distabigry frmeraaLlissaeed ppldhrerrsreded dorthe prigulationeofdp} pad its
: inbion. i . : .

AerpHIBRE S el T OB QR R0 By SRaret WS AeBl
only be praypdeablnpihe atdatos o Ofhe posial freqifent Peds. The calculation of P

i nteractions) produced by the Conbinatorial Mtching
scopss fices gnlyeperefedaaiie calyulahon gf Hosrorgssand o WstEaItews. 1aHd

h 445 | ' .- Nunberin
e o o M BT bt BTRR Rl e
precaded diylcalchlatibo nf B and Vadcotddfor thtie equivhlens., ARNsasitivity

frequenc tabl e Si pr.oduced, a_ few exanpl es of which
Proggss MEGUACSEH I BASRE] pyifh § pgvescalglatiang or followippthe

arkidlof tihd &SRSkl es were generated by the
ConAI 5[er0r] dat a Sgﬁ).r Zg The Shevek nethod then perforned

t he cal clivatlibempmecisied byshasidlléhaitivan Shocediairditemt dfahe

ccording to the netho descr.i bed above. (Equatj ons .
oSG fieeset ipiog mas by quigied piTNSE GORIFERE BpTB the spuit of

e BRRGLSanAE T , Q. ' es
the PreRentSh@dntioh. HiRe e %&gﬁgﬁ?@ﬂﬁnﬁ%@gl@vlgy Eds _ 018%%%‘% 1.)

(Thus, no P score val ue | ess “than
omitedpitheygiperreronaely: enhdnesdaSdamdi gmld 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, y° 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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scores, are shown in Table 1V below. This table is not
conprehensive but is instead 30 illustrative. For each

WO 2@{‘1"81%??); nteractions (Table If) scores were ﬁ(?iaﬁ‘s'ioﬂifgﬁ'()ss
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vek nmethod then perforned its thresho
determ ning process, and calculated the follow ng
val ues: -1ogP Threshold 5.6; V '"threshold 0.45, See 42
0) . i g ;

LIPS SR BT OREMc et gy i
digthButions aes ealdlilsitd bblytacautding am dnamethod Pthe etssisicMionl oft tables
. These pl ots have been generated for the purpose of
infocatrgPric AR ReA SPEHE BRY PaPRURSE necessary or

produced V. i 4 i '

above thr egeh%%soiﬁt%h%ié% eé%&g%e%ﬁg%dtaﬁ%ﬁég%lgw hg?%%ned bya
coalputepailr end wefamdisimbatinonsg thé&campiier is addakPiseisiow 450 dgel

t hr eshol ds [ [ n RS list. The RS l.ist for.
proceds Sgaih dNEEr A i fopt s oo 06 gt alieient Stor

soflwiart, BBLAIOMaP be HeFSRAntd By RNTAGAITER 86607500 PdvAg AN
he, grouping of the pair-w se conbinati ons where

t
Whernthe snaibed ngesfonoetinne pusputit Hombore-dgreabpd medw dstapanre

in.lTable VI. After the.scor rc.grouped, .a pinnacl

erlfSaiRRn gpier S Ghat AR R PR o BT b

de@izs awlading B sompirr PatldAEmediAgSs 0ChRphieNrdatibld tediadbelide
first _according to the hi ghest P. then _the | owest DF

magnatie Aisketisrempgiptie ey opiip tlitheR egt AnkidYiemass BeiM Porct
o G, (¥

At TR B RO S ARoHARG R ARy ol B

madidm. The Shevek net hod, upon out put of the above |i st

of predic}ions, then 5 hegan th i sal i gnnent.,
process. Soeacewog? Oiﬁl@‘fg‘&%@gpe 4%&131_9&%959{\33?@& A-
associ at egtholghPdniSeRHBY LRSI RELH thE B ention are specifically

associ ations, an tabl e was cal cul ated (equati ons
desgribed abyve, dovidl B)appeaipteddbitimodifiedoms madhaiations of the

S TR s e B Sheh Pl Pl
inkdaubRg an | AR val ue <= ARTHRESH, where the default

value of 1.0 was used, were identified_ These cells ?0
cor r espondetiolievimesapmples wenaetided ompicrdearbrifustrsg the

(@) . .
s gt DyPRR B TRl HREs B RHRIRER MEhF mygption.
values in each table were assigned in order to
category GOOD. Using the. nethods previously
descri bed, the sequence ible for the counts in
M SALI GNED cel | s wer identified. Sequences
poppiet 1:f Peedichiopjor senong EREA D h oy

aiviic RINA *¥A) RN ngth

m sal i gnig s R e understandin
preferred E%Zf hod%%F%gﬁezgla%e%cesA\%Fsza}?déerﬁlihfﬁi ed as 8

gemosal dhgmgad Th hezen sBihe grimp 91 Wésve ribbmapestspehsibiel fardist ed
using the sequence alignnment editor pro?_am Se-Al, as

Cat&g@&r?qfél&ﬂ ! &%Wlﬁéé ﬁ?".ve‘[eSé]a‘?Ié ﬁ@%%ﬂ%ﬁesﬁﬂ%ﬁﬁﬁ% 1%k 2)

stritEreIAINERGRaitiTRve (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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30 (_BVSCOXI Il cox2_1) were noted to be m saligned and
realigned (see Table X). Sequence #| 6(DRP130746 Dp_

and sequence #73(petB_ 45 ) were not 43
wo 20 S ed0 eyl Usaobs! 03065( unusual , T Py itoss
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need of realignnment] The entire Shevek process was
then repealed on the altered sequence alignnent data

f b ' T .of )
ek of hre IR uRIARAS, WRe It IrRhEBhopHARCAEP M biniRly siructura
feayres of thes mgiwnREith kspecificity faldnes Xt hotflelgnpithenitt@infait e :
tha}/h{g)’ t he new&#}gt ggf predictions. It 5 is notable

tSHHECF N@p And pvithows an indersianding of Sheisadienal §iatson-
CricR SHcL Saifi r f1B1d; ' i :
5 redi cItg’G}1 oﬂgsﬂ?&e% tgét ﬁég grgof?gm?%?&ll%@%t?% agér{l\%bl?try oor%th'3

ex@uiEarytem®dgognt of the proseat invpatidnan tpesforn wids prestivalis
X 45 and 13) X

e, 1R B BT e TRt e stuuse ol ot e
“mbagfriekamben” Widcatéd @Aahe fiesent vkbnilibh §a112$be£p¥ﬂrl]ie§ g of
e

. predictions was then applied by the user in
biopglymsts ingeReral ifey the ropsons nredpieds desetibedn al | positi ons

redi ct ed: oGi.a re_mnimzed,. al i t he

gi opol yrrg }Otpt% ﬁ%l#gapéfg.z&ﬁ‘ﬂ?nf’%gsr {%eilgo i f\hﬁvﬁg ?%%&‘%W‘ére
obtsied\by béurdligy tHRMIBI Fit@hass (Iﬁb:ﬂhﬁwﬂf.ﬂbﬁﬁﬁﬁﬂﬂf?%o%@r similar

bi ochem cal |y determi ned structure o 'S sa
SCAPEYEDH AT FRBPIICEE fireasty identified 99Being t@Grougell kibbz#B8s. §4djtep 1
: 0 rj 15.reveal s striki iJalarity.
in . CVBIeRt Lo RRRR e o AR e B TR AT T sBhovl
obtaibed fromt fipnfp-ighras 8isoa R phig ONisegX ). S 505 §18H 2R M8, 1. This

esdS ordriln to base-pairing rules; However, in _region
resylfed m the SauGAsE gisuacn oV ithfatle I belew- Sed sep dieFigel. or

not the A g1pabdidinMe fisldif & /54 f?l%lz rdddMo' thedhl ﬁ: Vr\_ﬁaatn iy%ed
known as a wobble pair) or instead pairs WtH THeMA
by Slevels slgbrithms. t Thei primaarypuepost abhi dolikaving deriptivn is to

X nner) - this intergction 20 occurs at the "kink"
lnugﬁufﬁ.ﬁl@aﬁ%@é@ﬁ%@eiwﬁﬁﬁtenpt to nodel . this region
requi r estid¥esof AdiRicddhdant Hib-Ray ES%BJIMLEQHS ofgpotsﬁieons (possible

. Biochemcally, this was resolved by testin
nfegactiars ippyduiced by 8fe Corabivatorink MatchingtRrogasabf the present

. £ .Qn...F hi nbj.gui ich
invefBSh 1 o B TG s sk S b L K lege gampponas
to tiprltousuitch 6dtm thKalib@hédt in €hbigh. ., 1998, Ml . Cel |

1:433-441), was_quickly and easily solved. Shevek
det er mi o ca¢leoldBe nderactigsj an astund fiequgncy ieble/wds produced, a

: e 1 e iy Sl i o
o ERASERFOBe Yy R A 80w P
freqpeiyitabled WerchRasratcdaithé Aesh ddppspuagh bi ocheni cal

analysis to be involved in the catalytic reaction of
this ri Hdgykeveksaethikd ifaorpeifosnedithe calt@BtiGelolf scores and their

' ~44 - her ef an., _unusu uni t. _Further
stané:%ré%lgtétih éc_l?é)g&é%‘f tc'ot .13 gneﬁo%scggeg P,\)qvb%{g&u%tm@ Ié%d E’%ﬁteps
6-7 rfdgr g diotg a0 tharpreditien acthe Prscwhes s R OPNRSIhA piddes (Thus,

Cl assic ana{ ysSi S usi n% | ase-pairing "rul es”
no P score has an value less than 0.0000001.,) Examples of scores and standardized
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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suggest an interaction between. this C and U. Shevek,
i n accordance with known studies, correctly does not

Woz(ﬂuﬁ?;kﬁl an interaction between the G and t

Thus 44 WD 21004/ 0- 27-540 PCT/ US2002/ 030052'%‘#%%%“&{’&"““
has predicted not only correct associations, but also
has correctly highlighted wunits of particular

Figfst? NG ﬁﬂgﬂtlfvla E‘f g%gcg to{_f ﬁﬁléh % Lﬁ?%%g%efdfl&hﬁ%l LA 36 d%fmbunon

heve predictions that are
and 4 degbvasud Y @ldtoTla%se phutsivese betn peredited foomhe puoposchifseader

nol ecule is 100% The sensjtivit overage) ,of .[.t~.
GOIBPT@E?IWW AR RS STy AR DBy ey dacth e
thevé%@e {nSeshHRYMLABRM L IEh & thik E%%ated@l‘l%ahﬁw?s@ ]se{?nbmatlons
Taken together, these date show that the exenpla

w1féarsb@mts hdmv thfse ttlbreshqbdse sashifing iy emRSdist. i The dit Bsttior thls

o interagtion in an accurate, nore, tine
¢ §ﬂch??ﬁﬁse§ﬁH %égler manner than previously described

met hods. ATdh@inl dlighibticiprotesanlas AR BANS) rélifRh g
process and m sal l|ngnment process are _central to such

groapingiof thespain yisg gambingtions Where spasehivingd/ epmeR popision were
grog@?@%g ghoq‘%n ﬁclcaﬁea{/ £ }@faéii theeg ke%'a?é’]#r (%dg 5?}% a8 association is

Ion using a bioc en1ca
detdrhoihyd i medam"df@ssrouiaaslls dfipy mimede]e asmhmam m@y béatiostin Grst

present inventio eful_fol,
accoFieg HLbF BiERes gy Hﬁnab%uf 1Y g Q}eglﬂil%/ g %th@owhen the
I
pingfGER LR #&&&%i&%@#@%&*?&%ﬁ%ﬁ? o Rl e
listbﬁaitétiﬂz’tibﬁﬁaﬁﬁ@ﬁiMMIelVﬁMG1024680246$0246802465 10 1.5

o g ehod, BN DS Ao st o BB, Tien

beg'h.nqlle mi(rsangﬁﬁéﬂt ﬁﬂﬂe&sy FB@ Eaﬁ:h%@tl@eﬂ:ﬁ&'ﬂ Gi]jA‘AM’ tdelidslassdiated

th@ﬂ}am(evaMr@d’ut@ﬁraS@oaatlons;mmzablq @@s calrplatedgquations

VII!I &;C Tﬂ{) e;c:h' vreh ug;%‘a%h taﬁe%’b‘éspon ing toone 1(11 tigAéI&tgd]é&EalG

frequency table. See Table VIII for these AR tables. Cells having an JAR| value <=
ARTHRESH, where the default value of 1.0 was used, were identified. These cells

F<

correspond to character-character combinations that belong to possibly misaligned
sequences were designated category MISALIGNED. The 3 highest AR values in each
table were assigned in order to category GOOD. Using the methods previously
described, the sequences responsible for the counts in MISALIGNED cells were
identified. Sequences identified a minimum of REPEAT number of times, where the
default value of 2 was used, are considered the most-likely to be misaligned. Table IX
is the misalignment output (step 9 in Fig. 1) of the preferred method.

Four sequences were identified as misaligned. These sequences were
inspected and edited using the sequence alignment editor program Se-Al, as described
previously. [Sequences #43 (_ZPU16993_cox2) and sequence #352
{ 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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r) CCOX1. 1-cox2. 1 ---- GAGC | TTTTGC(;
GG - - - - GAAA- - - - CT" f GOr 1AGT1(; AGTTT-.Cl 111 T.1CO |

WO 2&%9/62%44&@ TTT' 1"1'OCGGG ' ' GMLIC  _----- "1 oo (] )
i CAAGTL  ?(1 M1'1-10021 cox2 | - _%qTfugioozlusoﬁaa
G’*GCT j 1TTGCGGG----GAAA—--- CL" TGCAAC , TACAG | "I T--G

t11CSA OGs cox2 ---- GAGC | -FTTTG, (.

(;
unu%l but ot ﬁAé& ﬁﬁﬁqw ehtalgré&;geklp&)g:ess Afds 'fﬁenqg&e!ted

on 1@3 aﬂfér\éﬂisem&dl@ﬁﬁ&ﬂﬂ dat{ set LNl hDp&tieds wadterdied.( 13 - - - - -
Uy A Tl o e et PUa X o 5 Tl ),
the %@{S’ listCohdl m@nplareqfo ‘Igble%IIMlﬁTMp@ﬁ ofpeidtions. It

is nmble@wm{m’cﬂﬁs}ont aTigRAIBinh@t pradBss not only results in better scores

i TR s TR s P 1 T TR R L0 T

0.5 it two prdPRL3 i d Bfefsitkin: det&ASE 5GE 45 and
STRGHEGTRRGIRETY: oo pARRAD 1364 RofoRhs ore der BN an

13 3685. Uihmﬂm piedigtions of e Shewdomefharldeve been enbanced via
m%ggn GAAA:- - - - CTTGCACGTGCGG 17C--T 30 A.CV 130 7 37_
ad5 - - - - GAGOCGTATGC GGG - - - - GAAA- - - - CTT

CACGTH" MT@ set—oﬂpredléﬁ%lﬂs 3thé4kenppliadiby the-user in the
GACi COGTA' | © (1. CG AA- - - - GGAAA- - - -
follgwinpapagmer: |t Q)@E@l@ef betwepn allpoaitignparedictsdty associate were

mm&x;zm%ﬁﬁger 0 6@3@% 71}1}8 esulte Jg the structure shown

in Fig. 3(QABEEC(b) BATREEAG of-the biochemically detemnned structure of this

samge re@&i&if%{q Cg%%Té C?t.' 1 43? % 131&111 overa companson
reve’laigsm sihnifd @ﬁ%@v@ﬁeﬁx? Qroré %&Fa&ﬂée Fieeibl16wirg2dS

obsmmmmlmg G, oftemdima_ 3erRRdng Rebasar@biringrules;

Ho%v%%@t l&ﬁ q%léé%(a%acg@&lggi sychayles yghsther or not the U
pmr@ﬁ%@@ CHeAkSFonT it {inGhtis kmovia 4T e rfhst&cﬁaaﬁ
1~ 143425 Cp.-nadb5 ---- (iAGCC G '1' ' 1 =

withele g acrossm@r@é@(mwlawqwtsoecmkvmm)@ﬁ alais inferggtion
000?%?% %nfﬁlf:mﬂe at a empt t%%é%g&ués this

EGE 0G0 Brochélﬂﬂiaﬁ\y thm%@s@ﬁ@d%@emﬁe ackessibility
TGENC n tjd3 ¢t

of tl@eser upltqtqchp@w@@)odlﬁca@&' or Shevpdsrthisahicwitn bk Tegpired

leng] hy ?1_0&?@&#@%&%0 %&é }:‘9 f!r ﬁsglet&%ﬁggﬁ)m et al 19 8,

Mol CeH 1@RGI31 AGTEHTAGRTy and edSAG olved. -Shevek determined the correct

mteé%&@%é@rﬁ&éé&@m ovesin Aéﬁgﬁg%%ﬁ%% _ACGGITC--G 45
M SC'A}Z"( %ﬂaédéitlé%}Qﬂe_“G” in reglon 1 (see Fig, C_l_(a,) and 8(8)(}|11a CFrevmusly

been @entified thorough biochemical analy31s to be involved in the catalytic reaction
of this ribozyme. See Konforti et al., 1998, Mol. Cell 1:433-441. 1t 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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Rl] PACG coil 1_07 ----GAGCCGIrl']" G CG&GT- - - - -
GAAA- - - - GTCGCACG?' ACGGTTC-- (i MIPCCOX1 00x_1 | ----

TCOG TATGOGGT- - - - - (i: AMA----G 1' CGCACG ), )

wo 20l %51292_cox 11 ---- GgGOOGTATGCA 1T-hei) z’k&(‘}“
o= GAl' GC. - AC GTACGGTTG '1'  MKL. COXI-Cox | | ----
GA( : COGTA. TGATAT- - - - - (1 AAA- - -

Slﬁv‘:k M%gdé%eﬁﬁg brﬁ’} cbrrec@'agoégmbﬁé Ibllt é:-\l’g-l:l)’dsQ:g %?H Hi%hlcjghted

urM'ﬁFaA@@T@obar Iumtlolﬁil mteressAGCCGT ATGCAGO ---- GAAA----

e G AL A0 P it o
pr@hcﬂﬂbﬂs@ﬁﬁ@re_ﬁ@éh&b? the total GhhGElo(prddiAchASY th?s nofecule is

---- GIA |' CO(' GTACGGTTG G C I NTXX- Fps] 2 10
IO_O_A _TM@@@PVleQj@mga) of its predictions, however, can only be estimated

%Bg[ '_%%%@g% tﬁ%’%re,.&lﬂ is ~’% /55

----As kCﬂ“aﬁ‘ﬁf@ogetﬂm CRAEate-shGAAnt-the SEGH1ArY ARGHAGREEDT the
--G . CHZIX - 212 ----AA(CCGA ' ATTCG AT- - - - -
@&Mﬂvenﬂ@ﬁ@ éﬁA@'@A@G@@rﬁe’@pm Igaaceuraty pipxe i ffigiept and

e A e A s oot Thpdndusion gfym adaptive

scEAE0ge MJ@?MHS&LH@@(M Iprec(esé are CEARCtd Sch \abiliEiEd. Tin-addition,

éA\ HFI'C&W oa@bl@%@cw @d)gfgbienﬂp_e}écilgn deter%}l_aﬁc_ng:

usfélé I, nSEabiAed, e qb??% %ﬁ:ht-fﬂ_fcfhaﬁhe
I7_.IV'L} ttnI 1SGA ‘i CA(1 TAC

pr@ntﬂmmti@@(lse@@'lf@*(pred@tmm;\cuqms |f011‘tﬁop01ymers generally and

e O

4AC—---GGGC|A—--GT1 G',4rGC" 1' CiCGT'I'C -G 46 W
2002/ 027540 PCT/ US2002/ 030656 CHNT, XX trnA. 17
- - - GAGCA( AGTACGAT- - - - - CTA AA--- G ' TGTAA- GCTGTGTTG - G
CRZN4, X trnA. }8_ ---- GAGCACAGTACGAT-- .. GAAA----

GITGTAAGCTGIGITC. . - G CHNI PXX t mMA~ 19GAQE( ' AC; A(;
"1'" ACGAT clAl ~A CTI TGTAACGCTGIGITT--C_; 513VSCOXI I |

cox2 | ----- GAGCTTTTTGCGGG . - GAAA- - - -

CTTGCAAGTAC. AGTTT. ... G CHNTXX | rnK_26- -

AAGGOCGL' GL' 000AA, 7' - - - - - (;

AAA- - - .. AA. TGCAAGCACGGCTT- - G C] - | SATRNLt it nK 27

- --- A, AGCTGTGTGCAAT- - - - - GAAA- - - - AATGCAAGCACGGTTT- - G
CHI VI PXX (rnk-2 8- .. AAGOCGTA ftCAC ]------ AAAA-

A. TTGCAAGTACGGTTT- - G OCHN 1XX_at pF_29

---- (', AGCCAAATGAATG - - - - GAAA- - - - GATTCATGTTTGGTTG - G
(:1 | PSATPG aEpF 30 ---- GAGCCAAATGAATT- -- - - GA

"1 1" G (r7"1' G- G
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S0L400848 al pF 31--- GAGCC AAAT (;
AA 1. ----gAAA-_. . - AATTCACGTTTGGTTC- - C3
F 32 ----(; A4 ; <6
iy ,_ZtAgc-_- - C A(AA G( - GATTC AT(=TTT(JEEYS2002/450656
C.'1'| A9l'X h. at1lF 33 - A AGOOGAATG LAT] ---
SGAAA----t1C il (AL GI'[ I;a 11"l --C
11VU010573 at p9- - - - GAGCGAALE 1
FGAA' 1' G- - - - (i AAA- Sequaf&%v?fgrmﬁﬁlt THITC - G
15CHNTXX rpl 2 34 ----AAGAA ' '
FATGCTTT- - i GGAA- - - - GAAGCTTGTACAGTTT--G CHM ' XX_(' p

r}}12---- AAGCTGTATGCTT-- - - - - GAAS oy

17 1 & } rnl9 1

AllAGC.'1']'CG™ T e 355 7 VTR S P21
CTCACGT. kCG@I2 4 & 6 Ti 6 562 kbR ofggémwgs 3_37G-T-T-C- .

GT/&TACTAT ----- GAA. A---- GTAGTAC GTACA - -

0 eS| 6- - 38 - - - - GAGOCGTACGAG(; A- - - - -

Cdunne (30 | CCTALAGRIRT e b ONIXX EROCL 29 cvce
GA(ié(mPaG(GATGAAAG---- GG o
SQL400M r poCT. - _10---- GAGCCCCEECGAGCES - - - - GAAA- - -1 ;
T Ehpic 1" --"1" C HWPX: Xr poCl. -4'}'TC T
- 'MICW-B@AC%AGCClcﬁ :fg%ArG_G:--—--GHII%}F%ACGTGTGGT:I‘C--T
CHbtiNEoCGoxanT bi35 -4dag GOGGG—e(GAAA - AG GTTT-G
ACRCATNCAGAGTT- - —-GARATTFTGAEAG CAG A %‘A’G ACAGTTT--G
NED Topsa! ~-GAGCTTTITGCGGG—GAAA-—CTTGCAAGTCAAGTTT-.G

r-EAGCTIT GGG A- T CORTCAAGTARNGTTT--G
b CoaG PASCTITRRACC oA}

GCGGG—GAAA---CTTGCAAGTAAAGTTT--G
SOMEQIBAT P&t B_44_gacerrorr GGGmAﬁ: \GTFT-G
CABDHG2@ ' ABCABA.- TaAGE TGG--2 GTTC--G
2 gFWW@@%UeQSLB 45-CAECODCTARBAGATG A A k- ~-CEITEACG CACGGTTC.G
" Tl?wﬁﬁg TAFA CEEFRECCGT FPXYOA pet-BCABCEGCARGETTC--G
1@3 1 Faiié AAGA TPACCCST AG--— G- TG FAGIISTHETIC-T 4
7 eizerss o s C. ' L ohAAnd Ik AR CITOCACGIGCGOTTC T
ASAUTBTIAT @%5 TGTCGA@IG@GT@HM@A)GL-@Q@BM%Eﬁb@%ccem-:r
ABVI3HG A

- A5 Y CACAEmadAT GATGACCCGTATRRAN—-GAR AL - A TGEA AT GCGGTTO-T

SRR RRID 49?::G e
ADERAAIT ba ndAA- - -l h - TTGCACGTGCGGTTC-T
ChPNId A90axpet D- 5{GAGCCaTAFNTGRE A

3AG AW A 'CKCGTE%C--T
T%AMZ?J TIRAT CAT GT@CEATFTOGATGEL-- N, - \cceddqelPac =G -
| At

Al

AA~—-CTTGCACGTGCGGTTC--T
A -:-%TTGCACGTGCGG’ITC-—T

SN | C-GAGCCOTRRARGG-—@EBESAC NECLOAC IR G
E: - Ca na ----GAGCCGTGTGATGG----—GAAA--——CCTCCCCGCACGGTTC—-G
43425 Cp nads -—GAGCCGTGTGATGG--—-- GAAA----CCTCCCCGCACGGTTC--G

MTPACG_nad5_4__OSH ---—GAGCCGTATGATGGM---GAAA---~CTATCACGTACGGTTC—-G

MIATGENA nad7 1 -~--TGAGCGCATGCGGG---——GAGA-—--CCCGCACGTACGGTTT—-T

MIATGENA nad7 3 -~-—GAGCCGTATGAAGG----—GAAA—-—-CTCTCACGTACAGTTT—-G

_MPOMTCG nad3 ~---GAGCCGTGTAATGG-———- GCAA----CTATTTCGCACGGTTC--G

MIATGENA_nad4 3 —~GAGCCTAGTGATAG-----GAGA—-CT. ATCTAGCTTGGTTC--G

_MPOMTCG nad4 ---GAGCCGTATGUGAG-—- GAGA----CTTGCACGTACGGTTC--G

MISCI13_cox I__I_O4_ ~—AAGCCGTATGATGG-—-GAAA—CTATCACGTACGGTTI -G
MTPACG_eox1_1_ 07 --GAGCCGTATGCGGT--— GAAA---GTCGCACGTACGGTTC-G

MIPCCOXI cox] 1 -~GAGCCGTATGCGGT-—-GAAA~—-GTCGCACGTACGGTTO-G
SPO251292_cox1_1 --GAGCCGTATGCATT--~-GAAA-—GATGCACGTACGGTTC--T
MIRLCOX1 coxI_I  —GAGCCGTATGATAT-—-GAAA—GTATCACGTACGGTTC-G
MISCI3_ coxl 2 05_  -~-GAGCCGTATGATAT-—-GAAA—-GTATCACGTACGGTTCG

MTPACG coxi 4_06_ -—-GAGCCGTATGCAGG——GAAA-—CTTGCACGTACGGTTONG
AMUA1288_Am_cox1 3 -—GAGCOGTATGCGGT-—GAAA—GTTGCACGTACGGTTC.G

MISPCG_cab_ 00 --~GAGCCGTATAATTA-—-CGAAA--—GTATCCCGTACGGTTC-G
CHNTXX_ 1ps12 10_  —-AAGCCGTATTCGAT-—--GAAA—GTCGTATGTACGGOTT-G
CHSORPS 1psl2 2 1 —-AAGCCGTATTCGAT-—-GAAA-—GTCGTATGTACGGOTT-G
CHZMXX  1ps12 2 12 ---AAGCCGTATTCGAT--—GAAA——~GTCGTATGTACGGCT TG
CHMPXX 1ps12 2 13 ---AAGCCGTATICGTT-—-GAAA—ATCGGATGTACGGTTT-G
_ZPU16993_cox?2 =--GAGCTTITTTGCGGG--~-GAAA--CTTGCAAGTCAAGTTT--G
AF0800S7_Ot_rps3 —-GAGCCGTGTGATGG----GTGA--CTATCCAGCACGGTTC--G
CHNTXX tm[ 14 —GAGCGCAGTACAAC-GGAGA~GTTGTATGCTGCGTTOG
CHZMXX_trl_i5_ ~~GAGCGCAGTACAAC-—-GGGGA—-GTTGTATGCTGCGTTC-G
CHMPXX tml 16 -—GAGCGCAGTACAAC —GGAAA—--GTTGTATGCTGOGTTONG
WHTCPTRNL trnf ~--GAGCGCAGTACAAC---GGGGA-~GTTGTATGCTGCGTTCAG

46



10

15

20

25

30

35

40

45

50

55

60

65

CHM'XX clpl' ] 52 ----AA GCTGTATOOOCTT----GAAA—---
AGTGCTTGTACAGTTT--T 5CHNTXX _...yci 3,

WO 2001/'&2'/Q’ftﬁccGT ACGAGGT- - - AAGAAA: - - - TTCTOA‘A( Cﬁ?ﬁ@oﬁzgo&a

I'C CHNTX:S: rpl | 654 ----GAC
A. GAA. ----- GAAA- - - - CTCTCACGTCCGGTTG- - T CRZMXX_r pl ]
6_55- - - - GA. GCTGGATGAGAA - - - - GAAA----(C]' C'
f' CATSECGART ﬂ?T' - T CdSEA R AEBALO-G AR -+ GTTGTAAGCTGTGTTC-G
- - CHOARCHEA T GAGBAGEACAGTACEN T-—ARAA -~ EINGTRASTIGTGTTC-G
TCCOBGI 1h4_19.  CHVIARKARAGTACDET 57CAAA~ GLTGIRAGCIGTGITI-G
Floox2 1 CapGCTITUGHGSEAT BTG TGIAAGTAGERRITH-X X

tmK_26_ ----AAGCCGTGTGCAAT ----- GAAA-"AATGCAAGCACGGCTT--G

K 27 -—-AAGCTGTGT T——GAAA--AATG

OB TATCAGK AbCeoT TR~ AN RCT ANt STa e T

CI IR _naliFi 28 59--@66@9@@@ TGAAAR--~GATTCEAMNATGETTC--G
A’ CHASBAPG_ atpF_BOACC-GAGCTAAATCARTT-CHMPRC- AU FIZABGTETGGTIC-G

é\ﬁ%ﬁ@%\? R e

atpF 33 -—-AAGCCGAATGAATT-~~GAAA—--AGTTCATGTTCGGTTT--G
- - #VEA TEAGCCAAA SO~ 6 A A - (Galr T BEA SR £6T 1
T WQ}MC{ 2«--4AGAAGTATGCTTT ----- GGAA--——GAAGCTTGTACAGTTT—-G

- & CTSTATGERR: = G4 T ATEIECTITATITET- &

5 Clvgﬁ 3 T GAGCCGTACGAG ~—GCAG-——~ CTCACGTACGGTTIC-G
o1Ys f7 — - (KGCTGTATACTAT-—GAAA—-—-GTAGTACGTACAGTTC--T
-GAGCCGT. GA~=-BAAA-ClGCTTCCTATACGTTTC-T

[ CIMIXMG%T BE- - T—-WGM@)@GWE&--GAEB——-—CTTTCACGTCCGATTT—-T
--5Q WMGAA@'AGCCGGWG“"GA@F’F T

R TGPATCESTIaCTT
C 4 GAGCCERAFG CCGATT,
IC%%%%C ls‘"ﬁil'{ ----AAGCC e LXEUN ---~ATA§CA 'rrs ;lj
G_65 gaGrTe TR0 EAPAA AMIGTeITAT Lyt
ATIT@#SELS] _ple@G(al T L-neﬁfeﬁdr)wtd&@ht rofab6- GTCTCATATACAGTTC-T
- - wmwﬂmcmg &A'IE---{GA@AGG'IT@CKJ ATACGETTC--

G@%% r t S@AGCTGT m&g ATTTACGGTTT--T
0034 TGATGAS ! --——IT—A ﬁ'ﬁcﬁﬂo—i‘

-- €H AT GAGGh GeeaaAPOARS AA-=- AAALBFITCATGTCCGGTTC--C
CACHMIGK_AGCGGPTC- —-IIGA(GICCMATGXXW ----- TAAA--—TTATCATGTCCGATTC--T
r pSHRPIXX_gipt -1 - SAACOCEACE OISR TATC = ABMMA-COATNFCAAMESTACED

| " CH —clpP 1 52 —~AAGCTGTATGCGCTT-——-AAAA-—-AGTGCTTGTACAGTTT--T
of3 2 53 -—GAGCC -TTCTC, ACGG
R 169336(-,&%&&&&% oo R T CT
C‘AT 56 - T--AMEIE2R 86 AMAN --GAAA=--CTCTCATGTCCAGTTT--T

GA%G[IBA@'@%T- =—?GA%§$£=GA@F T@@A@Gmcmmg@ggggm-g
. TCCGGTTT-
é& ﬁ?ﬁ Sr R__: g%APQ tfi‘egﬁ(gf‘pﬁf--—-@t%fccmccGTTC--T

————— GAAA--—-ATTTCATGTACGGTTT--T

CHNT)\X_nthl_GO_ ---—GAGCCGTGTGAGAT—-—--GA.AA~——-GTCTCATGCACGG’I"I"I‘--T
CHMPXX_ndh2 61_  -—GAGCCGTGTGAATT-~GAAA~-—-ATCTCATGCACGGTTT--T
OBENAD202 nad2 4  --—-GAGCCGTATGATGG----GCAA-—CTATCTCCTGCGGTTCG
CHNTXX yef3 1 62 ----GAGCCGTATGAGGT---—-GAAA-—ATCTCACGTACGGTTC--T
CHMPXX__ ycf3_1 63_ -—-GAGCCGTATGAAGT-----TTAA---ACTTCATGTACGGTTT--T
__CHNTXX _tmG 64  —-GAGCCGAATGAAAC---—CAAA----GTTTCATGTTCGGTTT--T
CHTATRN 1_trnG 65 ——-GAGCCGAATGAAAT-—-CAAA—--ATTTCATGTTCGGTTT--T
CHMPXX tmG__ 66 ----GAGCCGAATGAAAG----AAAA-—--CTTTCACGTTCGGTTT--T

__MPOMTCGJmG --GAGCCGGATGAGGGA-—--GAAA—~-TTTCTCACGTCCGGATC--T
CHNTXX_rpsi2_1_67_ --—GAGCCGTATGAGGT-----GAAA--—ATCTCATGTACGGTTC--T
CHMPXX_ rpsl2 | 68_ —-AAGCCGTATGAAAT---—-GAAA---ATATCAAGTACGGTTT--T

CHZMXX_1psl2_1_69_  -—GAGCCGTATGAGGT——GAAA—-ATCTCATGTACGGTTC--T
AMU#1288_Am ml  -—GAGCCGTATGCGAT--—GAAA-—GTTGCACGTACGGTTC--T
AF029891_Cp_srRNA1 —-GAGCCGTATGCGAT----GAAA---GTCGCACGTACGGTTC--T
TPSSRRA_sSurRNA  —--GAGCCGTATGCGAT-—-GAAA-—GTTGCACGTACGGTTC-T

AF0B7656_Aa stRNA  --—GAGCTGTATGCGAT-—-GAAA-—GTCGCACGTACAGTTC--T
AF029891Cp_stRNAZ  ----GAGCCGTATGCCAT-—GAAA-—GTGGCACGTACGGTTC-T

PLRRNA23 Im_I -—--CAGCCGTGTGCGGT-—GAAA-—-GTCGCACGCACGGTTG-T
PLRRNAZ23_lm_2 ----GAGCCGTGTGCGAT-----GAAA----GTCGCAAGCACGGTTC-T
PLRRNAZ23 Im_3 —-GAGCCGTGTGCGTT---—-GAA A----GATGCATGCACGGTTC--T
PLRRNA23 Im 4 —--GAGCCGTATGAATG——-GAGA----CATTCACGTACGGTTT-T
MISOLSUR _ms2. ~---GAGCCGTGTGCGGT--—-GAAA--—-GTCGCATGCACGGTTC--T
MPOMTCG tmS --GAGCCGTATGCGG----GAAAA---CTCGCACGTACGGTTC--T
Azotobacter__Av_groEL ----GAGCCGTATGCGGG-—-GAAA—-CTCGCACGTACGGTTC--T
AF065404 Ba pX0l  —-GAGCCGTATGTGCT---—GAAA---GGTACAAGTACGGTTC—
ABO011549_Ec IntE  —-GAGCCGTATGCCGG----GAAA---CTGGCACGTACGGTTC--T
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TPSSRRA ssurRNI A ---CTAJ . ; CGTATGCGAT- - - - - GAAA- - - -
GITGCAC GTACGGITC--T 55AF087656 Aa srRNA ----

0 So0AESGUATGC, GAT- - - - - GAAA- - - - GIC GCACGTACA. 'll'UgObZ-/AJOGS(»

AF02989I1 Cp-srPNA2 ---- GAGCCGTATGCCA' T-----

GIGGCACG | ACGGTTC--T P1. RRNA23 hn_ 1

----CACCC(I'"C r" 1" &CCC;

T- - PS8y ms@TECCARGCARGAGEL Grc- 1 R BRNAZ A6 foccRrroT
.- ECI-@]&GGG&AGCGGTAM-C— ---GAGA——- GGTTCACGTACCGTI‘C -T

--- TACGGTTT--T
= G'A—- TACGTACGGTTC -C

C. AHATIZQ@EME&‘T I ---'ECGeCdTGNhﬁQ_SLdiAcr NI TACGCACGGTGG-T

- - - (R CEPERGC( +-BCCCCETGTGARRG -~ GA ABFCCRATEOAC CBETFE-G- T
Af f% é&? —-ACG --fc‘gu TQQCQIG TACSEAGT--CC;
T AEBTTC éirg ET oA T khc AcaTacOO T+
== GACARCHBTGCGET —-GAAA-—-GTCGCACGCCGGGTTC-G
Wf AL ;- PICACCEA TGS A--FOMM 04GTB@ O GGTIC-G
GAGCCGTATGF(lCT ----- GAAA- - - - GGTACAAGTACGGITC- - -
AB(] 11549 Ec IntF ---- GAGCCGTATGCCGO ---- GAAA----

CTGGCACGTACGGTTC- - T 47 WD 2004/ 027540
PCT/ US2002/ 030656 PSYI 8999 |'p 1n0)4lC
- - - - (3AGCCGGATGAG(i G - - - - t

CG.1--....CTCf' CAT'G'f' CC(.iGITC .: ' ECHR FP Pc
I nt B GAGCGi GTA' 1' GAGCG- - - - - GA(i A - - -

(i GTTCACGTACCG7 ' G--"1' P-Nl EV IMItmlilt] ----
GAGCG GTGTGAATO - - - - GAGA ---- GGTT ACGCACO(5TTC--T
ASU] 37d7 An_hl yA

- - - - GAGCCGTGTGC: UGG - - - - Cl AAA- - -- (Jf"1' G CACGI C,

JACETA T ("--] 1) L LU50902 LI _Itr13 PAU7I7945
Pa Xiné CDIIORF Cd orfl4 A130223()S 13m | npR

NITPLCOX 1 cox | | NI TI'LCOXL co.x1 2 1I'|PLCQXt
cox] 3 SFU974S9 Sf IntA 10 ----

GAGCCGTATGAGGT- - - - - t TAAA- - - - GTCTCAA. GTACG(i'1 TT--1"
----GA GOCGT: ' 'I'AC |' CC----- GA. GA-- - -
GGGGTACGTACGGITC (. ----CC G CCG 1' GO TAC G ----- -
GAAG--_ --CGI-"ACCGCCACGGTGG-' 1' ----
ACGCC; GTGTGAGGG----- GAAA--- (:'.TCTC. | TGCACGG I ' (T G
---- AC. QD00

| ' ATCICTG - - - - - GAAA- - - - CTCCT(' . CTG | ' A(" . GGTGT- G
---AA(i CCGTATGAGGC --- - - (-ABA---- C 1

' TCACGTACGGT 1 T--(; ----

GAGCCG | ' A' I (i A TGG - - - GAAA- - -

CTAT G A C(i'1't1('.Gr; hTt -T GAC C(: CG
GTGOGG f' ----- GAA A ---C TTCGCA CGCCGGGT' |'G--C
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TABLE 11
Interaction List for D5 Sequence Alignment:

GAGOCGGATGCC (' ' ] --- - - - GAAA- - -- GGTGCA CGTCC(; G
TI'C--G 48 \1,' O 2004/ 927540 PCT/ US2002/ 030656~ C - -
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4 38 6.456 0.4007 0.13121 9 0.4
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5 17 6.745 0.2608 0.16695 G 0.6
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5 26 41.698 0.0917 0.40517 4 1
5 31 7.458 03177 0.17341 6 0.5
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61. O O O t>5340000 (10 1 Actual Frequency
Table:! | x 39 Actual Frequency Tabl e:b|15 x 33T 26 2
7 17 3 0 0 Actual frequency Tabl e: 12 030656
WOZ(%#@NS% Actual Frequency Table:! 7 x. 31. ‘4%‘38%%27030(3(
03217 0130 WO 200-1/0275-(o0 TABLE IV sanple scores
PCT/ US2002/ 030656 Post . Post Chi - Sg. PVDF(-1)[err] 1 ogP
45152. 741373218. 05@35/81644. §,462. 091 (, 3,0180. 704811. 7 |,
130. 9850. £0420. 7,284 42A g, 050. 713965095290, 1 93 ,,

7%70. 65326). 099560525 106; 7. §099. 0046Q, A45552. 3 4 06
138. 4820. 20671 ) . 141584260. 7 @?@31780 @SZ& 1572()5. 5 0.9
1328. 16404403490. 3835641. 5 {403 0.1814 4 12
7 49 1.735 0.4839 0.0833 4 0.3
8 9 98.826 0.6000001 0.5093 9 7
8 10 12.288 0.0042 0.29111 9 2.4
8 i1 46.058 5.14E-05 0.42583 6 43
8 12 8.569 0.1868 0.18368 6 0.7
8 13 43.6 0.0002308 0.41431 6 3.6
8 14 8.939 0.3665 0.15317 9 0.4
8 15 17.959 0.0501 0.21711 9 13
8 16 11.935 0.1999 0.1784 9 0.7
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 41.173 1.59E-05 0.56939 3 4.8
8 31 19.012 0.0328 0.22607 9 15
8 12 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 2.358-06 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 35
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 0.05499 9 0.1
9 24 20.339 0.0644 0.23105 9 1.2
9 25 8.457 0.0561 0.25806 3 13
9 31 30.049 0.0017 0.28421 9 2.8
9 32 35.137 0.0014 0.3061 9 2.9
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 5.5
9 36 4.423 0.578 . 0.13196 6 0.2
9 37 60.051 0.0000001 0.48623 6 7
9 33 3.153 0.5868 0.09097 9 0.2
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1411. 4210. 09060. 174511 154. 8170. 76870. 113340. 1
165. 3650. 70460. 120570. 2 1711. 0220. 3330. 175710. 5
0. 72960. 078490. 1 242. 1540. 61430. 0757 _
‘”Ozéégﬁ%é 50. 04010. 305351. 4 2(562. 1870.0470.43%?&??@2m“”36
3123. 810. 01370. 255061. 9 20. 1810. 07190. 233861. 1
13. 7160. 12080. 191250. 9 345, 310 44210. 118990. 4

1510. 0840;.0620. 209§31 36 . 29060,5167460. s
3315, 2620,01360. ;ﬂsgsl 9 60. 40040,131210, 4 !
397. 180. 06350. 2 . 2 40 @ 0, 325 i;1450

432, 7850. 7} 8410, RARL70. 1 60. 8 08464

4418, 4840 09490. 27192 45279590, 026431 A71241

46172, 386 oooooéﬁ% 830397491 1. 3440, %?o 21§§ p
94.4882. I SE-050.862564. 7 7 0265 6L~ 060. 707185. f

917. 2.570. 06050. 260651. 2 1021. 5940, 08510. 291571. 1

11220020 00630. 2 0090. 00580. 332072. 2
I4§§Tg71 0 ﬂ%g %ﬂ§$§ ﬁgégwﬁﬁo 00560. 363012. 3
166. 8480. 30560. 165510. 5 176. 7450. 26080. 166950. 6

Nozc)es ?Im%ﬁfk%ogﬁ&é Qor&ﬁéa%i%gs cﬁengtg gin—(s3 0§egl com%lyngl)tuﬁlgg ¢ to frequency table

evaluation, as described in the preferred method. (e.g. frequency table that had a row or
column length of less than 2).
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317. 4580. 31770. 173410.5 WO
2004/ 027540PCT/ US2002/ 030656 323. 6720. 66370. 12126 0. 2
7.8750. 24460. 176086 0.6 343.590.55320. 1 18 }
WO 2058027390, 53920. 08764 0.3 362. 3880. 5870. 106(]3]]@'83.1302%306’6
377.3430. 12070. 170034 0.9 394. 0210. 15990. 178012 0.8
X1031310. 910. 112756 0 419. 9370. 2280. 197796 0, 6

428. 2680. 25590. 180426 0g§ﬂ§§%§i§20E_061Z 5 2
4629. 1220. 0018 64,2 : 10. 067054 0. 2
794.454|.035-0§§%§ 51A§?7?¥ : é%Bﬁ%gégs 0.1

91.1.7130. 05740. 303693 1.2 1015. 4340. 06560. 34863 1-2

- 3. 66 710. 431683

41.73 3 7

oo i13'75%%§8 12100329062 1.9 1318. 9390. 1290. 386172 1,9 qp
-1 162. §470. 3782783553 g4, 39 141090 190493 7
7 232.5270. 354107141613 (P EOFR1. 1640735790 095871
.5 312. 2010. 6313 %33233 (73424 50 980. 17 89853
:%.8 331. 2780. 66620700313 (P2 8144, 1540°F5610. 181763
D.6 373. 5380. 2214-{FR332 ¢ SOb 2770 Bkg80. 100291 0.%
201. 33407 90420. 192085 0 4P 80% 160 § 1783 D. 8
Y124. 8820718550, 19R0E3 0. 7 0-J0000 87 !
9 ' 4 ' h%. ) * 7 0.0000001 0.59571 g 7
10 40 233.386 0.0000001 0.78266 g 7
11 39 121.636 0.0000001 0.97865 2 7
(h 44 88.023 0.0000001 (0.58868 6 ré
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 067514 4 7
14 34 251.36 0.0000001 0.81224 9 ri
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 a2 1156.114 0.0000001 0.54967 9 7
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10

15

20

25

30

35

40

463. 290. 16650. 160942 0.8 496.6770. 07640. 231132 1.1
831. 7810. 0340. 353736 1.5 916. 8280. 13260. 257396 0. 9
8390. 06560. 286436 1.2 1119.5240. 01670. -
““’”%gggéggo 01490. 322314 1.8 1456. 5350. 00810. Jﬁfgﬁgiﬁﬁ%%m%
1535. 9820. 00140. 376386 2.9 169. 6180. 1470. 196146 0. 8

176. 3040. 32750. 16146 0.5 2441. 8550. 04420. 405946 1.4
030. 42170. 155596 0.4

SRR

"0 2004! 027540PCT/ US2002/ 030656 377. 7390. 08570,

252.1410. 32720. 129852 O:.

gtk

3211. 650. 2162
344. 1960. 3540

J. 74564 1.1. 391, 2770.67950. 100292 0. 2
Pash770. 11838YR37096 0.9

419. 5680. 25620. 194086 o_B_hz
468. 3550. 06930. 18144 1.24491. #850. 48390108334 (1.3

998. 8260. 00000010. 50939 & 1032. 2880. 00420, 291. 119 2,4
11 46. 0585. 14E- 050. 42. 5838) 434228.5690. 2 S680. 183686
0.7 1343.60.00023080. 414816 316 118. 9390. 36650. 153179

0.4 1517.9590. 050. 10. 217%19 13|

0.7 1764. 3030. 00000060. 420889136, 2
233. 3670. 83520. 094389 0.3 243870.00710. §16289 2.1

(e Slo SR B = RV B S SRR VA S B = I S S

157976 0,5
285874 1.3 1

1611. 9350 19990. 17849

DF
6.0
2.0
6.0
9.0
8.0
9.0

9 42
10 40
11 39
11 41
i1 42
i2 38
13 35
14 34
15 33
16 32
17 31
32 36
40 41
4] 42
TABLE V11
1* Pass Predictions - After Chain Elimination
Shevek Predictions
Posl Pos2 \'% -log(P)
4 46 0.83039 7.00000
11 39 0.97865 7.00000
12 38 0.92264 7.00000
14 34 0.81224 7.00000
15 33 0.55137 7.00000
16 32 0.63759 7.00000
17 31 0.62887 7.00000
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2511. 1731. 59E- 050. 569393 4.8 3119. 0120. 03280, 226079
1.5 3212.5820.1 8660.183179 0.7 339, 3460. 38740. 156629
wo 200442 7348. 1460. 4170. 146229 0. 4 3538. 8590. 0021 i
2.7 369.3430. 14760. 191796 0.8 - = - == PerRsAitosse
3726. 6530. 00025330. 323936 3.6 3510. 3240. 2570. 1 64619
0.6 392.1.0560.00016410.107183 3.8
4036. 4870. 00023740. 3094698k /111
41.89. 412 . 3511- 060. ¢
42291. 5510. 0000001()". 874 J %4%6.83350.088746 0.1
4612. 3170. 1290. 220216 0.9 496. 6470. 35340. 163056 0.5
s 1077. 7420. 00000010. 451729 7 11140. 4010. 0000001. 0.7 434
86 . 122.2880.54160.094926 0.3
1362. 7742. 09E- 060. 497136 5.7 1437.0570. 00330. 311879
AR Table forpais-wisggomigigatiqanohe4310. 318994 Tabte for pair-wise combination 15 x 33:
1634. 5390, 00080980. , 03489 3.1 1740. 9294. 15E- 050. 335789
C 4.4 238.4110.86130. 094999 0.1 24207 3390. 06440. 231059 G
G 7.06296 ) 258.28550. 056747. 258063 1. & 3139991860. 001.739842192.838  -0.9961
T -1413%35 13A63901460- 88619 2.9 3365. 7699835030 -208249 153681  -1.7667
A 6448419 ¥BAI6932.-8B884724189 0.9 3551. 75237 02E7.08H34513868791  0.51726
C  -2.00425 36408780. 579893131966 13. £ 376033H40. 0CDIWO1048623B  5.6541
7 383.1530.58680. 090979 0,2 56

AR Table for pair-wise combination 11 x 39: AR Table for pair-wise combination 16 x 32:
T Cc T C A G
A 9.41425 -9.4143 G 141824 3.78041 -3.3219  -2.5496
T 1.62498 -1.825 A 4.12878 -2.5592 -1.747  -2.2694
G -11.029 11.0289 T -5.3581 -1.3958 7.36468 1.8159
c -3.974 -0.673 07775  8.72765

AR Table for pair-wise combination 12 x 38:
AR Table for pair-wise combination 17 x 31:

G A T C
T 8.8971 -8.799 -3.8721 0.26031 C G A T
C -7.8618 9.44601 -0.2425  -0.2425 10.0611 -6.8655 -3.483  -1.5385
A -4.1568 -0.2033 11.2694 -0.0894 -0.0334 -1.2764 -1.3349  4.43638

-7.8777 4.44662 512299  -0.3237
-3.1484 4.78872 -1.543 -1.0155

O-1>06

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 208085 -0.9805
G 0.58811 -0.4612 -0.3161  -0.1562
T -0.9961 -0.9352 -0.1811  11.2694
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10

15

20

25

30

35

40

45

WD 2004/ 027540PCT/ US2002/ 030565: 6
3929, 4093. 35F. . - 060. 48122 4071-8560. 00000010. 434- 28

wo 20044:2346960. 00000010. 87798 42115. 2070. 00100

4 90 03560, 250801 4 4526 1720, 00210 3 HHRIT/ GG

conbi nation 48 x 49 (data not shown} Note: m ssing
posi ti ons conbi nati ons denote non-scored conbi nati ons

due to frequency table Tﬁ‘fﬁ! tion, as described in
the preferred had. Fﬁ\%—% u able that had a
row or col urm%ﬁ?g‘ﬁméﬂ egs (ﬂla@'ﬁ.g{?ts‘lo 57
\\'()2004/02"' 540 TABLE V RS List - After Threshold
Appl i cation Post Post Chi -Sq. PV

446172 SEEEFENOBD JOEN TSHITEAS SO HBEY. WOBOHHIYERY 93
842291, 5510. 000606 5eqEN4T Tumbar iE AT 10atd0000010. 74348
1362, 7742. 092E-(D66: paiticd 37601105 $0ri9@000010. 48623
41293. 69Dk AORE0 1O d&BIGNAG ZLBEGESTIONRERXIBOES 9571
1040233. 3860. 00000010. 78266 ' 1

'139121. 6360. 00000010. 97865 114188, 0230. 00000010. 58868
114277. 633000000040+ 55285+ L3 R1:6x:2 2 0+ H086060-10. 92264
1335115. 7770 { . 000010. 81224
1533115, 5250 00000017 Bk 13 5 PObE istiact?

1632152. 4

0.00000010..63759 .
1731143.5é%ﬁ?68@%ﬁﬁ¥59§ 87 323673. S HNHBTIE E522

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

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

Aokt e ook ek sk ook bk sk e s sk ek e sl ok ok R ook ok Aok ok sk ok ok

Sequence number 16 is possibly misaligned:
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404187. 4460. 00000010. 47908 4142115.1140. 00000010, 54967
PCT/ 1 JS2002/ 030656 DF 6 (-1)*logP 7 58 WD 2002/ 027540
woO 208604752002/ 030656 TABLE VI Coupi ngs of RS Pﬁﬁ@%ﬁﬂ‘q’gﬁ

Conbi nati ons Posl Pos2 4 10 15 10 11 11 _
14 15 16 17 31 32 40 41 41 42 TABLE Vii Goup 30

1) Pass Predictions - After Chain Elimnation 35 40
Shevek Predictions

Region/Positions:15-33 Units/Characters:G-T
Suggested Alternatives (in order):
5 T-A
C-G
G-C
Region/Positions:17-31 Units/Characters:A-C
10
Suggested Alternatives (in order):
G-C
T-A
C-G
15
Sequence number 73 is possibly misaligned:
20 Region/Positions:15-33 Units/Characters:G-T
Suggested Alternatives (in order):
T-A
C-G
25 G-C
Region/Positions:17-31 Units/Characters:T-T
Suggested Alternatives (in order):
30 G-C
T-A
C-G
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Posl Pos2 V -1og(P) DF 4 46 0.93039 7.00000 6.0 11
39 0.97865 7.00000 2.0 12 38 0.92264 7.00000 6.0 14

WO 2@3/02755[}. 224 7.00000 9.0 1.5 33 0,55137 7. 09%888“'89‘8656

0.63759 7.00000 9.0 17 31. 0.62887 7

59 WD 2004/01-7-540 AR Tables (7 of 7) PC T/ US

2002/ 030656 AR Table for pair-w se conbination 4 x

46: AR Tabl e for pair-w sgapppknati on 15 x 33: TGTACG

7.06256- 6. 2979- 3. A% LAY R3125: In Bk 8311- 0. 9961

-1.41141. 4636- 0. 128G 0. 9825- 4. 76425- 3681- 1. 7567

-6.44646. 68465- 0. 5847T- 3. 1477. 88063- 2. 87910. 51726

-2.0042-0.97811. 1803C0. 33104- 0. 9569-1, 49085. 6541 AR
Refdkb& for pair-w se conbination 11 x 39: AR Table for
ATR@infna WM S€ conbi_nARRGARTCGRT-- I6ASAC . GTCGCACGTACGGTTC-T

9.414125-9. 4143GL. 418243. 78041- 3. 3219- 2. 5496

1.62498-1. 625A4. 12878- 2. 5592- 1. 747- 2. 2694

-11. 02911. 0289T- 5. 35811. 39587. 364681. 8159

C-3.974-0.673-0.77758. 72765 AR Table for pair-w se

conbination 12 x 38: AR Table for pair-w se
SeqepsrHRPTdl: 17 x 31: GATC
Bef%f 8971- 8. 799- 3. 87210. 26031 CGAT

7. 86189. 44601- 0. 2425- 0. 2425GL0. 0611- 6. 8655- 3. 483- 1. 53
ZBP6993 coxs TTTTT -
AR 156850. 203311 3694- 0 0894A D354 L BASTAMTTTL 43
Afi638 T-7.87774.446625. 12299- 0. 3237

C-3.14844.78872-1.543-1. 0155 AR Table for pair-w se
_ZRPABBrad on -1HGAGCIITTTHEIGG-—-GAAA---~-CTTGCAAGTCAAGTTT--G

10. 9198-' 10. 092- 1. 9538- 0. 9652

Sequence Number 52:

Before:

_BVSCOXIIl cox2 1  --—GAGCTTTTTGCGGG—GAAA---CTTGCAAGTACAGTTT--G
After:

_BVSCOXIIl_cox2_ 1 --—-GAGCTTTTTGCGGG-—-—-GAAA--—CTTGCAAGTACAGTTT-G
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-10. 9210. 39222. 08085- 0. 9805
0.59811- 0. 4612-0. 3161-0. 1562
0.9352-0.181111. 2694 60 WD 2004/ 027 L
wo g g%?lﬁ}lnmsnt Information (Qutput): 10 P(;" ?&E;ﬁ%%m’”(’
| S 1002/ 030056 SEQUENCES | DENTI FI ED AS PGCSSI BLY
M SALI GNED:  (note: sequence nunbering starts at 1.)
(note position nunberi s at 0) (The character

#' denotes 5]{,'(3(% eguence nunber 43
IS possibly Ngsa ?55 -t Oﬂ@me%ﬁ’ Oglg ons: 14-34
Uni ts/ Characters: GG uggest ed .alter nat ives é .
Posh; qdiop2 1. Rhi-Bd.G A |- i on/ Posi% i ons: YB- 33(1);"9P

4 Uni t €Pchar a&ge%‘g? CT Sﬁrggﬁ?g? d Al t@rﬁﬁ%ﬁl ves (gl n

SordeP: T -
Bxxxxx *****1'&6&604******QQQQDQQ'I&*****955322*****;9*******7&*

8 s xx Al x4 % BOAB6 3 equéﬁ%Eeoehurrber 0@15% pos§| bly 59
8 M sal gned: 9§§9910 45 REGIYAC! posi t PGAE 714- 349 ’
8 Uni t $¢# Char at?¥et*s: G G b g@g@bd Al t EH9P86i ves gl n ordef

9T-A 18 G Rediéf# Posi t | BRE0041 5_ 33 M?ﬂ%’v’Char cters: C,7T

9 Suggdét ed ‘loe‘POﬂat | vesog‘?%‘o% der 0743 6

9 37 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 59
11 39 121.636 0.0000001 0.97865 2 7
11 41 88.023 0.0000001 0.58868 6 7
g 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 0.47808 9 7
41 42 115.114 0.0000001 0.54967 9 7
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WO z@gggﬁg'g%zgnber 16 is possibly msaligned: l?&r/\ﬂ\gzgozmsoﬁm

47 0. 0 PCT/ US2002/ 030656
Regi oni Posi tions: 15-33 Units/ Characters: G T Suggested
Alternatives On order): T-.A C (T 10

Zegi on/ Posi tions 17- Sl%ﬁ_/ﬂar acters: A-C Suggesi ed
ternatiyes, (in order —1-A CG

nurr‘ée{?a?%igfe 1§ 8§§Tba’rq_%r %Elﬂﬂ@at?oﬁéé%ggfﬁ%%%ﬁ  ons:
15-33 Units/Characters: G T 25 30 Suggested
Alternatives (in ordehevefProdigions G C

Regi on/ Podiosl ofws27- 31.V Uni t s/ €pgPict er sSP¥- T Suggest ed

Alternatives (in order GC T-ACGG62 W
2004/ 027541) PCREUS2@0822830656 7IABRE X Cdér® ect ed

Sequence | af or mgsi on 1.00000 7.00000 2.0
11 39 0.97865 7.00000 2.0
12 38 092264 7.00000 6.0
13 35 0.72816 7.00000 4.0
14 34 081672 7.00000 9.0
15 33 0.59902 7.00000 9.0
16 32 0.63759 7.00000 9.0
17 31 0.62887 7.00000 9.0

Example 2: Prediction of secondary and tertiary structure elements of Phe-tRNA

using Shevek
tRNAs are critical RNA 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-tRINA sequences obtained from the tRNA sequence database
(www.tmibayreuth.de/departments/biochemie/sprinzl/trma/ index.html) (Sprinzl et al.
Nucl. Acids Res., 1998, V01.26, 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 handie 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. Hlustrated here is the
accurate Shevek prediction of a fertiary 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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10 Reference: b5"atnrna .
---- GAGCC( UATGCGAL" - - - - - GAAA----G7' (. GCA. C.' GI' ACGG

wo W04 he9gquence Nunber 43: 15 Before: ZPUlG%%i"tf%%ozz@)snma

----- GAGCTTTTTGCGGG - - GALA. (TTGC. AAGIC: ~
After: 20 _ZPU 6i 993_ cox2

----GAGC. TT I" TTGC=. & ] ------ GAZA- - --CTTGC
sollyA@dTHAARd prﬁxhde@fanW@ﬁ@ﬁ{ (511‘% I Sfll_e_;l_v%l% meﬂ?&{_ ?{Sesm_il_l Figure

I 2_|
(%\F(%%Oé! I Cos)é(@a@ppdqﬁed_n@eonﬁ@sé to whisSEOXtdractinpga@itiohs

- - CTTCC. AACH
O T HEP LA I etisior 7510 TABLE X 2'd Pass R
L| st ( Con$iwwek preditabive MerfGbhd StR02! B306RE nuclcc)atc))tldes first,

b g‘%%t@i%gs élggtge;tgglgg%{?g%l%%@%)o Eqs’lfl(;nllj-ofia:lln?dlthg ngIE?I?OSIHC (Q) at
po@ﬁﬂaﬁ 4@09&01%) AR 1RP 3 2felh i tidine s §p(:)|'811§0"§ 395 the
guanosme (G) at position 65. In total, Shevek makes 7 predictions: 6 secondary
structure interactions and one critically important tertiary interaction between the
modified m2G at position 10 and the G at position 45. In order to fully appreciate the
ability of Shevek to predict interactions, in Fig. 9(b) its predictions have been
highlighted in colored pairs 9 (the tertiary interaction has been colored black; all other
inferactions are secondary structure interactions) in the crystal structure of Phe-tRNA
(PDB ID: IEHZ) by Shi et al. obtained from http://www.nchi.ntm.nih. gov/Structure/).

Note the close spatial proximity of each color pair.

Although Sﬁevek makes only 7 predictions (having been designed to
favor accuracy over coverage), and only 1 prediction subsequently categorized by
convention as tertiary, its accuracy is 100%, with all interacting pairs coming within
~3 A of each other. These results can be compared to those obtained for tRNA using
the method by Chix and Kolodziejczak, 1991; here, although never explicitly stated,
~23 tertiary predictions are made; however, the accuracy of this method is ~13%. In
the method of Gurell ez al., 1992, as discussed previously, a consistent method of
selecting/screening scores is not provided — and instead, these authors circularly use
the known structure to screen their prediction scores. However, if one simply takes
their best prediction for each nucleotide, an accuracy of ~ 68% can be estimated.

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

66



10

20

25

30

41n 0.0000001V.511 ! 9) 9.390
42307. 4460, 00000010. 89839 91077. 7420. 00000010. 45172

WO 2@%@@0. 4010. 00000010. 74348 3760. 0510. 00000010..48623

3¥5960. 00000010. 87798 942135. 2070. 0000004 HUBHEZY30656
' 1040233, 3860. 00000010. 782667 104183. 0571. 381
E- 060. 46695. 9 1139121. 6360. 00000010. 978657

114188. . .
pro@g%es@I@glzgg geq%g]%%gg tgl_ngg %%%Zth]é]P%gMGSg’g’t%ngg gggga]ég '(é gt%%%[z et

al.; P@?%_ﬁ\é@%%@&@@%@mﬁ%@ (PFAM keyword: RVP). These

scqiGRad B6reTha0lNeed 051 IFIOUSTAL X™ software. The Shevek method
632152, 4470, 00000010.. 63759 o .
res']il 4 150 BEA OB EYE B %‘%’é% setgthese predigtionsdHpgiase by #
divé‘r@i@%\%?d é%ﬁi@algﬁ OvATA08 AdNREABWbINQIRORAN) FirsE4A6 Z
64 WD 2004/ 027540 PCT/ US2002/ 030656 TABLE XTI Pass

critieplbdingensgntion ofthe anilithefthe Bhevekmagtherhio(aaligar& a8 e

o 2515 B S S0 h Bk i
intekde?i®@s.978657. 0110002. 0 12380922647. 000006. 0

13330. 722%5611,7 it E)Vcl)l?gg gﬁ\(f)io&sfl t%Aigé gk]iﬁg zftigzgp t%gtg thg 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 HIV
protease, because its crystal structure has already been solved and thus provides for a
ready check of the Shevek method. As shown in Fig. 10(a), the amino acids to which
the interacting positions correspond are listed next to the predictions.

Referring to Fig. 10(a), Shevek predicts an interaction between 22Ala
and 841le, shown in red. This prediction, from the point of view of structure analysis,
suggests that these two amino acids play a critical energetic role in the folding of this
protein. From the point of view of structure prediction, (if the structure were not
known) it suggests a close spatial proximity between 22Ala and 841le (4-5 A). This
prediction brings the two ends of the protein together (which is about ~100 amino
acids in total length), thus vastly reducing the possible structure space for this
molecule. This makes prediction much easier as well as providing a check of any
hypothetical structures.

Referring to Fig 10(b), Shevek makes a second prediction between
501Ile and 81Pro (3-4 A). This prediction illustrates the usefulness of the Shevek
method in analyzing protein-protein interactions. The HIV protease acts as a dimer;
disruptibn.of this dimer would therefore be of great therapeutic value. The results of
the Shevek method suggest that the interaction of 50Ile of one monomer and the
81Pro of the 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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15330. 599027. 000009. 0 16320. 637597. 000009. 0
17310. 628877. 000009. 0 Exanple 2: Prediction of

wo 20QR9dgry and tertiary structure el enents of Phe-tRNA

usi ng Shevek tRNAs are critical RNA nol ecul &§T/US2002/030656
necessary for the translation of 20 nessenger RNA
(nPRN. A) into protein sequences. The Shevek nethod, as

e SERELPEA 15 OAG i BATRL St OSSR B
thisgih&ratgﬁbh‘i\uﬁﬁ@lﬁﬁ’l@ﬁﬁmﬂbto&imgdeﬁstﬂmd Rent Rfucegyeaiicion
.dat abase

POl RIEit oY et Sehchommpsimet niskmnelash ot bwrmeioas Masdd Pe r na

ok ] . ' : - AC , 1995,
mﬂ%@?ﬂ%é?ﬁkg%gf@ﬁﬁﬁggé%gﬁﬁéﬁ#ﬁg& ngE@%%?ﬁb ﬁigsulted
intermoRBulaeingeragiioas will be nfeginygeatéinvaduadat a set; these

predictigns further | St e the great. .diversity

and appl REBBIE® 5y a8 . e e ifdensfays been
highigh$dd inR@EAUPFaiRNE RKHTY pRALRe Akt SRIGERTPEE ID 1 DAZ) by
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gred) @G RIESThRO rNBY edn BeScom@aréd folthe nleasRith oGl 22€d 999, which

. .method, it is not aware of the biochem cal _ )
is ligdfied sp pniymsotemarediptian. Fgus protein b amaitay sige (104 amiwozails), ~

14 ar Ver Sdr, t ed,, }.1.. shoul d.be
20 BrEREA GO0 ) I BE maTE R o oo R 980 (iR ot
closesthizh @ A)peodhrkpleinabanady malediicdirfaulob wilize tHegirydictions for
..contact (previously determ ned by crystall ography and
eithgy; GBI BYedipfion g stiyetgre aumYFis. NP NV BN daneihe
o e BB b Shovck AR e H RIS & Qs
(e-gsH i Shevek detees agsocibgonsh invbihl maebe diie forspetid stid/dnientigetc
case, the sequence of interest was chosen to be the
co VIYRNA from Sacchar onyces cer evisiae, because its
crystal structure has already been 65 WD 2004/ 027540
PCT/ US2002/n3i-(),6 solved and thus provides for a
Exampiayy Ripdietiome! stietustmnetectie conjakts Afthe ipha sitburfi g
9 .t he cleotides (and nodified nucleotides) to
@v%i%@%g{%%%acti ng positions correspond are |isted
next to Hdrogdlsia(Hb) ©Rritiohieptetcidfespbinkitle fot@xygen
interactions between) nodified nucleotides: first

.5
trangportfeiadinghEhaBhevek mpthipdanodssaabedhaioye o Brosinle dfwith the

ﬁ?fa{lﬁﬁya%#‘?e&gﬁ' \pzfsha ﬁie'f{o ?egps.l 1:%30 MiefiaRnt &%ﬁ%ﬁni Hb
Samge wee e 5-ne cy 1%t 1 % B0t on J@r ahd
alpht Bequegtesigiingl 6 thé PPAM {dqaend@alatdbasd BaddmarShen.ek
r)}akes 7 predictions: 6 secondar structure

MELY AR E Ch.4C. Ui/ S BTN AKC chary @EM)(CPWM %OB%\D[ Ib@sﬁ

sengﬁ%%tr&ﬁ&% RR ﬁg@f@@%@g@@ﬂtﬁ%@%ﬁ. ﬁ%%isﬁlw& hhod

X=14

“the Gat in or y appreciate
resultbdin two predictions for this data set; these predictions 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
chéck of the Shevek method. The amino acids to which the inieracting positions

correspond are listed next to the predictions in the Table of Fig. 11(a).
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1.0 ability of Shevek to predict interactions, in Fig.
9(b) its predictions have been highlighted in col ored

WO 2@;(,5%4(9 (the tertiary interaction has been F@tﬁf’sﬁ%zmsomﬁ

bl ack-; all other interactions are secondary
structure interactions) in the crystal structure of
Phe-tRNA (PDB ID: IEHZ) by Shi et al.. obtained from
htt p: /[ Wi &f]gé tonﬁg‘ ﬂ'(@) %Va{lﬁar éﬂl%hhh"t ef Hemo&ﬁ»bﬁl doGists of a
cl ose spatial proximty each color pair.
sle;thadw@hesSEemmd ttrﬂkﬂesomrlfyldmgiﬁe@ predicgiog) Qiﬁlaw mgtebeen
r,.accu oVer covera
sl e ot R R0 Sat B g ahEi R Shrud itk
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CNGRR PR ST S i ci ency Virus (H'V) is a well-known
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A pr| ne target fof dru [ ntervent| on |ts therot,el n

for Exanpte I (mnth the sane default‘paraneters) was
appl i ed tSiceessfudoencietion wgmymmf e 163 RN Arhhspeendpr the most
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podtidiif i fANSerghtl 4S5 AT aliBemeifitadinpottd/& cﬁt!lj' ﬁO &qﬂlences was
appllcab|I|tyo Shevek I n an _additi onal [

perfgained. Mapdik ef qlt, Nusleje Adids freaP:1d éﬁ&ﬁs{@@(blt)r o8 ﬂaﬁ >t ilrémlllﬂﬂ
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Of Slesw, el§6to@c1rieteacéenr;raﬁt ef ﬁucﬂé@tdes tess t}rahetrhrapam nsthe Agatarh
it will be obvious to the s led artisan th

strysGuE (PEmbeRY Al rfh dagr eﬁﬁlémﬁé@ 2950, é@sqrtq‘férf’él pRdigiien
accg%dcg%@@% )15§ 8f {h@%%%cﬁ{?nsse{fﬁ fhde! g%glﬂgé ﬁﬁtghéh flleotides

I nt er'est sequence of
throughenede nwiscudd) asethert fivdxae hbeahihdrhoz(b igemmes@s, bebasdeA

Hoeéﬁzesend%/o ﬁ%s bfgf::éau rstelnpe?gst ?sl prrggic'}{mP ?E&A—'T?{ 1V($ Tl 1s 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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ready check of the Shevek nethod. As shown in Fig.
10(a), the amno acids to which the interacting
tj.ons correspond are listed next to th . s
wo 2099@&18“ ons. 15 Referring to Fig, | 0(a), ZP(fTegsezl?wm“G‘"('
pred| cts an interaction between 22Ala and 84l1le,
shown in red. This prediction, fromthe point of view
of ructur I tg .t rhqz
predor B PAP G BIRPF DT inHERER e 4B GO R AR PR

42 1h!eﬁﬁ:t tHRe el ﬂassﬁfm hﬁﬁir@p’lb iikloofe, VirawRef Bidchamto8ras7-300
(19&19 iction, he structure were not

b@eetvsllml?eﬁﬁé“s&@éama’é b3k EWSMﬁOEQ%O%}llé? GNRA
11 N
tetrzﬁ%) ﬁQ%écg?@eﬁrs}g 51%\{ IQ (bwﬂhﬁtg 1?%1’% b%l_tﬁ '(E)lge Irgi{rr\élf)rt]cg 93..
Moét@tlnﬁsrtalﬁly& ﬁte«’:}:iredletitgtrmde Hyhths preasd 1y1v¢rﬂ&x¢u(sug@stshhat the
pOSSI ble structure space fpr this nol ecu 1r X e
idenfiy 6SR ip & (TR AR HRRIMNAS AP K10 A8 BT ISP BRI G3H Y%fi“ sigion
126%!&?&{%0% @&é r@%?é?ﬁ:@ €3riaC@lat Sdsititsi 1919Ss o BRI Bn 1968 is a

evek nmakes a second prediction bet ween
G, aZBeeﬁt@t lim rmhabl@pﬂéfewet(cs fdr 9m) A aThosition &3 1cs pbserved. Such an

| 1 ust f th
obssyei T R b iR B RF PR FREPRbT L o Beplg el than
11-RrOhefeenatken@ssardi eter; disruption of this diner
woul d t herefore be of gr eat ther apeutic val ue. The.

results of the Shevek method suggest t hat the

?hé??:ise

Jiction g , 0L AIsUd ,
uSIﬂohgh@teﬁbl I|ty of t hus 30 hom)dl mer (shown in pur pl e
and greenz§lil this interaction is therefore a

target Uph N AR 8 AW FERRRPHRT; A5 PR B aptﬁtglcmral
and e&rﬁﬁﬁ%hllo?ég &Qﬁlﬁﬁﬁﬁo?@%}ﬁﬁiﬂqnﬁﬂfnsgapé/cagg@t{ bﬁt‘l} ;Qatselns

evek WOu ave ot herw se tecte
Heré 0bé Dsiriteat SHIFEEE aadlyVi©o? GR423225d0: EGIfdeZI@NB/ &8@%@6

are limted ways in_which_this interactjon c
(Antaiepmgnt ofhifsseqiongpsd 2y i (e, Se e A8 BaLRa,
(19%?‘ lS(i{é’@EK%éLgfearﬁ fouP pRidHGions. B%ie8d pRERtioAY WBledissessed by

ucture prediction point of view, however, such
maﬂpmmmﬂnmntm titesmrprsdlstrudtare ¢f BY.alowe oﬁeurvteut pregiigtions occur

dlffIC.|t to sor ntra l.ecul ar., i ons.
IFﬂH'ées 18%?51%?}1 5 ﬁetpéa]o Ogalpﬁ‘%%?t%el acgv{ﬁa%o ﬁ{/zro%lct i ons
conﬁiahlsmp hOEhaRYEHf ALERE IS seléalintea pReberdsidags inGubh gose
O(b) and 10(c), Shevek predi ctions have been

protimghyl inghatmdtursthecletpedslonxi3r%i n the HI V prot ease

ot~ oo SHRYER BEALAOR pvevepy ko iimiE LR DERERRlon

Theif'alsomeﬁfﬁ i stroferd ahdRs aTe Unaaile, thsaﬁrh fqtuueeﬂ ﬁmhemon s of
reat val ue. These results can be conp (g&h? tle
predfetl%b()ml@?fﬁe@ﬁ thesezpsidup grrp twthfé:wta v pemerald kD ToR BA
' 4:9944-
toff STV RYE PSRl PMPLEIT 2 Mg 1 84400
714W (199790 thexe e&m@tey amfm 1:13)% prox(imﬁyntgea batidfonmatontare f
invcgllg‘jgczgar {)egtg-ghgeé*swu&%%@p: 2 pia,rgg (1;)%01%1{10%%% TWI%SJ 31tts dl(.jrlegtI}! T lop 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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either- structure prediction or structure anal ysis-
Note, however, that we do not 15 advocate the

wo 2bdlssfpetation of Shevek accuracy using supg _ -
cuto?f values . 8 A). Shevek detects associ F?gﬁ@%ﬁmsuaﬁ
whi ch may be due to spatial and/or energetic
connectivity. Exanple 4: Prediction of

o3t HEAMALLSRRISET SufOB At 5 S AR AURBRRUAY e

hisédint ) @radven phedtitibnine espadisss Bae afedriocheygeily incapable of
transport/ bi ndi ng. The Shevck ngilg%ﬂa as descri bed

hycrpesrebansinasilsmiprasme (s, m hrerys REaH1LS from 1.
A R g
netseduehioteratdivabwse plopasedrfanthe attived site TS (Aberg et al.,

h otip:;// r uk/ Sof twar e/ . Pf ). ( PEAM
A It bl S AU O et s TR N S G
SHES/FKY Ffo@fde@h%ﬁiﬁhg&ﬁ%h EQf 13EiRwsThS (Bh 8¥qHend® M or

resulted in tw predictions for this data set; these
101 @8icortay siomombanasien ofitksisnanihhdass not didezsd hiye gnegpsiduc

v to.act regardl.es f bj.opol r . 1n i
congli st beld B0 bERREGH 6 BhalhROREMIR, 1P setled Moy e
selédtive réfhiReCatRe thik Sterhotiindl fisleliogdl Ul Bydragerabdrelagientedeor

sol ved and thus provides for a ready check of the
subsiialg dkndipg: 1pd b) thirec pefitiens a3 e oWl eagupHions. A

. ti e ‘ ‘ .
surefHoS1yBE et BATCARR is GEHHET PR, £5 € yhith Bbilaygstnat
thi2i0 vkl 82 ThebetRe:Rh&OA MRS ar pasflional 28i fghm Y1 (e mophits as mheearly

subuni t. of . Henogl ghi n nsi st s, .of si x_al pha . )
thepdaiealdocRsm A Ot 18 Y pefion dPAER Fasel- Prior to tis
an . s?s‘}' el e ur AT i fritleScdR bekRleR theSTY Hont %ebétv%s tﬁx%%i'ﬁﬁg had

ese helices wth respect to one another. eve
bequrobdérved bahremainath wekplomed édmeser: 48-Mioa Nl @@-Sce /'S4

o e BV gR AR bmend dlaton 5t gL DR e Ppg e
gerdfd 1R, itis 2x i pRs0LEestithdl be€uSe pSSHGIRS cagfirddelbteupdtions with
Shevek al so predicts the interaction between 84-Ser

othgrppsitBms) the smailarificapnd diflgramcesrrhserveil el unimigduad pegingn may

be Thilsadi pnteraction brings the end of helix. 6 together
W9 begi nning of Helix 4. In Figure 10(b), Shevek
predi cti ons have been highlighted in colored 10 pairs

in the crystal structure of human. H) (PDB |ID: 1RVW
Exapgple fi Predigtion ' al/encaretic iplsrmolecular interaciions of

Rﬂ%hha‘/m/%]%@m@%n nih.gov/Structure/. Alt hough t he
e first predicted pair is somewhat

| ar ge, beesingesthBHEVRIEs@cdssfullypo ppretidtybotr RBi#t ad protein
. heljces and 3 W] spe to o another, it 1S .
lnt%qt}Oél%;,éa%&lWa‘feqahatg#M iSﬁmﬁ@dm SaREPle BF BY Ripedpdrotin
intdrHSREuRP $tkiaichs. FO test this, an alignment of Ribonuclease P sequences, in

which each aligned RNA sequence is appended to its corresponding aligned protein

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 (£. 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.
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Exanpl e 5: Prediction of structural/energetic contacts
of the 16S RNA using Shevek Successful covariation

wo 2080§d¥g s of the 16S RINA has been for the_qﬁ§{ iy
I%@Eted to detecting base pairings in I|n1ted/g%@ﬁ%%w§(
o the nol ecule, and often required hundreds of
sequences. See Aknaev, Kelley & Storno, Bioinformatics

20 1.6:501-512 (2000);. Kel I. & !
subtifig éuneqt%re;eeéiaagcwéglg?fz%lrfa%e@ﬁé%%g\vﬁﬁs b3k SR 19 0%
link %lnitsl’ subsEd e IENACHE SedRBSneal fie cathBacTéRer OLriB&RcloadnP, where

alysis on all positions in a hill-1ength §1515 NT
the padteignuattords hymakcizsf tobing; Boullyeundaness snpeiantly, C) 333

perforned. MNaidik et al UGl ei i :

has UpomsStsom Pt Jeso atiop i oude el B dn e ©ontact the

protu?ﬁ) Rl ahl ¥ske, e RIpBEEREm BRs/Sd3 558 ¢20003H The 2umber of

unctional associations. 25 Of these, 156 oggyar . e

proteie sequiences gt cquigfbengisradily abgneddiaitadihip sige RF Higgrenmant to
the crystal .3 . id Yre@ictifh. NoNdisS, the

24 syFOCES Y Cl%n agig@%%%yéegﬁa&a Hg%r%rlel pr edi ction

avai 361 Wiskhm@dal 9G¥enck. shfoaafs thite R PEK dias praingedin ecaberdle
parings_between nucl eotides throughout the nolecul e;

RN Axpisti¢iB LIESI: e non- canoni cal interactions, such as
A.-A Hoogsteen couplings. O greatest interest is
prediction 1268A-1 31 IGwhich is showmn in Fig. 12A

Exafhlg.8: IHBVEKMedictivePowdrer action in the crystal
stricture. This 1268A- 1311G pair, which is 3.6 A

apart, i1 rRut8ok@luatthe al.@ap Efdﬂﬁmﬁbqﬂwer ef BHEWILK, an
interaction - the first suc

| € tertiary c}g)nt aﬁt\}{ljet ectled
additignad 1@ pretbips ativorsstomyerdasteGiig. 14 Thovsghghjpgse analyses
004/ 0271540 Pt:.7: [ 1 : . £10, e
detei?tg ’ragfm&?po?ﬁ%f’% 15#%?@38 Ilqglﬁ%,%% ﬁegc’%gg%ﬂéf 12?? al oop "
CD4A81Add) @hggestiﬁl%za bbsteptpachowinghuse woagstion through coupled

Il A S R e S DL S SR
biocﬁé;rgléﬁﬁg L;qpﬁaf?%% %Q&ﬁn%ﬁr infeRkfigh 8%6&& ARAGhuRRREaRs t o

Ing Interactions with (:lie receptaor.
homblleptarheMBEIES asphotvarit Fig, 1¢RE it etivls taswenidde3 hio 1986) and
present inveptian sugge t t identity
Sealg gk Horgyviks, é‘ﬁ?ﬂ}t ta gbiﬁ%@ P (gliilggsl)}] r ecept or
speci fi Gk ¥achWigRe PPBiotdiNanhRB8d, 4 sbwAin Bigs 140 blue + red
preference fora. (_i at position 1311 is observed;
areaw)p e praR&ni wascongidersd weanale when hestesignes predicteddp deragh
an, A at. position,1311 is 0
mapgess o GBI hy R0 ety ARG EracE WoRfng furfher on 6 A
apa]:{.lq%%ﬂﬁ%%iﬁtg%tf r@{ddmlY Efsosthgfpaiedithiee A dflonklanotheAwas also

platformlike motifs. 1il. Exanple 6: Predicti on. oIh fact
calcglptedotstnezthe einestaistaf sagoastanelscs (Hreiea), fRaqorppt for the fac
nt het.a S| AR NAS, 1. eis
that PR of SRR e R O iloze &
higRPZYEmR4lic prabias thahhiggemjmesi The mhcaneitplosemenirio atamscy (red
are carried out by proteins. re, %le i}LIustrate a &
areaSHEERCE Alaange issthe Pradictive yalup o€ e Factpd 1 AP 4RRG BRI 18-

14D§%Pet éﬁﬁ@%f( method resulis 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 Cp-Cy cutoff of <8 A; as reviewed by

Lesk, Lo Conte & Hubbard, Proteins 45:98-118 (2001)); however, a direct
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(An alignnment of 37 sequences; Tatusov, Koonin &

Li pman, Science 278:631-637 (1997)). SHEVEK resulted

i predi ctions. These predictions were <

‘Nozﬁgﬂﬁﬁg%ping them onto the crystal structur 8 @@ﬁ@gﬂmmo

Two of our four predictions occur 20 between residues

less than 5 A apart, for a predictive accuracy of

50% I.n conparijson, the chance of. rando selecti
compaiigonds p@éqrazmgs .pﬂtagmﬁcﬁgql%%)em&p &QP’E%J@)‘/&% rﬁsuét 1 e
of pf’etd{cgi%}é’, _rlﬁin?rﬂl rtRnd Gaded upSl ¥ncdwiPor iothRkiz¥EKnteraction

predi ctiions, however, are not limted to structure
projettiai SHESEK dthety onllysidowdntoractionss basge vipee thesiatiparal. 1o

. illustrate thi focused fu er on 25 prediction

Slgﬂﬂb‘wﬁ\f{o‘ﬁg@lya\%meﬁ’i@@@sﬁ ?Jre%nal%;%'t o the catal ytic
center of HIS. Fig. 13A shows that in the E. col- HTS
structure (Arnez et al., Proc Aatl Acad Sci USA94.:
7144- 7149 (1997)), these residues are in close
proximty: their backbone atons are involved in a
bet a- sheet, while. the side chain phenol of TYR107
sits directly on top of @G.Y129. Arnez et al.
hypot hesi ze that. TYR107 is required for proper
hi stidine 30 substrate binding. It acts as a hydrogen
bond donor to a glutamc, acid and a hydrogen bond
acceptor to a well-ordered water nol ecule, which in.
turns acts as an acceptor to the am no group of
hi stidi ne. However, position 107 is not absolutely
conserved even 70 WD 20114/ 1/2 ?5411 PCT/t S2002111340
5(; anong bacterial organisns. In sone species, it is
occupied alternatively by a cysteine, histidine, or
even a. nethionine - residues that are biochemcally
i ncapabl e of hydrogen bonding |like tyrosine. Thus, in
the crystal structure of HTS fromT. thernophilus,, in
whi ch a net hi oni ne occupi es position 107, a sonewhat
alternative network of interactions was proposed for
the active site of HTS (Aberg et al., Biochemstry
36: 3084-3094 (1997)). By coupling position 107 to
position 129, SHEVEK provi des a unifying sol ution.
Fig. 1 713 shows that the frequency table Ittr | 07x
129 contains no conbi nation of residues that does not
at | east have one residue capable of being both a
hydr ogen bond donor and acceptor. This suggested that
'a) the 10 selective requirenent fur this interaction
is functional: a Hydrogen bond oriented for substrate
bi ndi ng; and b) these positions are able to swap
occupations. A superposition of the two structures is
depicted in Fig. 1 C which denonstrates that this is
i ndeed the case: the 0 of ASN at position 129 fromT
thernophilus is in nearly the identical |ocation as
the O from TRY at position 107 fromE. coli. Prior to
this 15 analysis, the structural differences between
the HTS fromthese two organi sns had
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beat observed, but remained unexpl ai ned (Anmez et al.
Proc Natl Aced Sci LISA 94:7144-71.49 (1997); Aberg c
. al, Biochem stry 36308403094 (1997)). re.
‘Noz%%ﬁg?§+ | evel, this exanpl e suggests that bgggﬂggﬁymmmﬁ
positions can trade occupations with other positions,
the simlarities and differences observed at an
i ndi vi dual position nagg¥éﬁgge m sl eadi ng. Exanple 7:
Predi ction of structur getic internol ecul ar
interactions of R bonuclease P using Shevek Havi ng
We Uked: SHEVEK successfully to predict both RNA and
protein 25 interactions, it followed that SHEVEK
shoul d be capabl e of predicting RNA-protein

i nt ernol ecul ar i nt.eraction To ,t
al i gnneht SroRPYGHER! e Oégrﬁﬂgﬁgééﬁtpaﬁdlvﬁﬁ Tindac
interﬁ‘io',l&ﬂﬁ&g bINALRRGURRER S ARRRRIG: dcteehir; Otdse smmmdu ng

i gned protein sequence, was generated. In addition
comp@seauner ous, accurate secondary RNA structure

predi ction redicts.one RNA-protein

i nt er nol ec@aa??aq%‘g?%cotnlpmc 8t ween 30 13- Leuci ne and
333- Adenosqlﬂjlgtﬁlgsh(ﬁ@ﬂuemuﬂb@rprm;s ahi | e the st ructure
of the RNA- protein conplex is not available t

eval uat e (s grasnpliminghion plrrese: VHGEL 5§ %’We&g’r%dgocess
por badlect
resu E’l é Jli o&gt‘? r{ﬁr‘ehﬁj i¥n Olfc)né %#ﬁz@?e%ﬁla&%@/gggﬁ/ iblco dar
inter®@&dndS2002/ 030656 subtilis st ruct ure, is an acceSS| bI e
surface residue; B) 333A_h Cross-

heen shown,.t q '
To' 1 ts* 2unhe molbof RRKARA WS G SR IS ¢
categ SIES o;?e{%terd ﬁ&@%&bﬂ%ﬁl@s ﬁld m%ﬁs ndd@iBEALechled 9f@ed Bio

esi ze ind;, finally and nost inportantly,
umf&)nl?@&a@edhﬁa&sbeen shown by | owresolution

Slr 2 tjlelf :1 de-| nke&wg%%ﬂ} émﬁ% %&tgﬁes@h%%&ﬁlﬁng process

deteBh@k4 4th§g§ﬁo§é %a&%qg@h)dlstfﬁ!ilﬁldﬂmﬁffoﬂﬁly sbﬁleﬁ etdtes.

sequences that could be. reasonabl ned llmte%
the si zd. ofhe methediofplrin wipgeis da
reduce the cer ai_nt I\Ionet heI ess,

basedjpon 2y o %ciaggﬁgﬂgﬁ 4&%\5? g%llg érglgggest s that
SHEVEK hasTpé ﬁféthbti@ﬁ chith @asisreblie: Aepuot of locktiands agnedian
site. 10 Exanple 8. SHEVEK Predi ctlve Power _To bet.t er

disteinionand thavacesies of ispsrdeon @taﬂl\}’éte{%‘\ﬂgl’ e e qEthaaedign

di t%‘g{tlonal 12 proteins of various sizes were tested.

15 "14A shows that these anal yses detected, anong
ot her s, @nThohetadtdfemiars vhaciauhd mmhord it lequatitaya multiple
antigen gpl20, vvher 15 CD4 bi nds est

of thyggter@ag WPW?W@%@B@%% 5 W&Hﬂ%f%&m ed

mut ati on, ( t 188 ofk is a -1
90: 7176. 1%@%9%5'390 {Sf% amgsd’»\ti,\/gé‘re&}gfslé lalﬁlf%?ggﬁe% cally 0%

P scotiipRinged-log Pehmsheid determined by:act i on bet ween t he
subunits of the "
-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.
8. 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 isa V

threshold determined by:
and V-MULT represents a constant.
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henohept aner GroLS as shown in Fig. 14B(Hunt et al.,
Nat ure' 379:37-46 (1996) and Seale & Horowts,

J.
wo 2R@h7s46hem  27030268- 30270 (1995)). 20 For Eg?@esg@zﬁr)gtgsﬁ

13 proteins analyzed, as shown in Fig. 14C

areas), a prediction was considered accurate when the

residues predicted to interact mapped to residues

. whose ¢lqo ! RSE-MUL Yl h BB §aRe of 1.

further thhZﬁékgﬁk%rbg%gdruﬂg%%&pr obability 01?_ r anglomoy

choosi nd 1p@he methiddhifrelsimA wherandéhacivit elimwaon bgoess

cal cul ated using, the structure .of each test nolecule
SroyiI G BRI T4 SOBUR (X SRR e oo st cFpyag process
basdf %ﬁgfl%}ﬂeﬁ}’ 0%115}?@9&1% 6, SROBSH AlednViRed £5inANES adsb@btid Rr

spdti a yc(iosel higher in smaller proteins than
eaclh grogpof esvess. The percent i nprovenent in accuracy (red

area onl ver .cha .S, the predictive.val ue of the

metnod. b 1BE et Sl phgreht 5 bt Bt nog
conv@Rul ts in a. 50% i nprovenent over chance, with an.

overal | predictive accuracy of 56';%. 30 O her
nonpeifdvody sehdest syaeas intorumifprylyfsepled Brefigs-n cont act

predicti,gn ve . c - 9 ' o

Ceos 1 edtr 1O fpafta A2t Hhath Gt p L floRicd fng
equitesi, Lo Conte & Hubbard, Proteins 45:98-1 18 (2(1));

however, a direct WO 2004/ 027540 PCT/ US2002/ 030656

conparison is probPéma Fe1)(dont)aand predi ction.

speci fic approaches result in jundgeds of

predi ctions, using algorit hn@‘ﬁ:‘i@@ upon known or

hypot hesi zed i nt er Bgt £6(Q) pr es., SHEVEK. detects

only a few interactions, basgd fg¥nthe statistical

signatures found only, in the alli@gngent w der

analysis. 73 "' O 2(W1027540 PLT/ US2002/ 030656 CLAI M5
whote/ GldT raprésentAlinenyionsadfianmatuahiredusdey tablep Padpresdntya

i ntranol ecul ar and Jjnter cul bi opo r 2
probaiIy AeH 518" Lot ISl i HECHP DR Eboagip G~ 1> and
2. ' i@ standardi zati on process; (ii) a
X 1§ﬁ%£%§%sgﬁ{éftsé?'m ning process; and a chain elimnation
pr ocess, 14nTat eiathsiifd]sari@e whagirpthe Pessorek Ora edailtsd ying

a set of association predictions for intranolecul ar
Exaghd/ or internolecul ar interactions. 2. The method of

StaffdiiRhiVdipwher ei n the standardi zation process
categori zes expected frequency tables and converts
nonuni f orSniChe sacdhaedofetomds, whexsin 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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uniformy scaled scores. 15 3. The nethod of claim1l
wherein the threshold determ ning process determ nes

WO 2064W2$53‘90I ds based upon distribution of uni fq;cqi,[}gz%ﬂjls d

scores. 4. The nethod of claim 3 wherein the
threshol ds are determ ned based upon a neasure of
| ocati on and a neasure of dispersion. ti. The nethod
of clai 5y Anuharah i of aﬁilﬂrﬁ%ﬁgrﬁn%e P&RbI O tdrhifn BrYcas
20 di stfibution and the measure of di spersion is an
is Interquartile range of the nmedian distribution. 6.
The nmethod of claim5 wherein the threshold is equal
perfargled omY §%f%  of the interquartile range past a third
quarti| 9} T ctBhd bP&ainDt EreHEREIH heLpihAN € assdeiatlditfor each
met hod of claim6 whereinthe uniformy scaled score
group of scorbsoig chéseadustercherdingdo ighksd’, thenHpwesidply and then
.., determned by: -log P - Threshol d=3QV (p) +
ulgh‘ff&p)*P- MULT, where 3QV(p) denotes the third quartile
range fop A REmph@doRl i fot [Rting entednesled i and
interquartile range for the -log P score; and P-MILT
intermejrcebe misragiigsreoppmsings, The nmet hod of claim 7

wherein P-MILT, h . 0 9. The

nmet hod of %&E%@%ﬂ%@%ﬁuﬁ/ﬂﬁ’gﬁ#g gg&rﬁnée g%%l ed score

is aV thhpshbjetthgehe peaonsio/bigpolane: Mdgidice datepo esent s
_a constant. 74 WO 2004/ 027540 PMSZOOZ/ O?f0656 10.
aligmmpeat pEACRE WHPTSH SAIfRIBBIRRRDE BYOSCS) IRAUECH &SP AETTIF
align\f;?elnk‘ﬁat‘?if 11. The method of claim 1 wherein the chain

elitmnation process groups scores greater than ) ]

t hr eshol ds(cisitgeatingelst sehof dequertveadijundntdiatatord eonthgnatorial

roce based, upo ared, .common position and t hen
mat Gt o B R ! SRS Broce s of
indic}?g%ggssiﬂiggsgg@{ahggs;of claim2, wherein the

ardi zation process r converts nonunifornmy
scal ed scofd@preprrogursef erasiual Feanaagy Rbdesgistng tha dataThe

. ,.method of claim.12 rei.n.th SGOr )
indicafipg BP%@@& V(R [ an?(]ﬁ% Gt Sﬁéeﬁ\ﬁg?eezﬁ%@%g?gﬁ?’epr esent
di mensi Onsﬁe?ﬁuﬁ}ébtﬁ@th@éet b faug Teyuetoyhhisles tor epodsg ptasess
a probability density for degrees of freedom, DF, as
to olaifugrest Poirorss; @d where O and % is Pearson's
X, -stati st&

ff ‘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: | 7
(i) generating a set of expected frequency tables from the set of
actual frequency tables; and
(if) 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:

U; ¥ty = ,

1
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14. The nmethod of claim 12, wherein. the P scores are

cal cul ated using Exact Statistical Methods. 15. The
wo 0RiAedeo f claim 12, wherein. the P scores <

calculgted usi ng 20 estinmated exact stati'st?ggfusmmmmmDG

nmet hods. 1.6. The nethod of claim 15 wherein the

esti mat ed-exact statistical nethod is based on a

nonte carlo sinmulation of a distribution. 17. The

met hod of claim 1.3, wherein the expected frequency

taple ds. iRk h i | ed fredencylof L8lis in row i
Whe%"@l(‘g]fdﬁﬁt%% ?ﬁ@%ﬁ@?@%ﬁéﬁ%@@ga éhe&lmet od of claim
and dolumuh eF Bierexpbrted fe@ehof tbliet ersimefall pruste ge 3otal of

performed on -- og of P scores. W) 2004/027540
CEHSF"’G:W"HJSZG@'Z”F@%@%@ D PE Nt hod of claim!., wherein

the threshold determ ning process is perfornmed on V

scores. 21. The nethod of claim1l.1; wherein the =

pi nnacl &5 &dBisooetard oficipior 23 adkrelythe sopipging gigp &xpqrmmed
. chosen firgt according to highest P, then |owest DF,
using A Fetisam s §IHEEC- v. 10 22. A conputational nethod for

predicti intr | ecul ar.and .int 2Qf b etio ]

Pt er acePoRe woon PEFAES 2 S b He o 4 Aatstic i
%%&%H% bi opol yner sequence data; (b) subjecting the
genom ¢/ bi opol ymer sequence data to an alignnent
process, wherein sapg aljignnent process produces a set
of sequence ng nggt—g%gq; (c) subjecting the set.
of sequence alignffent ®ata to a conbi natori al

mat chi ng process, wherein said conbinatorial matching
process produces data 15 indicating possible

associ atj ons; repar.i n . f - r e ;
Whefp 68 BB Ab e PLBer ot st Pl s B Rle o RApERTr
cell BSRRF] Bld MEmANET thb exsRteddteqmendsentle. al i gnment  dat a;

(e) subjecting the set of actual frequency tables to a

scor i ng 27 Shemsthode! slsimi2a vehesep s SCORBE BEOCCSH{PTHHISET )

.sybjecting the set of scores to a screening process to
subj B(I%{BJ(%J ce a

the frequency tables to more than one scoring method.

repy

28. The method of claim 27 wherein the scoring process further
comprises
obtaining a V score using a Cramer’s V statistic.

79, The method of claim 28 wherein the Cramer’s V statistic 1§

y o= x i /n
"\ min( 7-1,J-1)

where x2 is Pearson’s xz statistic; # = the sum of all cell counts; / = number of rows; J

represented by:

— number of columns; and min(l-1, J-1} is a function which returns a lower of two

values being compared, wherein xz is given by:

2 (n, -—u.‘)2
¥ = Z ] [ ,
ij U

i
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set of association information, wherein said
as;ﬁ)m ation information predicts intranolecul ar

WO 20 Ll i nternol ecul ar biopol yner interactigns; iy
iﬂe nmet hod of claim 22 wherein the scoring pré%%zégzmsooa()
further conprises: 25 (i) generating a set of
expected frequency tables fromthe set of actual

frequency tabl es; d (i.i ' .
wherdmeqiieneja aipitbeccl et g SORRY AR I pEERREac
ﬁ'equ%lgzpﬁ);fﬁté%ll?%ﬁﬁ'@f S1d Afumid NF B hpetiaf frefuehey @Blenher ei n

e set of expected 30 frequency tabl
val ues AeThe nicthed cbytainy 82ogkereip G‘Gﬁils/%‘f“’qé’?ﬁ r?’@%f P‘?}%@g%’\é?

/ 0306i b wher rr.l ~. Lch j.s..an approxi mati

uferr]) is a(ﬁ Jeiﬁé%@é%%?éﬁ%dg%dy of pgel s i tnI ?gwo{

and col umm j(;9f irbhorRMRtaketingpeguenaydt abl e-, n =

sum of all counts; n,- =total of —cells.in rowi:

nl- ,J =2t oml(zzdfa ahein| ehimipaties RIRFESE: WheFRg SHEL BT o8 Proces

cl.aim erein : I |
resuly 4 P B e R e e ot
interdelidhdn 25 wherein the Pearson's [err] statistic is

represented by: 10 where 1= . Of '
Fow - ek Themsod orgim b preerdn S B S o Bl L 0

of. a _cellin { QW bnRRtnd @biweitsi n@funtibanispsled scbres into
cate@?%%fu%ﬂ%cye?gjéﬂe. }%ét] The wethod of ¢l ai ml@r);g V\,hereri Sn
unifoli® soatydi sagrepr ocess conprises 15 subjecting the

frequency t abl -
The ot Ry IGmmarel thomaibhar™ (e TeuoRPalE e phbecss
dete@é%ﬂegﬁ@ﬁpﬁéség ﬁ?orpﬂlgt@i'bﬁ'ﬁﬂﬂ ofuMf@aly ecalsi stgrea.

statistic. 20 29. Th t had  of [
wher ei n33.HBheGnethet o&claﬁrsiéwhgﬁrgthgghfe?‘%‘%e%g lﬂ?tléﬁ%%l???i

where , is Pearson's e i:Std.C. =
baseHpOR SICARBEAT SEatpr o ipgiouiy S dighadion © LOB oM Of
col umms 34ane Hbdéd of claidn 1) wihsrcin fhemutasate ofAO@HOR & 4r ns

a lower o tw 2 25 val ueg bei.n i 0
median digtsibwiidmandithe measure of 1spersio isca%%%gqeu%ttil\é\@zg{g%loq the’

median distribution.
35. The method of claim 34 wherein the threshold is equal to a
multiple of the interquartile range past a third quartile range of the interquartile range-
6. 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) deunotes 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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WH O 21104/ 1127540 P(:1 71 S2002' 030b o where tat, =
the. value of a the Cell. inrowi and colum j and
woO 2604027540 1 S an expected frequency of a cell bprhQ%Waibes0636
and colum | of the, expected frequency tabre. Ug%v /waeG‘(
nmet hod of claim 22 wherein the screening process
conprises: (i) a standardization process; (ii) a
threshol d. det er m ni r ; o) 0 R1CAREAEh erou
basegd|upRp Elgafr‘a%lgowgéné) E,R%\ngea?lg?%&sdal ércl:er('gé" rlﬁarhg “or oces SO
ofsdogsul ts in a set of association predictions for
i nternol ecul ar and/ or_ | nter nol e,cu{ ar. j n&.er actions.
31, The AkeTomeiBod ob¢laimm Bovirendne stpmiardization process
hgndar di zati on process 10 categori zes expected
ferequency tabl es and converts nonuniformy scal ed
nom&Giedy scated sceras fndw mhijorsdpbeded ovogss. 32. The net hod

of claim30 wherein.the threshol determ nin
Got or ot oo e meb R PSR ey Rt T BrirRL PR

con

RS PUS 2 BAsed” Uti-on
Jfkormy scaled scores. 33. The nethod of claim 32
equv\ﬁgrei n the thresholds are determ ned 15 based upon
a. nmeasure ofDF eddtifdf/ afll aamveasure of di spersion.
34. The nethod of claim wherein the nmeasure of
| ocation is a nedian djisiributi on and the neasure of

di spersion i SDD%I’]: FO pE range of the nedian
di stri bution.

5. The dFfof claim 34 wherein the
threshold is equal to & 20{npl{iple of the
interquartile range past a thirtd quartile range of the

whetd ﬁf(ﬂﬂﬁ?ﬁésélﬁ di&gRns 0 an Tbwaniduentcyokblel wheneIorepresents a
wherein the uniformy scaled score is a é? 00@_ 2
probabilitn dewssity | forgdaprach o8 Sked aan.dalf . i flegiiogyp! O grpld-= X -

T eSOl A e R T o SR g

Exaglenotes the 25 interquartile range for the -log P
score; and P-MJLT represents a constant. 37. The
Statisictlddetdpde| ai m 36 wherein P-MULT has a default val ue

of 2. 3§ Tﬁgﬁegﬂsi%‘fgla‘ﬁ{l 4 &hPeiXRe PRHRL Brd difoulated using

uni formy scale core is a V threshold determ ned
estimyted Mdb sttipi@b entioda. constant. ; (} 39. The nethod of

claim 39 wherein V- T has a defaul t. | ue .
30, The 4ot omedodal sl Bovienr el drgist Hadstical
N RoRERRH0 sERPHRG: SCLliSsibansat er than
metﬁilﬁc; Iegls g%dd(g Uetermned in the threshol d deterni nin
process 46. Dh28RtodbTshem 43, the expected frequency table is ormal.
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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PCT /US 2002/ 030656 based upon shared, conmon
positions, and then determ nes a pinnacle for each

wo 2085ipyof scores. 41. The nethod of claim JFqq,M86:%15036

t he standardi zati on process converts nonuniformy
scal ed scores into unifornmy scaled P scores.
42. The nethod of claim4l, wherein the P scores are

cal cul at ed AlsiniiaitRfbaal ineMsd 16 pbetend inghdolkculpaabeni .
_ dinmensions of an actual frequency table; where P
mterpplecslantnéeractiops eyapitiigy density for degrees of

freedom DFE a. f ] : ixferr]
43. The rret(ﬂo(ajs%l?l n&%%n% 18{7\?1@;“3 [ n%tﬁﬁrécg agféor es are
cal cul at ed (#)siubieetiad thex@ebmiGbbolyinee adquidendisto st

. The method of claim43, NN herein the P scores arrﬁ
aligagicat pracesq wheresysaid §rst pHgwpent paeqessrradicss 24P StkPhods.

qgrt .of claim44 wherein the esti mat ed- exact
Seq@%ﬁ?i—%?ﬁ]ca Iag%ét hod is based on a nonte carlo

si mul at i on (@fsubjectinst the Bustisoof séuenFhalignmdnd datefio al ai m

3, the expected frequency table.i rmal,. 47, The
coTR R HOHAIGT AN FRoASS WFOR S8 SRR U G REP
proaﬁc%gHEQQHdiEﬁﬁE%ohﬁbl@@@io%ﬁltiohé 4S. The method of claim

30 € threshol d determ ning b[?r ocess

, whereint €
perfor ned &b préfgingfa set eitasiusd freqogicy Gableprsingdbp dafaof

cl al g} Sg . Wherein the threshold determnining process
i s 'Beff Péred on V scores. 50. The nethod of claim 40,

pos¥BRY RbdLidoas RhdMBeki-fasgRatabli@inddatgach  group of
scores is chosen first according to highest P, then

| onest DF, (@subieeisie the sefiqfisedal yequeocxiebles tof 60 eAFOqesS
toogt aPC‘I;/e C%23%)1%4,030656 51. A conputational nethod for
P €t S ng i ntranol ecul ar and internol ecul ar
i nteracti oy smbjEptingiheget of scores to a screening process to produce a

first set of association information, wherein said association information predicts
intramolecular and/or intermolecular biopolymer interaciions;

(g) subjecting the actual frequency tables corresponding to the first
set of association information, to a misalignment process wherein said misalignment
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 io
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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(a) obtaining genom c/ bi opbl ymer sequence data; (Db)
subj ecting the genom c/ bi opol yner sequence data to a

wo 2b0difosisge @l i gnment process wherein said fi rstr bQW/H}O(wﬁ
gn

process produces a first set of sequence a

data: (c) subjecting the first set of sequence

alignment data to a conbinatorial matching process

wherein sahQ. ORI z{ﬂnaél %ﬂ@f@%ﬂﬂé%@ﬁ%ﬁﬁt pRIcBSUGRBer

data i ndicating oss‘b € assocl at I ons; preparing a
comfiseef act ual frequency tabl es using the data

i ndi cating possible associatio nd the s of 1
sequence al i ghent 8dgiating 3(12)1{ 5‘%@1 @EF? cf'}?ghg%‘fel%y table;
actual fr equeggy t@é%ég%%zh% &11§§rpéau?9\maereemsl MISALIGNED
obtain set of Scores subj ecting the set of
catSgoy &5 atGﬁ@szategem wberpnm@ls)ftau AR @@iﬂ:léavang 11} phsplgeyalue

of associ at | \he n atl on
Oflief’?f‘gm mg%l"l‘tﬁfiéfb{ fa Q’Q "p dll ‘{”é,sFaF /r%a%ﬂh

MISRL@@}N‘Eb%wfg@f Qidomémwceumfeﬁ@gttaemlav{r@ arSARp RS Vabge
t he actual frequency tables corresponding to the f| rst

of grettenthams dueibatd vriug off SRABIRESH istcgtegomgasanthmEEd
r 0CEess wherein said msalignment ?!_> process
uces m sal i gned sequence information; (ii) using
the m sal i gnediipequsng thei ceflonmht MISATAGNED cgegory to
sequences to produce a second set of sequence
ldeaﬂlng?ﬁ’ﬁfémoné%én@%H%‘leéé%ﬂ“ﬁ’@c‘ishe first set of sequence

al i gnment  dat gy u%ilﬁe defPRAhS @)é]ﬁ%&t%g&%)totlﬁl{r@ﬂfﬁh

(f) in corrblntlon stituting the 7?5 Second set™ of
suggesieenleenaivie ghgmnbntsl &trahé mlsamlgeecf sege¢ncsgtandf se q uence

al i gnment dat rQduce a sec set. of..asso t| 0
i nf or mati on, er eP 1ag g“esg&%ﬁ@a?g@méw%@w (S’rP rocuee
the s@&ﬁ‘fd déﬁ@e P&k s 1 ntranol ecul ar and internol ecul ar
bi opol y i nteractions. The nmethod of clajm51

wher ei n 54 e nighod bf daigrh53,iWhesgie cachlement AR ntropgzad
004/ Q27540
COI%%”?‘/’ % M @Gé%ge%eéate‘gﬁsén%e ¥ egggoqp cl alc:)nn.grlI S\iiswer ein

the m salignnment pr ocesg fuyrther venerating an AR

table for eachimct able:, (ii)
cat egori zi ng cel’l s jip(leaph)BR p4;2bl e | n a. M SALI GNED

where ps = nu/i; pyy = ny/n; 1= sum of all cell counts; #;4+ = total of cells in row i;

catl

ns; = total of cells in column j; ry = value of the cell in row and column j; and

.. 1l

Uy ~ ﬁij T
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

each 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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category or a GOOD category wherein a cell of an AR
tabl e having an absolute value | +t al to ' threshold
WO 20§ Ph148,0ARTHRESH i's categorized in the M SALI(Ne

category and wherein a cell of an AR table havﬁ%zgozé??uw’

absol ute value of greater than a threshold val ue of

ARTHRESH i s categorized in the GOOD category; 10
con{ﬂgh{e)s aHRLAY § Q&ﬁ@@b{nﬁb&nm@ AN 2éld tANEMVIS A IGNETS O

I denti y cor espon I ng msa |gned sequences, using the
categetyl s in the GOOD category to identify suggested

alternat'v al i | i d

o (v 35 T e e wie B Tap o, BF MR
to produgea chanpulfichSCRBtlod RFYRARE R inGamBRulabdnd The
met hod of claim53, wherein each element .AR ; in row

inteimelnehlarcol um 1 of an AR table is generat ed uSi ng the

17
vior g oo sl TPt i BFD o

ecounts; In row
i; n+ total (Df cedehsrating E@lAR'mable foetdtsal freqabnwy tafled bita
cell inrowi and colum j; and [err] IIi ,, 11 55,

firstRg@ueree ABENBTILC) ai m 53, wherei n ARTHRESH has a def aul t

val ue of 1. # 55 %@hegﬁﬂ g%%\l&qg e%h ArALe ind, MW@P‘TED

three cells I ng val ues 1 n each.
catckalyl er ﬁGé)(ﬁat:slggdmymlﬂbrem atcaB om‘abbgmvm@mdahsohtﬁ wiue

nol ecul ar i nteracti ns th in nature.a
of 1458 #1205 3§12 49 ngs-ﬁw Fjue ﬁ%ﬁm F%Cat%?m?‘ﬁgl {li‘@t hod
fi I
N o R S D A b Al s St e
of gomatet thapuet thecshold vehetofAARPEB ESHed cataghized IRERFAGOL el | s

to the M SALI GNED category. internolecular 58. The
calegii¥hod of claim 57, where a default value for REPEAT

is 2. 59. A@Hmp Hlsﬁ{g 08 8L1lSTR RIS ALIGNED &téddgy to
i ntranol ecul ar "and
identify corresponding misaligned sequences,
(iv)  using the cells in the GOOD category to identify
suggested alternative alignments for the misaligned sequences, and
(V) 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 of a
first sequence alignment;
(i)  categorizing the cells in each AR tableina
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,
(ili)  wusing the cells in the MISALIGNED category to

identify corresponding misaligned sequences;

82



10

15

20

25

30

bi opol yner interactions conprising a m salignnment
process which conprises: (i) generating an AR table

Wozo{ﬁfbﬁﬁq@t ual frequency tables of a first sefueRSRI02/030656
al i '

gnnment; (ii) categorizing cells in each AR table in
a MSALIGNED 10 category or a GOOD category wherein a
cell. of an AR table having an absolute value of |ess
than or equal(i®)o asingrtestebdn thel GRORREMRBEH identify

categorized in the SALI GNED cat egory and wherein a
Sug S8R JBrTAR CARREIIG A PE I TSR e of
greater than gt hru?ﬁi%fﬁ%@hé’ﬁgﬁ@st&f alREIRE gt ents to produce

categorized in the cat’égory; 15 using the cells
a setondisbquekc SAligr@NED cat egory- to identify correspondi ng

m sal i gned, sequence usi ng_,t C '
cat egorgﬁt‘ésﬁﬂl PR g‘%ﬂ’é@%f@gefgf &@ﬁ&gé&% ghient s
combAkinkhe m saligned sequences, and (v) utilizing the

suggested alternative alignnents to produce 20 a
second seq(® mbtaipinggapencbigplymerseqirdse 821 i gnnent
met hod conprising..a msali 1€ By t
corpri ses: s i Mo bR bl B LRSS 1o LHE Miznmyen

prodceéﬁﬂlcﬂ&e_ﬁ]ys_aidaﬁ)ﬂsﬁﬁligiﬁne@t piocéss praegeren st sdtiofwemprence (i)
_categorizing the cells in each ARtable in a
alighmgRIde@NED cat egory or a GOOD category wherein a cel |l .

olan AR ta | fhit d88% 4 han
or equal t@)gulgﬁér%%ﬁg? g&\t/%?%ggA %ﬁ%ﬂé is categorized
combfatdial Mafohin GBERss atberpin saidoeniineiosgrlhmaichwglproesss an
AR tabl e _havi ng_ an abspl ute value aqf -eater an a
produRes R oA GbiR Uarraeaivons T biorolrs b Rre i he
GOOD cat egg{) y]jreﬂéir%g%lt Lfiaf Ly RentPtabiefoVb bl fENED
y

category to“identi corresponding m sal i gned
combamtienceposBRond hedird/Izpat Gupinagons pf POSEIPBP/ 0- W65t ;

Suggest ed o PURRTE I AbERFbib b SRRispbocess o
obt3€HY&E8ssrednd (v) utilizing the suggested alternative
alignments Lo E'r o e s osfe C(?rgsfj tosaes%geeegfne argce%g ito' Produce
t. (f) subjecting the set of sc gp P
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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61. A sequence alignnment nethod for aligning

bi opol yner sequences conprising: (a) obtaining
genomi c/ bi opol ymer sequence data; (b) subjecting the
genom c/ bi opol yner 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 sequence alignnent data to a

combi natori al nat cHiEAGFYEok'eds ¥ wher ei n. sai d
Co@QEPJEO ial matching process produces a first |ist

<11m>§22§&ﬁ&9’ “palions of positions in biopolymer sequence
py1atzana (Aripreparing an actual frequency table for each

of the 15 conbinations of positions in the first |ist

<120> A CERPEARHINARHEGHED ER;g & %'T - ( i&eting each
INTW“@A%?HQBEWP98H3W¥§§ 4 ﬁeg géa gédﬁ%ﬁ§¥§$§%issgto obt ai n
a set of scores; (f) subjecting the set of scores to a
<130> A33SEI-@eniqrgopr.ocess to produce a second |ist of
conmbi nati ons of positions, wherein the second |ist of
<140> ”“é&ﬁﬁV Htons of 20 positions consists combinations of
<14l 200p65|t2|ons that are highly ordered. (g) subjecting each
<160> 1zsactual frequency table prepared for each of the
conbi nations of positions in the second |ist of
<170> Fas¢ it ARt BAEpHEItPbAs t o a nisalignnent process
<2105 1 wherein said m salignnment process produces a |ist of
<711> 35 m saligned sequence information, and wherein said |ist
<212> pnpof mi salignment information 25 is an indicator of
<213> Sacghpyprmestt ceirat-F13%;, and (h) using the msaligned
mgs  S€quence infornmation to realign sequences to produce
223> seddeh&f LHEL:SEAUBNGE @dagRMEBE .2i6ganmdhe method of claim
61. wherein steps (c) through (g) are repeated in
<400> 1 conbination at |east. once. 30 83 SEQUENCE LI STENG
gageegtatp] gERtPRFRY. BIPFT359 S Fhnkowsky, Eckhard Pyl e, Anna
<p10> 2 Marie <120> A conputational nmethod for predicting
<211> 35 i ntranol ecul ar and internol ecul ar bi opol yner
<212> DNA nteracti ons Sequence corresponding to domain 5 of
<213> UnlgPSyanma. gagccgtat g cgat gaaagt cgcacgtacg gttct it
211. =
<220> !

<223> Sequence identified through homology searchluging.domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 2 35
gagccacatg cagggaaact tgcacgtgtg gttct

<210> 3

<211> 35
<212> DNA
<213> Unknown

<220> ' e o ais N
<223> Sequence identified through homology search‘u§1ng.domaln of aibgamm
and parameters set forth in Figure 1 and the specification.

<400> 3 a5
gagctttttg cggggaaact tgcaagtcaa gtttg

<210> 4

<211> 35
<212> DNA
<213> Unknown



" 12 = DNA <213> unknown Sequence identified through
honol ogy search using donmain 5 of ai 5ganma and
paraneters set forth in figure 1 and the
specification. ate Car-arJgaaact tf-jcaegtCl

Slttet 11.> Unknown Sequence identified through
honol ogy search using donmain 5 of ai 5ganma and
paraneters set forth in Figure 1 and the specificatin.

<220>

<223> Seéué)cg %%p%dqthgg‘@gb( L&rttolotﬁﬁggm%euél(;tgnc;olmg_{#q &p Q%ﬂla

and parzROMRLOGY s&ahCh wsyirg dommivheSski aiagasnma and
paraneters set forth in Figure 1 and the

<400> 4 speci ficati on. <400> 4 ga CLLLLL.r ci .3rggaa, 5LL

gagettttfy CHeAerca eIy 7109 1 211> 35 212 > DNA® 1

<210> 5 Sequence identified through honol ogy search using

<211> 35domain 5 of ai 5gamma and paraneters set forth in

<212> DNEjgure 1_ and the specification. Sequence identified

<213> Ungpgugh honol ogy search using domain 5 of ai 5ganma and

<zo»> Pparameters set forth in Figure 1 and the

<223> se§pGekfiCatinbya @ageht 1oty aaQ-aCSs igh BiongiRlor a2dgdmma
and paraDNAr<2E3>f ddnk niownio220> as@ 23> Sequeineeidndent i fi ed

400> 5 t hrough honol ogy search using domain 5 of ai 5gamma
gagcttttty cggggaaact tgcaagtcaa gtttg 35

<210> 6

<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma

and parameters set forth in Figure 1 and the specification.

<400> 6
gagctttttg cggggaaact tgcaagtaca gtttg 35

<210> 7

<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 7
gagctttttg cggggaaact tgcaagtaaa gtttg 35

<210> 8

<211> 35
<212> DNA
<213>» Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibSgamma
and parameters set forth in Figure 1 and the specification.

<400> 8
gagctttttyg cggggaaact tgcaagtaca gtttg 35

<210> 9
<211> 35
<21Z> DNA



and paraneters set forth in Figure 1 and the
specification. cagctttttci agg' ggauact egcoogea.c.. ,g
Sequence identified through honol ogy search using
domain 5 of ai 5gama and paraneters set forth in
Figure 1 and the specification. 400> gagctetrt _;
.-"agr]gawaut tgaa..igr.ar gtttg 25 Unknown Sequence
<213> Unkndent i fi ed t hrough honol ogy search using domain 5 of
o> @i bgamma and parameters set forth in Figure 1 and the
<223> Se Ql@&:’ E.B&ﬁtlk% tﬁ%@%};&omgﬁﬂycﬁﬁrg uginﬁgt g@”;gﬁaap_%f!-angamma
and parameCbraug6aiforfh Ghlitg 1 dnkamwapSagtenadeni denti fi ed
t hrough honol ogy search using donmain 5 of ai 5gamma
<100> 9 and parameters set forth in Figure 1 and the .
929¢Cgt g tgLARGIPRAGE] DI CLAG09"16% J- - gccgt 3t: 7 at rggaaanc
<210> 10ttcci _C] 11 Sequence identified through honol ogy
<211> 35 search using domain 5 of ai 5ganma  Unknown and
<212> DNEpgraneters set forth in Figure 1 and the
<213> Unkag@tifi cati on. <400> g<g ogttq atccrr.a.aa' - tt' <210>
<20 12 <211> 35 12 : D 2110 Unknown Sequence identified
<223> Sedubk@U@lerhonidogyrcsgamehlo sk NGadambmgbdofaiai Hganiaganna
and paramghekspasarfeter $ns8pufoit dnd Ahdisgerieidatapel t he
<4005 10 specification. 0C ;1 gacicogtatci cgaggaaact tq ocgL

gagccgtgtg»g{JQEgJH%@[Etcccgcacg gttcyg 35

<210> 11
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 1%
gagccgtgty atgggaaacc theccecgeacg gttcg 35

<210> 12
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma

and parameters set forth in Figure ! and the specification.

<400> 12
gagcegltaty cgaggaaact tgecacgtgceg gttcet 35

<210> 13

<211> 35

<212> DNA
<213>» Unknown

220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 13
gagecgtaty cgaggaaact tgcacgtgcecg gttot 35

<210> 14
<211> 35



Sequence identified through honol ogy search using
domain 5 of aiS5gamma forth in Figure 1 and the
speci fication. DNA Unkown "'J C, <220> <223>
Sequence identified through honol ogy search using
domain 5 of ai 5gamma and paraneters set forth in
Figure 1 and the specification. gaqc-qt atg ca
:ggz DNAggaaaao .t tire .; ¢ .211.. 35 Unknown If c:~t
uence identified through honol ogy search using
<220> domain 5 of ai5gamma 5g.arnrrl _, and paraneters set
<223> Seqfi@ick hident Higdrigirduganbortoheg s pesichi ¢ah ofvmath &get gt >inga
and parangligirggeed £40k incPiqure 1 afd SheDNECXEZEBornkown Sequence
400> 14 identified through honol ogy search using domain 5 of
gzucgg@({gqgct and,pa 1ens set forth in Figure Lizand the
gfagccqtatspec cation. <§l%g§ 10 11 tate cggg;; i ; .212. PUT
<210> 15 tin known g i.-. t. Sequence identified through
2215; gfmhom)l ogy search using donmain 5 of ai 5gamma and
<213- vnxb@faneters set forth in Figure 1 and the
speci fication.

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 15
gagccgtatg cgaggaaact tgcacgtgceg gttcet 35

<210> 16
<Z211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 16
gagcecgtatg cggggaaact tgcacgtgeg gttcet 35

<210> 17
<211> 36
<Z212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set feorth in Figure 1 and the specification.

<220>

<400> 17

agagccgtatg cgaaggazac thgeacghge ggttet 36
<210> 18

<211> 35

<212> DNA

<213> Unknown
<220>

<223> Sequence identified through homclegy search using domain 5 of aibgamma
and parameters set forth in Pigure 1 and the specificaticn.

<400> 18
gagccgtatg cgaggaaact tgcacgtgcg gttcet 35



identified through honmol ogy search using domain 5 of
ai 5gamma set forth in Figure 1 and the
specification. _ai-1; cgtat> ecrar_'q_:,3a'._t
tg_.acgt gttct n NN 19 211> 3.i 212> DVA 213>
Unknown <220> : 2735 Sequence identified through
honol ogy search using domain 5 of ai5game and
parameters set forth in Figure 1 and the

zgﬁi %g speci fication. 40C > agccgl atg cgaggaaact | _qc.

5175 DNA cgtgcc uttul_ 10 11:> 17:> DNA Unknown SeqUence

<213> Unknokgl€Ntified through honol ogy search using domain 5 of
al bganma and paraneters- for h in Figure | and rho

<220> speci fication. MO 20 [ - .
<223> Sequeﬁﬁé@?t%f@?filgtl;t%lgh }@Pﬁﬁfgcg%rcc%gnggégmalﬁlc%% albgamma
i ed. AT T

and parametFﬁeEfe '[rtl.l'i) |t¥]? ie l} _i; at ~in:?10_ g, search

<400> 19 }i =nq di:!'r"iaG at ait(aKai and paraneters’sét forth

gagecgtatg biadghguretdeagndicohettspec- 1L carlc-r,. 0j rr, 38-iinll 5
<2105 20 of.a|590r|-na en~,nn~.:c. ideril:.i.tied through

c511s 35 }|.~rI!.,If_ search '">srl-Lg d and aranetei _s ser

c210- pya foOrth in figure 1 and the ;>pccificction. t cc. :_q

«913> Unknown..C C 11 1 t_ -

<220>
<223> Sequence identified rhrough homology search using domain 5 cof ailbgamma
and parameters set forth in Figure 1 and the specification.

<400> 20
gagccgtatg cgaggaaact tgcacgtgcg gttct 35

<210> 21
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of ai5gamma

and parameters set forth in Figure 1 and the specification.

<400> 21
gagcogtgtg atgggaaacce tcccegeacyg gtteg 35

<210> 22
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamua
and parameters set forth in Figure 1 and the specification.

<A400> 22
gagccgtgtg atgggaaacce tcccocgeoacy gttcg 35

<210> 23
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homclegy search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 23



Cg 220 Sequence ideril_ i _tied !l . _ 1 - rcuh
hOrcl c97 5 nrcn.us i ng _cr:i,n al WN and p

i caccetei5 not forth in Figure 1 an.i the sooci:i >
.1>i. DNAagt t vse.. |- 1.:3] namain 5 of
aibga:[L'"Ca rlti rl,::" identified thLo i-'cal-;
horr.c:lugr i_ and r.a aneLer _;et fc i-tl, ir. P_qu c
gagcegtglly angdodehecsperichicacg~atteg' . c-n. cagc. _gtqtc "i 2f0' > 25
2105 2 '211:> 35 <212 i AlA 40|i> "11g,_c Un }:nonrn "arch
ea11s geusirii_i foI" . t"rian 01 3i-i: al[l'rl r.I notors set
<2i2> pnh O, _ Lh i r: Fi euro 1 and t} _e sFie': car LLCy
<213> unkdwwaugh; i;c_u,'.' _% oqy 7 at'ggg_T>"-laaa' _:L

at cac .tacos CIA 21 : Jn{nc~|r| %2, encl.

<220>

<223> uence 1dentf% eélqkrou %O%é%o?%g sé rch éylh$ d&&&f& L’of ;gﬁgaima

and paraﬂe éh&‘%saf ur€- ]_aﬁd({ 3 Etdilcat fbnkigure 1 a:
n-_ spCC|t|caL|or| <.: > 1" | 7tg nc ci

<400> 24.'10- 27 X77> ~., 2 11/ r.l'I 4

gagccgtgtg atgggaaacc tccccgeacg gttcg 35

<210> 25

<211> 35

<212> DNA

<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 25
gagcegtatg atgggaaact atcacgtacg gtteg 35

<210> 26
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 26
tgagcgeatg cggggagace cgcacgtacg gttt 35

<210> 27
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homolegy search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<4Q0> 27
gagecegtatg aagggaaact ctcacgtaca gtttg 35

<210> 28
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Seguence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.



> Il _}:"i 2 MIl. 13 -ierv:'e 1 den'i ri:e C
thl,,,uglr arch isinC:71 ai CTd:n;ita and paraneters

. C A1 in Fiqure 1 aril -11 c:i f.ic,ation.
DI JA~ UnOno,, Ti ;1 r;qge ., arch using Jr-lli a nmo
d} ,.ranet 1t_C: L:, inFiqul3l:: i | 4n0 >0

(-@Cl?tgas.’?l ( ~r:a atttcci7a-ii rIr tc_CIL]
<400> 28 §| identified thro gb fl rlloiog,,' s at ] 11; 51
92gcCototp YPPICCEE FIGETHTAY %htF paraneters set. forth ih
t

<s10> 29 Figure 1 and spoci riCat i( 400> 2!? |~ ~r: .ng

<211> 35 a=3"T T3; , | _igrttr cttc'-3 210:- -<I 12, [

<212> pNA213:"' Unkn! ', vfi e'! T 1.1 ESIC.". 1(.1 ,e i- |

<213> Unkpewn ~ t7. j-: ci through 'caa:h us 1P(.J d il sin ~ ~
ciibgall:nms and par.an..-;tors set forl_}I in Fi gt_rc

<220>
<223> Seqlerl-r:e' 1 @R FieTl thr@@&n hoﬂtﬂ@gy_ sehrcrigagiGQddmain BNcf <2 1@rma

and parambkﬁﬁﬁom lf5].*ﬂhl in @igute € anlti thet beghifidation.j ugh

100> 29 1| r| , 11 0. cu season us rio domain 5 of a:i-5gnsiina
Ler = -t-i in Figure = dry: s

gagCCtagtE ? }Jgagsc£ ik Q tt%ﬁttcg gl ace at.gggaaact atcacgt.3 :]

<210> 30 attta ~ecj ~. NC,c.e; ricnr..i.fied through t_

<211> 35 j'n~_il '~gl i _atch using; d: _i:nai r. of 21 C  211:

<212> DNA3 = <<12> DND<

<213> Unknown

<220>
<223> Sequence identified through homoclogy search using domain % of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 30
gagccgtatg cgaggagact tgcacgtacg gttcg 35

<210> 31
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 31
aagccgtatg atgggaaact atcacgtacg gtttg 35

<210> 32
<211> 35
<212> DNA
<213> Unknown

<z20>
<223> Sequence identified through homology search u51ng domain 5 of aiSgamma

ir 'dgure 1 A ke
and pﬂ?‘ﬁmcﬂ'crs sct forth in E'“,,urc 1 and the ahquJ..i..LL_,at_.iuu

<400> 32
gagcecgtaty cggtgaaagt cgcacgtacg gtteg 35

<210> 33
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.



Tl i, haoniw 71:-a nc', | _ra set fc:rLi: ri Fi gore 1

an_i she _es] f.ication. gql _ 1 r.ci<| IIl... 1 11t

,rcd,-fh h:; b ~~sin~; 3.ilrl i amta <900

i _(ag000tat~ { JJ(_)! ctdaagt c_-cg5.acq gttcO Di]ti

: 213> Unknown 35 2 20 2 2 S~_: JGence e..[1" _ ed

t.hri;ugh honology aoar Ch I irl CJ d omain 5 of

angaIIIrI . and pararrmtels torChinig _Ir:e i
<400> 33y _SPeci JIrt <11JU 34 {a
gagecgtaig ngtgaf’rq Cgcagg%acg_%aaaa tc J' ti(: 1.)t_c7:c9-.tot
<310> 3421. 0:- 35 <:211> 35 212:. DN?, ?1:. Unknown c u_nce
<211> 351 deti Lfcl ::1 1 _}orr;u: {1 Ji:;rr:: 1: gy s :~rr_}t ng
<212> DNE1 c:rr:ain cad par ,dn::-:7.r.-a set forth in Vi:Jure
<213> Unkpowhpei 1t gp cifi caticr . <10'C 2ac ccrs: 050 i
<220> A@act atcacgtac:J gttcq 211 :212> DNA <21 3> I T, -. known
<223> SedifeAce ddent@@OQT thre®gh homoldgly sdarth jusath detriguglrt aiSgamma
and paratptRys :sek ciprsie iyl Fighie i1, prd thqEreeiid caliinn5 of
<200> 34° %ig;rgna rameters il; SoEt[ in /lfi”gli_rc- 1 and the

e JRCIo N Et 2 Jnkii:wn eri> par ne.
gagccgta% sgac% fg%'t% g_a@@ ?1\tl' icr_|.r gad the 40C 3

<210> 35 gagocgt at g
<211> 35

<212> DNA

<213> Unknown

<220>
<223> Sequence identified through homolegy search using deomain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 35
gagecegtatg atatgaaagt atcacgtacyg gtteg 35

<210> 36
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using deomain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 36
gagcogtatg atatgaaagt atcacgtacyg gtteg 35

<210> 37
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Saquence identifi
and parameters set for

: £ I
gy search “c1nﬂ domaln 5 ¢f aik

seallCil USLd

o i
sy 11)
H'
jai
T
—
Q0

<400> 37
gagccgtaty cagggaaact tgcacgtacg gttcg 35

<210> 38
<211> 35
<212> DNA
<213> Unknown

220>
<223> Sequence identified through homology search using domain 5 of aibgamma



13.> M,Il: c,:rn 11 IiCCidentified L}irljl_I :.; hu
S ni"TQl ~rrcaiti _, i_;r :i7. ., ~{7rr L'~1a and
noaraneters net forth in Fiore 1 and Lhe
specification. 000 ' 38 g,igcr:gtatr, cggt.ga.a <210>
39 .211- 36 <212> DNA ?13:> Unknown gt
tgcacgt.a:,.q gttcq 520 23e ;:effluence iuerlLiiiei]
and paranefesy splylfPrHoad| GGy 505 §8% 'specidiritdiPfi 5 of r . L> J
<s00> 33 Ly U. 1 and paraneters set forth in Figure 1 and Lhe
gamxgta%pg&ﬁ fiLRCIPAgQRGCHRILEQt a att, acgaaag tatcccgiac uglL
105 40 211> 35 12> DNA 213> Unknown G 0223>
<210> 39 Sequence lderltl fled through honol ogy search using

<211> 36 dopmin of : 1.5garr:rr:a and parameters set forth in

jﬁgi Sﬂh&yra 1 and the specification. ONj > 40 oagccgtatt

custgaaagt :cltatcltaccr <210> .11 11; <2125 DNA 213
<220> Unknown - ;uer,-::e identified through hnr.-~-1oUy

<223> Sequepge-LfenidFing HenvHin MBreiosd| Sep e mae Jald" paramprery
and pazramehers §rt (FOF T AP dIFE® antlhhe® SPECiTf FtafTon. <40' s> 41
<400> 39, a;rccgtatt cgatgnaogt cgtatgtacq .gcttg .'1U 42
gagccgtatd2dttacdadag tatccegtac ggtteg 36

<210> 40
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 40
aagccgltatt cgatgaaagt cgtatgtacg gettg 35

<210> 41
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specificatiocn.

<400> 41
aagccgtatt cgatgaaagt cgtatgtacg gcttg 35

<210> 42
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Bequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 42
aagccgtatt cgatgaaagt cgtatgtacg gcttg 35

<Z210> 43
<211> 35
<212> DNA
<213> Unknown

<220>



212= DN A <213> Ur:knowi lueric.e iden[.;i t ed
| h.r:-:uql; iiorRclogy .card; using domain 3 of
ai bganuna and paraneters set forth in S iqure 1 and
the specification. <:: 4U| .?> 4 ?10: 1.1> 12-> DNA
213> Unknown -T egacnc |.(3ent.ifi -Cl ~. ~i2i ugh
hori ul cgy search using C| rriialn ': of ai'gal is id
<223> Seppgrgn: dlengifg ed dthrp@h, Bpnoogin s&a@hrlpsmaeﬂ@pen 5 of aiSgamma
and parageterp| setaferih i GosTra! FAYdLGt HEC Bgt t° gaaaat
<400> 43Cagatc7ta’'c.r_7 Gt LI_i_J :21.0: 44 211> 35 21'_.
aageogtabNAG2A@2a ML vhkidg@edd gttty :s , ti~;i nr dc;rn. _i3sn i
of .ai~"7alrana $er- uefice identified through h
<210> 44nornol ¢, 3r 'y _ealrcp r anti paranr,tcrs cot forth in

S22 Ppictsrc 1. and the specifioa <40i _1> 44 ar:t'.t.t.tq

<213> unk@6Jq J, yayi' l.. ;" a'=af Ca3rltttrl J'1 12.>
DI\/A Unknovvn '3> Sequence id:=r!tifi ecl through
<220> 'C: S and paraneters set firth in Fig-are 1 and

<223> SeF?%?CiC}q&n ngﬁgr%%;%0?3?oé§ﬁﬁh %ﬁﬁCErUSlﬁg qogéiq:Sqog angamma

and param?ters SetZﬁth e speclficatio

<400> 44
gagctttttg cggggaaact tgcaagtcaa gtttg 35

<210> 45
<211> 35
<212> DNA
<213> Unknown

<220>
<223>» Sequence identified through homolegy search using domain 5 of aiSgamma

and parameters set forth in Figure 1 and the specificaticn.

<400> 45
gagccgtgtg atgggtgact atccagcacg gtteg 35

<210> 46
<211> 36
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma

and parameters set forth in Figure 1 and the specification.

<400> 46
gagcgcagta caacggagag ttgtatgetg cgttceg 36

<210> 47
<211> 36
<212> DNA
<213> Unknown

<220>
<223> Seguence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 47
gagcgcagta caacggggag tigtatgetg cgttcg 36

<210> 48
<211> 36
<212> DNA
<213> Unknown



<2.1 =i>1 |.niknc ,;:ri qlrenr e Irienl _i.f _ied

Ih.[o O0i J( rrr_Ir, _a ,' 5Ccr: i u.;i ng
drirn.:,.in of .-3 igo rcitar arli Le-S set forth in
Picture 1 and t* e ificai _ir.ifl. ..L10.> <-:2 11 >
<'212> DNA :213> Ur_knowi e.-n_ierce id ontitied thro
ian orrc:locr'/ search I-|S|nq dcniair:
:gggi Se--ll- almlae ararncrkl}ro . C; TtI in mgofagl i
and param eﬁii) se@ ?‘;F‘thzl%ﬁ i;‘gg% @aggg%ﬁ%%ﬁgé ﬁé@%ﬁgl\j\;_! J:g g

<200> 48.Clii nt|f| ec thro gl-i honDlo. e.-:1L -1 1 ; ’\117' "(
gagcgeagta cdhcdgkmrd tiitapartanedtars f.;-)rth in Figure a3fand
tf1C SreCfl 1rat 1.011. 1f' 48 g;igcq(-agta

2197 Jocaacggaaag otgt.atgc <210:> 4 9 <211 - _h 212- L''IA

<12> pna 21 . Un' 4ncarn Sequence 1lde: 1t.i f.1d -} through

<213> Un]hﬂb'wblo L ;gy search usin, _j (1!'."rrl :711= of a .9 mm
2205 i ) =lrr7rllitors set for U jr) Figuro 1 and thu
<223> Se\fe%cél f(J:.)EQd tl’xrquggthc%o Cge‘.;atrglglusjing 'dE)Iﬁe{il_nl gjcyf7£i5fgla§rga
and para fc-rth aq rigus€al & 8k NGetbididdidnC_; L ai
rgnrRrra and pararreters eel: fn-th in Fi-aure 1 the

<400> 49spocificati<,n. gau a_:aula cq,;t~_{ aaaat
gagcgcag%qua@Fggpgaq tthﬁEgctg cgftcg 36
<210> 50

<211> 35

<212> DNA

<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 50
gagcacagta cgatgaaagt tgtaagctgt gttceg 35

<210> 51
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through hemology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 51
gagcacagta cgatgaaagt tgtaagctgt gttcg 35

<210> 52
<211> 35
<212> DNA
<213> MNnknoum

<220>
<223> Sequence identified through homolegy search using domain 5 of aidgamma
and parameters set forth in Figure 1 and the specification.

<400> 52
gagcacagta cgatgaaagt tgtaagctgt gtttg 35

<210> 53
<211> 35
<212> DNA
<213>» Unknown



.. 1 3> ;ri}Cnr)wi 1l encu ldentified Lh c),jgh
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gagettttyg Fﬂ%ﬂgéaictaﬁ@icataﬁéa%p@“cttﬁl ic.a=icn. O 0. gag:=t¥fttta
<10s 54€0 T"1 Ja, a_:'_ Lg_,-.,atnca :_[tttc 10> ,.:11: DNA
<211 251111} _n curl ! .ueliilt' . 1.c Feat.: t1~::d through

<212> pndhonol ogy sea rc:h risi ng domain 5 cf a].5g.irr:ma
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<210> ssforth in Figure 1 5110 '[he spec 1. t1 caltion> 1,;
<211> 35Qgccrtatq cagtaaaaat tgcaagtai _g gl _t.t:.g

<212> DNA
<213> Unknown

220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 55
aagctgtgtg caatgaaaaa tgcaagracg gtttg 35

<210> 5¢é
<211> 35
<212> DNA
<Z13> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 56
aagccgtatg cagtaaaaat tgcaagtacg gtttg 35

<210> 57
<z211> 35
<212> DNAR
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibSgamma
and parameters set forth in Figure 1 and the specification.

<400> 57
gagccaaatg aatcgaaaga ttcatgtttg gttceg 35

«210> 58
<211> 35
<212> DNA



ri,la ii,:: .12 r: _C c: : ild:]11 1 ~~ =yl {

]. Hr;:1tl-1<c . .:t t hr O.'<Ch hUil G lc_ig,,%:;
eal. n}:arainei _cr; : ei: lc;r }1i11 ligure = and

the spo_,i.fi g.=1:i la. tt.c.argttt"1 gttr_ gu' encc

identified through }unol ogy search using dcrivo .i n

5 cibL;la 11T[I1.21 arlc_1 paraneters forth in Figure 1
<213> Unlgepel t he rspecitication. d C 0 > caq: _caaatg qtt
<00 Quence derrcifi="i_} L_}-~, f'Jl.ir}}l }li rl,i-ilog ~
223> sedb&fe bhesrrH M TnAQERIHINOLOfy &daSEh WRifdIGbEsinT5 of: aiSgamma
and paran@Bbed eSeborfiornibhrionre iir end toe bpeeifigK8 ibh: aoat q

100> 58.iattgaaaaa ttcacqtt Lr equenc'e identifi~_"d through
ea-ch using domain of ai. ,garrar~ar ,_ni er:3;s<_-,

gagecadaty A IR R Gure’ T And LV e rsf,ec: f i :anon.

<210> 59 gagccaaatc: aatcgaaaca ttcatgttt!-i O.; _cg e ql

<211> 35 |li=! identiliec} through hoir.U!:i i_| : 2a r.<h

‘3%%; DNAyysing domain 5 -.f a.i 5gariTllra arl_j in Ficuraa 1

< UnKBRE the <400> S1 a attgaaaag ttcatgttca uttt> ' 210>
<2205 "11.> 1 ?> r1l1JA <-,l-i> Uiklic'rifl 35 1 ..11ti
<223> seduked: theraughedhonluggyhesekody dardonmims dPnagh 5 of ailSgamma
and paramgi fgpasfiCRPFtE indripuat dnetd fhe sepegifiitationq. 1 F qure 1
and the specif_caCc,r:. lgo ttcatgjtttgg Unknown 20:

400> 59 . A .

;agccaaatgzgﬁ,tggga%gn%ggmgu(gﬂt@g through homol ogy seargh Using
omain 5 of ail--gamm and paraneters set forth in

<210> 60 Figure _ and | he specification. [) aarjlLal_q

<2l1> 35 .-t |:. tggnago agcttgtsca gtttq _10> 64

<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma

and parameters set forth in Figure 1 and the specification.

<400> 60
gagccaaatg aatcgaaaga ttcatgtttg gtteg 35

<210> 61
<211> 35
<Z12> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using demain 5 of aiSgamma

and parametsrs set forth in Figure 1 and the specification.

<400> 61
aagccgaatg aattgaaaag ttcatgiteg gtttg 35

<210> 62
<211> 35
<212> DNA
<213> Unknown

<220
<223> Sequence identified through homology search using domain 5 of aibSgamma
and parameters set forth in Figure 1 and the specification.

<400> 62
gagccaaatg aatcgaaaga ttcatgtttg gttcg 35

<210> 63
<211> 35



11 . -1 212: '.:[dI: 1 WUnknown ec4uerlce identified

through hc.nic o' gy search using doictaiii 5 of i
i gTal SLa and paraneters set forth iri 1="ic u.ra 1 an
the spec,i tication. ctq zatc ct gaaaaaa q _' -c 11>

31 12 0 E NI <213> Unknown _duel lce idenLi .Lad [:11
ough honol ogy se arch using domain 5 of aib5gani171n

<212> DNANnd paraneters sei forth in Ei': lure | and | _he
<2137 UnkieB- . :i.Si.:aa.i'en. 31 Cue[. C '. ' J.::l EFf:1_
<20 fled through h.o:i "1H¢ill)r{"v .x.".77: ':"h 1.";

<223> SeQlhcg @defmifAed throfghaddmoldad stddchcusdng doasandt € sis@tma

and parafigerh deh E<rith gy Bidirand apd itée MBKeBB cqt &g ct gt at a

<100 ¢3Ctatgaaaqt aitacglLa' _:ra Sequence identified through

aagaagtaéﬁij&gQXQasgeétCtlaté{%l ?&t@oma' n }: of ai Sgarnsna ﬁnd
unr.onicter> out torth in Figure 1 and the

<210> 64specification. aggagaaagc tt_ccfai _a cq Lttcl _ D TA

Sus3ll-tlk ncitrn . 1irrl’1.1 of .J .7.1t. i galNna ~_

<213> Un%io%"n_tltlr_i L}yi:(i= 1.]C~1 }'.:=~n010J ;% |
|'1811|_I L~1 1] ;111 and paraneters :zt for h jr- 1'i _

<220> are 1 and a 1q: :,,-lgatq i.:tr:..>a gt 11 1 <212

<223> Se@NAce [idghtidfied tord@h Enpledyt searicldisipg Bofajn5]9L afgamma
and parafetegs EERUYST g Bomar it 84t i sPechificPEeand 1 ' I r

<100> gqaMme’'te - s sot -=i I="; InPlg:.]Jrol and lie fica
aagctgtaﬂqoetébaaa£gd:bcéﬂétd&ﬂ@UEﬁﬂg_ et r_i=r LI.1=1i &4 i
- 65LI ~:ing domain c of pia-_. q;-rr.raa poraT:_ ' r5 set
<..1> - ! H - . .

210> Stort}l 1- r, Si'_juro 1 and the S)=_| r_oi fi

<212> DNA

<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<4Q0> 65
gagcegtacg aggcagctca cgtacggtte g 31

<210> 66
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 66
gagctgtata ctatgaaagt agtacgtaca gttct 35

<210> &7
<211>» 35
<212> DNA
<213> Unknown

<220>

<223> Sequence identified through homology search using domain 5 of aiS5gamma
and parameters set forth in Figure 1 and the specification.

<400> 67
gagccgtacyg aggagaaagc ttcctatacg tttct 35

<210> 68



101 CCC1O7 ,-j aaaa cG-11.:> 211:x, ii 212 XJA 1 >
r tnno' ;n luri'_Cnl:ifthrough }lcinolou}: ar::ar
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<210> 69que|t e identified '._}trough honol ogy se; re r using
Eéﬂi wdomain a.:ig,ritgtang nt.:.":elLaaala aLralLLCac'g "gtrLL
<Q13>[h$Q3&O-? <211: 0212 DNA -..21 nnknuwi quc nc.:: -

deaf i f i ed through homul ogy search using dome i. n
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<223> Jcﬁﬁi @G@g h?(nglogéﬁee@f%fls%ng gmalln OF. TiSr;fngna

and paraq@Eers set in Flgure and spectficatio

<400> €9
gagccgggceg aggggaaact ttcacgtceg gettt 35

<210> 70
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homolcgy search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 10
gagcecggatyg acggaaaact ttcatgtccg attct 35

<210> 71
<211> 36
<212> DNA
<213> Unknown

<220>
223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 71
aagccataca gagttgaaaa tatcatatat ggtttt 36

<210> 72
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Seguence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 72
gagctgtacyg agatgaaagt ctcatatacg gttct 35



210" 77 211 <21. > Lid <210 Unlknc.un ,]Ji:.e.]r e
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<400> 73211. 212> [NA 13: -, Ulkro.ri_ 2.3:: thrcugh fr_,.nolr_

gagctgtagy agatGlaaadt, pedathtdoa, gftca 59, srr.rn<i and p_erameél e.r:
et forth -~-, cigur:_ 1 and the :.1 an-, =i{

<210> 74 % i . all”, =
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<213> Unkdckd pararieter:s e.. fof.:h lii 1.1 Q)re 1 and _he

aF~ec:tli _aL l.orl. 9 an agtttt c
<220> -
<223> Sequence identified through homology search using domain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 74
gagccgtacg agatgaaatt ttcatatacg gttc 34

<210> 75
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homeleoegy search using domain 5 of aibSgamma

and parameters set forth in Figure 1 and the specification.

<400> 75
aagctgtaag attataaata atcatttacg gtttt 35

<210> 76
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma

and parameters set forth in Figure 1 and the specification.

<400> 76

gagctagatg attaaaaati atcatgtcca gttce 35
<210> 77

<211> 35

<212> DNA

<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma

and parameters set forth in Figure 1 and the specification.

<400> 77
gagccggatg atgaaaaatt atcatgtccg gttct 35



,'10 ] 211" 212 [NA 13> Urkr_ow: <22 i ; 1 el i

.1 cm"At { Sear.-fi Wlri:.(j n- ~ 1 ~-(alLCLi 2.
r ni Ir homolon': of <22 > and (_"ararneters _ef
i _.rl Y, i Fi ~rir=1 arni t';e sr--itica=iori.
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:gigi ;giallre 1 .air ::41M t. ga:-,:,tq; Tatg 54-t~tcr, ~l ddr
<7125 DNﬂz 10> ~ } 212> L }dr: Unk_n gnerlC 1f{r2:L_i..l 1
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<400> 7811 10~ L f0 cI-|J ~ ~ :T 31 .1111a|.
gagccggatg atgaaaaatt ctcatgtccg gttcce 35
<210> 79
<211> 35
<212> DNA

<213> Unknown

<220>
<223> Sequence identified through homeolegy search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 79
gagccggatg atattaaatt atcatgtccg attcet 35

<210> 80
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 80
gaaccgtatg catcaaaagg cgcatgtacg gttcc 35

<210> 81
<211> 36
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 81
aagctgtatg cgcttaaaaa gtgcttgtac agtttt 36

<210> 82
<211> 37
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibSgamma
and parameters set forth in Figure 1 and the specification.

<400> 82



rhin Ficicire 1 find L. 11 :;> .:=!;~-ic..stiort. ~-
-?F ~a 11 ;11 CT { " QCr~l-ri i; _11.1l-::-laL"[ri~l
;CGtl~r:ceir _{6:i1], 1-1 ;A '} roua nom !3 U 5
“7( p:Jral Tetors, set ferLSi i_ri Fi ct]'>u 1 and the
si: a:_.i 51 cation. -_41111." 8 aati _a Lt :.:jtgtt
,C t tttt . -1 210: <.211>i5 "12: DI 1 LTnknos:: qu

gagccgtang agptdagpad tt¢tcBagta egotthz. 1:, k E _taol .a r 3|
using dc;mair: f _garrlma ::rcr:lct2.rs s .t 1:.,t

Sl SaLt i iltirioul ]t 1 f.r .0 1 -3, 1211 1gt,i.tg
«212> pNa . _(JtCaaaeF . :r-1not ao< i7t | _ <211> 35 <212>

<213> unbrap 1 . 213 = Unknown egeence identified through
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<400> 83ajtodllu[la and paraneters set forth in Figure J5 and
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<212> pNAand parane2e.rs set forth in Figure | and the
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and parameters set forth in Figure 1 and the specification.

<400> 84
gagctggatg agaagaaact chtcatgtcca gtttt 35

<210> 85
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified thrcough homelogy search using domain 5 of alSgamma
and parameters set forth in Figure 1 and the specification.

<400> 85
gagccggatg agaagaaact ctcatgtceg gttcet 35

<210> 86
<211> 34
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 86
gagceccggatyg aatcaaaatt tcatgtccgg tttt 34

<210> 87
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.
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Figure 1 an! tf-io [_;ecifica 21u .21; <;:12 DNA
:213: > Unknown auerce identified through honol ogy
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220> ;
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and parameters set -fb 1: an ﬁ% Bp 13n. Unknown , ;
_213:: Utt2.ricwanr~ h usi:i:a .icrn;~in . _~

<400> 88 ai ?c_aatarl ~. scan t.e s set forth in Fi gure 1 gnd

gagccgtatg) aaaég%??é*’t FioRrfeEcPditttggga 1: iat t t ¢t L:

<210> g9 C ~gtcc (I a Fct querice idenLIfl.ed through honol ogy

211> 355earch using "uonma.l and Paraneters set _orLh in
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<2205 through hooici ogq y search usin.a Clur -.i:i .. or

<223> m@&tufwgﬁr&gl?@%mél@gyhse'a@ciE'uQ[hgr Qoxﬂalanfd thﬂS@Qfﬁrﬁh
and para br&al k6N .roefd ini @G 11ger thd sptdigdedthprough “icimec

| ."ogy search using domain 5 of s tgam na
<400> 89
gagccgtgtg agatgaaagt ctcatgcacg gtttt 35
<210> 90
<211> 35
<212> DNA
<213> Unknocwn

<220>
<223> Sequence identified through hemology search using domain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 90

gagcegtgtg aattgaaaat ctcatgcacg gtttt 35
<210> 91

<211> 35

<212> DNA

<213> Unknown

<220>
<223> Sequ

mm ] bl maem o d
th in F*\__’LALC 1 and the j):)ﬁL..LJ_J_k.«\:lLJ_UlJ

nce identified through homology search u51ng domain 5 of aibgamma
crs get forth

<400> 91

gagcegtatg atgggecaact atctectgeg gtteg 35

<210> 92
<211> 35
<212> DNA
<213> Unknown

<220
<223> Sequence identified through homology search using domain 5 of aibSgamma

and parameters set forth in Figure 1 and the specification.



,ar d oararriel-ers set forth in Figure 1 and the so
cifi:=aL i on . ~_00> 103 gagccgl sLg a ictni a,set
r.tc | _rat. rqg,.ience iderlli fied |I_h:-r.jgh honol ogy
search using domain of a_ gar.ma - ar.d p'araneLers
sot for-.Sint' _gure 1 and the ape::] ficatili::. 400
101. cjagccgtalL'. T cgatgaaaglL tgcacgLaog gtti | :211>
102 1. 35 <212> CNN 13" Unknu -nre identified
<400> 92 through } _o;rnlogy search using donmain 1 and Mg .
gagcegtaty: dggkgganat qregpptacd N ame.t e rs ~ ,L __ ~Y (.5 11 in
<210> 93 E1-~1 .I.f is 4 Ci> 102 garccgtat.g ]03. 35 220> _
<211> 35 €. (1llle. ¢ m_ and paraneters ~t forth in Figure and
<212> onaMe speci fication. <400> 103 .rn3ccc{tatq <gatgaa. agi
<213> Unkpovgoacgta AM 104 P11; <212> DNA <213> Unknown DM
<9305 Unknown . 1c; gttct a rrana ter:tifiec:i thr. _nlgh
e GechLIMIDLQGK : £1ccCBGugh UShGHQRREM, Boly ddriazeampnaishamma

and parameters set forth in Figure 1 and the specification.

<400> 93
gageccgtaty aagtttaaac ttcatgtacg gttt 35

<210> 94
<211> 35
<212> DNA
<213> Unknown

<220>
«<223> Sequence identified through homclogy search using domain 5 of albgamma

and parameters set forth in Figure 1 and the specification.

<400> 94
gagccgaaly aaaccaaagt ttcatgttcg gtttt 35

<210> 95
<211> 35
<212> DNA
<213> Unkncwn

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 95
gagccgaatg aaatcaaaat ttcatgttceg gttt 35

<210> 96
<211> 35
<212> DNA
<213> Unknocwn

<220>

<2225 Saquence identified through hemology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 96

gagecgaatg aaagaaaact ttcacgtteg gtttt 35

<210> 97

<2ll> 37

<212> DNA

<213>» Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma



gtt ,_. dentifled r_rough }icrr.floc{Y search !jsing
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S1'o--ri Licht-ion 9 00 104 _tcl ;jtat5 (-:gat <210->
105 .211.7? 35 <212> D?., <Y10 i Tnknorm <220> :i7
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and parame®BEs fsket Usirflg idonmjune 8 afd &he , sPearidarpafanet ers set
lorl,, in ,lure 1 arri: she npec_:.i.ricaLlon. <210:>

<400> 97 106 211: 35 '12 > D > unknown :jr identifixed Chs
gageeggate AEGIRIRTRY ?S"gtc?‘?c—itfcﬁgg!]at%lllo lonrall-1 5 ~. Jt

<210> 98 -tidgaric[la r ,.~~ }1 "' ani:i lrararec: is et

<211> 35 =c,rtti in Fi _allr 1- and tacit i3l.t<it 121C 10? K,

21 s el 1)1'10,, -21 Ur;koown 5 i “r' aTClns lel"iCG
<213> OnknoMp 3 1 = 12'ja. ~}lr:'. LITI]L }-L=~rrl1G-.i7(3' "
<220 "tor_rt it I f1 Cai{o[l f alat fc>x"-h

: : _ -h in
<223> Seqlenkdélli@edidibd througaphomoldgy igaqcy!uqingNﬂomgﬂyli_oﬁlel%?‘mma
and paramcigrs fefgiqgtl t EBjuEstt gRAdSi SPFITGRERS i =x 7i,, G "3

1-1 . h
<1005 68 1 .210 108
gagccgtatg aggtgaaaat cteatgtacg gttct 35
<210> 99
<211l> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 99
aagcegtatg aaatgaaaat atcaagtacg gtttt 35

<210> 100
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homelogy search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 100
gagecgtatg aggtgaaaat ctcatgtacg gttct 35

<210> 101
<211i> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through hemology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 101
gagccgtatg cgatgaaagt tgcacgtacg gttct 7 35

<210> 102
<211> 35
<212> DNA
<213>» Unknown

220>



211. 35 22 2>DtNl. 1 >[121i:} r.as)r; h~ I Ci
1 5 2 2. I : . X allici_;
.=earl:}i uiiilqdci raain 5 of a -5g9~',LLIIlci %

rquenCe 1cieril J. tirr tll.r e : g --
_ _J. : : pr,-maters
-,t forth inF i-vli--~ 1 ao |l she ~pecif' ._.<
t nn. aea Lrjcatq _y ' X gttct <2 3> "equenc

identified t17rc1l Jti }!: -nlr_; a'; r_.1, 11Sillr-J
223> SequenPRiihintd r0fd knBEharooidy afarrh Jsi aareprain; b bt 2139PT9
and paramét@ré Wee @eh tin Ficone 1 Fmd gémﬁlpaFch]EC%\%ﬁOstca 210% 1. 10
1005 102 :21;'> 35 12 iJ N 21 :> Un: noon '220::: 72'>
gagcegtatg ©9 eaaa t. cgead EEA% &JHCtr 1 }:Tp_inti cic:Ti-6 1
ﬁ? ar i ? a rc.lrlriTianb5tr 1. :,gar I[Il~
<210>103an]<3| paralnetars set forth ir. Ficlare 1 and I-he p
<211»> 35 __fi ati n. ag000l _1f4 Cqq L':jU 7.7: _Jt rtci<
zgiiigii(; t.tct <210> 111 <211: 35 DN& queri e i deni : F;gg%
it _.ygh hoc[,.; sear ch us.i nc _lon.yir ul
c0» lodyren 'L r'lail c> 2 ai~Jthe eC. ti ca I
<223> Seq&anbe(ihentlfléd]thmemghghQMquqY Seafcg aln of misgamna
and paramgtfers sierQlordhc{n FEgurpi s An¢ | e, e Eﬁia?mdl ‘t hr ough usi ng

‘q00>jﬁ3doga'” 50.05g.imrla parameter r? hi.n Fi gore 1
C

gagecgtat a{&gagftggécglta&g g0ft. 400> 112 | agccgtat q cgcgcaaa
? r_,acg-a' gttct <210 113 ?11. 34 c 1g> b(;x:}g
<210> 104

<211> 35

<212> DNA

<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of allgamma

and parameters set forth in Figure 1 and the specification.

<400> 104

gagctgtatg cgatgaaagt cgcacgtaca gttct 35
<210> 105

<211> 35

<212> DNA

<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 105
gagccgtatyg ccatgaaagt ggcacgtacyg gttct 35

<210> 106
<211> 35
<212> DBNA
<213> Unknown

<220>
<223> Sequence identified through homology search using demain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 106
cagccgtgtg cggtgaaagt cgcacgeacg gttgt 35

<210> 107
<211> 35
<212> DNA
<213> Unknown



_TrI ,or,on <i.rsr:iet.=r. set forth in Sequence
identified | -r:4;1 ;:> 113t tea ,.a !mology
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<223> Sequethcel £de@tifiggrthrough ology Seqrely to [ i'cetic ~.
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jﬁ%; ?);A thr: i _7'aii nr;lnl_rcli :sin?, 1: rnair_ri:1

<513% unknolfirara.ot<r:s forth in Fig ce 1 alid Lhe spec:' r

140C: 110 e;agc:ggtatc agcc.q_, gagq LLcaoelacc:

<220> gt-_tct. 11 21.2:. 0151 equen._e.iC Lfd @1 di sqamm
<223> Sequepdfr @ ;IE%?thrOEQW h@@g&g@éﬁﬁ,éggh-uﬁipg égﬂl&h_é 4 A%Sg_ g

ST Saifh B4, - _ICraa -1
t h™in Figare eoififatiiom. - _
and parame N 5? gar'T &7, ag
<400> 108
gagccgtgtyg cgttgaaaga tgcatgcacy gttct 35
<210> 109
<211> 35
<212> DNA

<213> Unknown

<220> . :
<223> Sequence identified through homology search using.domaln 5 of aibgamma
and parameters set forth in Figure ! and the specification.

<400> 109
gagcegtatg aatggagaca ttcacgtacg gtttt 35

<210> 110
<211> 35
<212> DNA
<213> Unknown

<220> . .
<223> Sequence identified through homology search using domain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 110
gagcogtgtg cggtgaaagt cgcatgeacyg gttet 35

<210> 111
<211> 35
<212> DNA
<713> Unknown

<220> . .
<223> Sequence identified through homology search using domain 3 of aiSgamma

and parameters set forth in Figure 1 and the specification.

<400> 111
gagccgtatyg cgggaaaact cgcacgtacy gttct 35

<210> 112
<211>» 35
<212> DNA
<213> Unknown



and p~arair:elLees .yet forth in Flquro 1 aiv_i flit:
epecilil_, .ion. <400 117 gtgtq eatc'Ca acT
ttcacgcac_i:: {t.1 210> 118 12> DNA 713 Unknown ';
ganr'ia Se~.-ru_naic:er:tified of .cii r;
-,rr,:orars sL L'i 1n Figure 1 an,-1 tihe
spef-:c,ation. <. 10(i> 118 lageecll:gt.:1 c:]:{cgaaact
| _gc,:::gcac:1 at 21(o 115! 211> 5 21 DNA 2130

220> ; at e-u .
<223> Sedu@ﬁé@qfdéht§?iéaetﬁf&%bﬂ)hbmélob (%Q@}£H'99£H§ Bgﬂyik_ﬁﬂogvangamma
and paran@@@LBed-fbrth ih HigGre 11 ORAthe bpécidgi&tidhl | il:a anti
ct00s 112;;aL alfp-t!.:r:.: set forth -n Fi.c,.1ru 1 and Life

u:'cifi:c:~L.--: 400~> 11'0 7Qr/tgaaacit , 1C .12, | 1
gageegtaty gggggaaact jegeacgacy attct o155 UrQi7k?_c' crl aact aé%
210> 11 -1tttt gi:ei:ce ldentified through ~i ~~rf. Cl1CC~
<211> 34 :=:earcl- osinj mc-sin and 1=~c. r.atiiFI_F-?"i>
<zt2> DNrsot torth iii E'1rll.lrc 1 and the rcfl cl ticeticei
<213> Unknpyn | j - > 1 )(j gagccc-11-al _a ::'t:cgagagq <.21 C 121
<20 =-1 DNA Lnkrno>i ,J9 i-0 a

<223> Sequence identified through homology search using demain 5 of aiSgamma
and parameters set forth in Figure 1 and the specification.

<400> 113
gagccgtatg tgctgaaagg tacaagtacg gttc 34

<210> 114
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 114
gagccgtatyg ccgggaaact ggcacgtacg gttet 35

<210> 115
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology searxrch using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 115
gagccggatg aggggcgact ctcatgtceceg gitet 35

<210> 116
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 1le
gagcggtatg agccgagagg ttcacgtacc gttet 35

<210> 117
<2l1l> 35
<212> DNA



ac e *:223 ' gigue ii-,e ldent 111 ad C rolC(1-1 11

nmol 11 ,j] sea<i:'"h |1 11'c durii i “srllrllr7 ar:d
araaiet rs ,e: lir:l | in Fi-aur=1 -Irld the sF_;u._
i 1= cation. a' = -i :1L(] 3 23> e::11-Terre identified
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<213> UnkmgEn — e: 1f1.1ion :400: 122 aaooocgtgtqg_ j agci ooaaact
<920 Ctcatgcacq gtotq 210,123 11:> .. 212> DNA Unkno;-rn i
<223> seflieffY ibédridy onghghasebngy seatchisusi dgnadonfion FiSggmna
and paranererd apndhzdl snsBloufor did the sFpdjfifgyiont and til
i -1 n..nt...gin 4Cl:; 1.r3 1 124 DI:A T.Jn

='ci -i n.
<400> 1%,y yn Lacer: ! wer(-arr.nri 34220 : C35.%-;
929099t9td A%C&"‘%g] E%ﬁclafg?%a:cg;?lc.mtl .1 Ftat7 fl. ~Ad t'IrC ]ga
<210> 11@ar.!raf ~ _~ ¢3,,;~,..-.::r:,h 1S 111::{

<211> 35 ~C~1"lalll . of rarneLers soL f ;elL}: iri Fli.] _lre
<§i§> Marii 1 the Sfiieci.f:i:_.at. i::'rl. 124 gtrrg

“eker UMOPHYj . ga7l--j t.i:c]CG)tni:C1_LI: 2 10: 125 1 DNA
<220»> 13: )rikric ;tin "el-li: 1.'deiil 7. J.ed L.;i

<223> Sequejde) iddntgyicdaerduah usinplogy sdarfh gsing dpmade F@ar CIEF™2
and paramejefs gfetl@SHUSeR FgRth L P FetsE e faith the

<1005 11BsF:.egc!ficatian. 400 125 .iaucc_TLan al : agga~uet
gageegtgtdl e@feghadteOrgabgdackdatcl _[1 11 35
<210> 119

<211> 35

<212> DNA

<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibSgamma

and parameters set forth in Figure 1 and the specification.

<400> 119
gagcecgtatg aggtgaaagt ctcaagtacg gtttt 35

<210> 120
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aiSgamma

and parameters set forth in Figure 1 and the specificatioen.

<400> 120
gagccgtata ctccgagagg ggtacgtacg gttce 35

<210> 121
<211> 31
<212> DNA
<233> Unknown

<220>
<223> Sequence identified through homoleogy search using domain 5 cof aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 121
ccgecgtgta cggaaccgta cgcacggltygg t 31

<210> 122
<211> 35



1 - "MA 13" Unknown 7uurii=e identified through

honmoi nc7',,' search wing domain 5 "ot albSg.aii.lD a
and paraneters set loath in Ficure 1 and the ~: eciti’
ticn. D Un known 220 cqucnc - i d ent.ifind through

honol ogy scar ch using domain 5 cT ai5gaiu a and pa
aneLers =1_ Wth in Figure 1 and Lhe specific' I:

jg%%ﬁgirnmnct-lctgaaang Lc_1 acgt cu nLL g 35 0600 1

| aromyc.e. cerevis.lae e ?rrns.pundin_J to Lure of
<220> :2runr_; 11 calLaivl:ic RAJA of ai53. _T7qi 'cgualLr_J
<223> Semegaﬁlga@f&g@é@gwéqhwhwy Seprch using domain 5 of aiSgamma
in Fi

and parameters set fort igure 1 and the specification.

<400> 122
acgecgtgtyg aggggaaact ctcatgecacg gtgtg 35

<210> 123
<211> 34
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homocleogy search using domain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 123
acgccgtatg ctggaaactc gectgtacgg tgtg 34

<210> 124
<211> 35
<212> DNA
<213> Unknown

<220> :
<223> Sequence identified through homology search using domain 5 of aibSgamma

and parameters set forth in Figure 1 and the specification.

<400> 124
aagccgtatg aggggaaact ttcacgtacg gtttg 35

<210> 125
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma

and parameters set forth in Figure 1 and the specification.

<400> 125
gagccgtatg atgggaaact atcacgtacyg gttct 35

<210> 126
<211> 35
<212> DNA
<213> Unknown

<220>
<223> Sequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specificaticn.

<400> 126
gagcccggtg cggtgaaagt cgcacgccgg gttceg 35

<210> 127



<211> 35
<212> DNA
<213> Unknown

<220>
<223> Bequence identified through homology search using domain 5 of aibgamma
and parameters set forth in Figure 1 and the specification.

<400> 127
gagccggatg cgctgaaagg tgcacgtceg gtteg 35

<210> 128

<211> 34

<212> RNA

<213> Saccharomyces cerevisiae

<220>
<223> Sequence correspending to structure of Group II catalytic RNA of ai53.

<4G0> 128
gagccguauyg cgaungaaagu cgcacguacg guuc 34



