; $9%R' e3ehCGh@DBF" C( GG GTG ul METHOD OF DNA SEQUENCE REPRESENTATI ON BY

USI NG DNA SURFACE CHARGE PATTERNS AND | TS APPLI CATI ON TO | DENTI FY DNA
BINDING SITE Field of the Invention [0001] The present invention generally
rel ates to DNA sequence representation and conputati onal
prediction/identification of DNA bi ndihg sites, and nore particularly to a
nmet hod of DNA sequence representation by using DNA surface charge patterns
and its NEETHOD OFDNA SEQVENGE BEPRESHENTA HIQNBY BSEXGINASURFARE

sequence CPATFGEITEERNS ENB AR ERBON S ol Ariy ohfs mRIRE

Fortunately, the practitioners in bigppformatics are not starting from
scratch. Experinments conducted in | aboratories have established that nany
di fferent DNA sequences and proteins may performidentical or simlar
functions in the sane or differgnt, qrgapnism. It is interesting to note that
distinctive recurring patterns F(el&ﬂoagitge ﬂjv nhmr}i ol ogi cal sequences such as
DNA and protein have been identified for specific functions. For exanple,

the TAT¢(0&m< i's conpeved MhihioR Rhbralldedhid lPONRr QEaEe L e RhANBA GRS -
[ 0003] The re d

i
cognition of notifs provides a prom sing neans for
conput atdosmaitationalpredictipi/identifiontiamddnidiNd. biadungreites, anid motearariicilarbN® di ndi ng
sites that,contain,.the notif or var, ant. t of .. Se Van and rsan,
Pr oot erBebEfanaaA AR strreieaeR HE et N A uitad vt R RO S ear
in m crolpatamn tb dntify’BDRATERding 1089) . For exanple, DNA notifs are used to
ferret out DNA binding sites in unknown sequences. See, Storno, G D., DNA"
bi nding sites: representation and di scovery, Bioinformatics (Oxford,
Engl and) 16(1): 16-23 (2000) 004 r,. the conservation of the DNA
sequences of different DNA n%?%lg%.gg}é??’géﬁvﬁgﬁm&nanpl e, DNA sequences for
restriction enzymes are highly or strictly conserved because the .
restri Ct[bﬂﬂ]renzy”E@ﬂee&ﬁg%geefo@%iﬁﬂirnﬁﬁ%irﬁﬁﬂercﬁi-gé‘rﬁfrﬂe SRR6hdd &rahlfp mot i f
sequences. To the contrary, DNA notif sequences such as pronoters and
enhancerrslade | thy B crequrces bas theimfhagtions. Retumatedy.ohfo pragtitionersién (1 ) :
16- 23 (2000).. 2 Thus sequenge fepresent ati.o hat .1 s suitable for
Fdent i 1ot oy sRrilt bR IENTT LRI Aradleh dflenbR it AR
restri ctdselishutlythat iahe diffednNDN D 8edikated afdoprotddenial i feafonanidentidaé ss
conserved DNA sequences such as_pronoters and regul atory protein binding
sites. |9mjlar fupetionsn Hepremei o daideremareaman DNAS ddergeingdo mefs thatedistinctizy i s

cruci al . i N, . 0f . | i.f Vi [~Yel i -] known
cequence Sl Dal s PUATEE 1ol AN stalfes tn B PR G e il IR Bl OV
sequencddestifieis i tspeeifio Suhctiingdig exanpbs) Ihs THEIdOR ES conemsansithimall ri ces,

wei ghted matri ces, and sequence | ogos. See, Schneider and Stephens,

Sequenc dPBHiE PrakaniioImeETyi spl ay consensus sequences, Nucl ei ¢ aci ds
researc 20): e J%?t ot i f I D) BORRA £

nol ecul 21[? |$0I ogy fr orr%(él é‘é rr(zitg]lg%trll s?ﬁ@@??g%ﬁ’tn?rﬂé‘é‘ mrreélggﬁr eéso, rrax?)rrrlurﬂw

ent r opy igentifginglfeorandkervar giqnencappf patertiab MBNA Bpelingadites érat esntain th¢ uwti€s i n

fuziness and soft conputjing_ . J. Kacprzyk. w York, Springer-Ver|ag. 119:
296 237 Q2DOSH AN BEUST. A onGais 00 SR BB OB LSBT S SN HE s o
that appgahold by HedhBshs iESAURBGY A irfAG&BRI Sy PSD:V"‘?W799S Z(S%ﬁr ®or

sequences believed to have conmon function are Conpared.” , rett and
G i shamexamphes DN Atmotifszane usdietor feguet ati DN Ao binglergesites jneménown sBijwenbesri stry

Fl ori da, , Saynder s I Publ.i shi.ng (1999). .It i .he ol dest. .

Fepr eserih SO St Pr 1THA DRGSR o <eatreetint nd Sy oo Hoinfumatien: | n
t he comMWxEsrdSEAERED 16?12!7}61'23?005;%9, Vanet and Marsan, 150: 779-799 (1999);
Stornmo, G D., 16(1): -23 (2000). An exenpl ary consensus sequence is

shown i 045 1. AsHewieves; thp cerservagipmod theDRNAngsgiences pf didterana ihoh matie
net hod of._consens u e ffers.fr consi derabl e,l.ass of ..
[ 0f or mat 1w T PRt DR SRS e RogioR iz R cary ighly | Qfetiriotty,

exanpl e,coas@oed besiiSe HaOtshittionh RnrRRELEROENIREG afd RUDpRLisSIyt &Sverh Ishedifise t he
i nformation of the | ow conservation of DNA binding sites. As these
funct i oddNAsmEEE sequenprst  £¢ the eonfrasnnNA, BT BEQUSDEES Fusheast PraBigias andf

conserv i RaSE : i e X e S
vastly ?%%’eé%%?%é%ﬁﬁgzgreseg%g%gg%ﬂgﬁgl?%%é%@%ﬁvggpgfﬁ§ﬁ@'?ﬁ%%ﬁgggQ%ding
sites. [0006] Using a consensus sequence to identify DNA binding sites is
not very successful. By conparing the fal se negative and fal se positive
rates fromthe consensus sequence approach, the flaws of using consensus
sequences for prediction of DNA binding sites becone evident. Predictions
wi t hout m smatches all owed yield high specificity but extrenely | ow
sensitivity as only exact nmatches are found. However, increasing the 3

o, o " - Y r - o




4 where hij is the nunber of tinmes the nucleotide letter i appears at the
position j, N the total nunber of sequences, and p; is the a priori
probability of the nucleotide letter i (frequency of nucleotide i in the
genone). See, Hertz and Stormo, Bioinformatics 15(7-8): 563-577 (1999).

[ 0010] To measure how closely a test guence mat ches the biding side, the
test sequence is aligned along the weighted matrix and the weights for each
nucl eot i Heusa BPN& mqilgmredrepwi:mta@@n drae i caiead]e wddwc@mg/ﬁlighlyh@rgﬁecﬂ)r\ei ght

scores are tho tch the bindin te better. than seguenc
Cower  weSRETE eS8 e RS SRR, RO L
total SCﬁEﬁﬁUatlfnl o?)esé‘ cbitbeBRN DNAGe@8hncds £2h 28 prométersa regiltatdry pro@dfin Ous

ot her wei ghts have been also used to define a consensus matri X, |ncIud|ng
pseudo coding shesd IDrSrfuctll'rbleappmqmi@éthats&e DNArsequenqel represeniatioBisgimdialrfont i cs

| 5(7-8): 577 9 9 0 e consensus ,or we tni

orovi de. eBpREfmp s Menbdnd DA BlndFoelS FE ot S S B oL S8R

resul ts DNADN&IRI Mdichgars iat fewsEakaiite DBIAhoViE b@ftendiepics@BaticdBhdluding
unsati sfactory. Possible reasons for the disappointing results may i ncl ude
t he assUFRPEFISHS SHBICN¢TSe COBERYISPALHESS, treeehtpdamsitirgs npdssequence lpgos. ~See,

i ndepen tion
or ol om > eigeE o8 Serehe Seouice IogSSa hew:ua Yo, oS AERRCA ST RS P
(1996) . NuclaiddicidsomRscantic I18()20)d6897 B1Q0 Oro90Er ScimeidsA Di Ddi Sunabdssotist fipr ar e

t hought not to be in ependent and therr merghts not be additive across t he
posi t i orf@olssul ?1}1‘@01(98}5 an formation theowt, EaHgDYAE EHROS. [MEgIIum GNPy | S
[0012] 1 448 &th
consensus sequé
repr esenkadpirzytk. Nlaonxgk Sﬂrrmgesé’edﬁg \/1;19: 205)- 2371@0@]31} I et t er s to depr ct

quant| tativel y t he aver age uence n atl as t. e
frequendP®®l in a %é?n%rgﬁr%q Ieg fEHDS %%fﬁ’éﬁéést é@é@st rﬁﬁ’B?‘Hé’Y“ ﬁl

St ephensfreRRANENGRCH ?gﬁﬁon @vh@ﬁ‘é’ S8RYs 6&&%&%@&1&%& W hMZ RAUHEN ﬁﬁr%tloﬂ\'u cleic
aci ds research 18( 20 6097- 6100 (1990); Schneider, T. D., Sone |essons for
mol ecul aare mompegwd T r ¥, | Gdrogtimand drrishheg rTyanEmptlonwndetas uegglatiomwi ragne

entOPY BB i 80080 LSS SR, BB PR3 Syl

229- 237 fepfictkatiofisb®irPths @ﬁérh@ké IndEis @ﬁ'@iv@lbﬁ‘ﬁﬂ Sl ‘?E@rnﬂiﬁttﬁ@@'@m Uiy s%iH%é’aC h
may shed sone I|%£t on the three dinensional eractions 13

[ ]
| nf or rratquﬁmqmé’o esdanaisad Marsaml O éft78-79ﬂf(é99ﬂ:it Stmimon Ghilhdl6d)siaes.
Schnei de |nfor ion R ch St ter of vari.ation
i n uncer &§§X&n§b' o S(wqyﬂf% 0“§gﬁA§f%2r ﬂn“ﬂéﬁﬁ?%g %
measur eSDNMbﬁﬂfépﬁ@éﬁt@@c}h @llid m@thl@ﬂ%f@ﬂﬁjseﬁm@%MCaﬁtﬁﬂfér@ altohpal Sonshpestléel

series on studies in fuziness and soft conputin . Kacp rz§‘ New Yor kK,
Spr i ngerlosieef infprmation withorespept tpthgaipta sqb dfogr whi lr dkdaiivied. Bior 2xamelant ng

t hat eac 25,
cquat | ortrystiseiREs B BpREhGRPpRARE: eh il BpS B EEREE 1 16k 2

Hbej ore eonlsﬁjvﬁtﬁm éﬂ.l))N[ADBihﬁlngl—htefs o these i(uhbtﬁdﬂab@;ﬁ@) ar€ 2pt fORAGlcosived; = - ~
fib, r~ 1logz [0017] where f~e,r~ = nunber of occurrences of
base b .wtgcs’éffﬁreeh ngr&Pwéec&nbf‘;rV%trfél ALHHEUSobass] PRRIHRRSs b Hagl erwnaerrwghr y
conserv t o, and
the changdrsci s ar ma e o i RS PR IR bR vitdiony T PG i AiRE

Schnei desiteshowed t he presence of two peaks in nost binding sites that are

about 10 base pair art. These peaks carres p one DNA helrx turn,
e vel i B8 b T oG e Cotys SR S Oeris DN A bETES SRy SO doubi o
hel'i x. %u@@és@ﬂul.eﬁyddoﬁﬁfaﬁ Ry Fhe ?ars%eﬂegeﬁrs@aﬁd)e@setmﬁm%tew&n rﬁéccqﬁéﬂs\ﬁ@t Ive
sequences and explanatory notes is shown 1n FI'G 5. Although the sequence

| 0go i npequanse approBliAtheeiavesentsitg mnsangey seqh@cceﬁs’@m@h@mmﬁmﬂeéandmg
suffers the,sane bl e idi.ty, of. b |t|on re,
the. oxi SRR Sadtiin s et Pusgar Sr i SR it ehissly P

NONO- NUKRAlelyH Gow |seNdlivity a8 onlye ks eMdttE HHGbesd.| doWRaRe Metdasingith®i n any
DNA sequences as al phabets (consensus sequence), nunerical val ues
(consensus and wei ghted matrices), or graphical representations (sequence

|l ogos). By virtue of their reliance on representing DNA sequences at

i ndi vi dual base | evels, DNA binding sites prediction prograns that enploys
exi sting DNA sequence representations have yiel ded di sappointing results.
For exanple, current pronoter prediction prograns based on the
af orenenti oned DNA sequence representations generates about 30% - 40% fal se
negative predictions and about 45% - 60%fal se positive predictions for
human genones. See, Duret and Bucher, Searching for regulatory elenments in




[ 0022] The present invention also provides a DNA sequence represented by a
sequence of surface charge patterns. In one enbodi nent of the present

i nvention, the DNA charge sequence includes surface charge patterns of each
singl e nucl eoti de base and "di nucl eotides'; wherein the each single

nucl eoti de base is selected fromthe g:?oup of A, T, G and C wherein the
“di-nucl eotides' is selected fromthe group of AA, AC, AG AT, CA CC CG
CT, GA dowabl; nG¥mafthes TEatlyGnarehsdST theandmbire pfifalse Ipositide -pradictons tes' are

inserted jntao .the |nter-space t i acent nucl eoti de base and
consi st § kfr_ﬁ e?%‘%é@feﬁ&%&%ﬁﬁ&@@ﬁ?g& e insertion point. [0023]
The presgagr;i nventAp ﬂn{n‘ﬁ"v&rﬁ@ﬂt 1o E&Vdiﬂﬁﬁ: cféné’@fsﬁ'soééqﬁéi{ce ig@etukd y¥f A géhekdNA

bi nding site Efy usi ng e DNA sequences represented by a sequence of
sur f ace letiensgelopambiguess nuplegtidese vhaldirenretenting mimge shars ene nirplgetdd. obee, t he

identifigation t hod, &0 i  f.ol | owd ) l\hani at | east
one knovs sk Mg S TE0-7R8 LIRS S, ThR% Bobdl Bkeltmanton ona
bi ndi ng z&!c&ﬁaiﬁ?_@blﬁﬂﬁeeinit& §iRegSRIRt ettePitsentEEBUERER RS sdifledGR (HTAIPGE
patterns including surface charge patterns of each single nucleotjde base

and ° di mededstshawd'in Klfge?-eiSges horsliBosidegl & ndomeaelaee bias dngempleiedet ed

fromthe_gy. . er.ej - d] i- el ect ed
1o {harSbUR e Dunloe® oy fendthS im0 AR kel
TG and TB: 300d-308@(EI835).t Réthodih anldhpelE@est todhe sinfige cdddndustseqiidnee, the

i nter-space between two adjacent nucleotide base and consist of the two
nucl eot | WleH¥masnuskrotide dipapencyi nbumation ipsikhdosty eaegulﬁrge)aoreﬁﬁgb%@es

repr es_erﬁsﬁ{agn%hsgﬁsufs Q@%%kw@&fﬂ WPA@%ﬁgesoﬂgld%ep LD had sfil‘ﬁgi%ea}ﬁﬁ&fsﬁs and
conpari ng unknown sequence W th the consensus representation;

t her eby seheercbqdat néveethelndsniaiino Piiforse spinfacerilye steapbteamsd @ DonsENSLE23
represen@s{)@on, the nore |ikely the unknown DNA sequence is a potential DNA
bi ndi ng : [0024] The objectives and advantages of the invention wll
become apgyajent fregptdienkahk QRS trRIghestyIRTShidoh ABstOf HedoRs&Rds

enbodi nents t hereof in connection with the acconpanyi ng draw ngs. Brief
Descr i ptieqnersfe agpzofdhawonsmsfiQ @Rblicddr bdwer bexh dennboliatentds casseosel nytiixo t he

present invention w.ll .naw be descri with reference to the Figures, in
hhtoh | iBerariataiA iR Al RGP obPofieh i o fobf el bidES

i1 ustr afie@entih BXATRAREY mERNSARRHS aSBHULRGE tl?é”!f}indih% sHETt iYRIel Ok Pimet he
alignment of multiple sequences. [0027] FIG 2 is the | UPAC code table using

p
speci f i ehddarsantldfs71D792d 088k Htortve G &yettéiad §-23[(2038] BarlccdbMhpwE an
exenpl ary al i gnment nmat r.i where each.cell of.the matrix corresponds to
the Faw s BiarEn s Rhch e, PR RAE Stk rlReudk £ P RBRLET ona
bi ndi ng thé bRSumMEOB2RIngHife, IBeR1aWheABwWaKER ANY 7 R @iBA. FBG BaxhéRahn i S
obt ai ned by the transformation of the alignment matrix as shown in FI G 3a.
[0030] Fxemplagiiowgnmeat ceateinl ahicsh cagh Aell O the gnatsixogorpaspondssio diytrnce
using a el oRt etk b T cH ARG BRGORRIL FLBDRNRIG, deailad ol aor am
of a sequéence”l ogo together Wi t s derivative sequences and expl'anat ory
notes. St8rrh@)UdetifringDNA- shdsprowirs paticaeewith atagistisallgVisgrificantalignmests @6t i de’
| evel . [0033] FIG 7 shows the generation of ~nmono-nucleotide' |evel surface
char ge rBpipisessaugiceh Blomfmmatics] 64 332308- 3 ol 999k flhtserpatsnldal paRgnsys

“di - nucl i.de’ | 1 G h en i dj - -eot i de
| evel ' slﬁr 1§g§arceh§r\régébl%létg€§§é%t§ gef i gﬁi’. i 26%6?‘ @I’ﬁl@%‘ﬁ%\s/\gé gilegh?tgﬁ%l\gys
t hat DNAlilrewdiyngf pattarns in plde&jllendds G diiknalhafvsorhheati arah Sfcdo g 5(2)N 299-365 DNA

sequence._into a surface charge representation.
d (155 ge rep

[0009] Another type of consensus matrices is the weighted matrix. The weighted
matrix is populated by weights that are used to score a test sequence against the binding
site pattern. FIG 3b shows an exemplary weighted matrix that is obtained by the
transformation of the alignment matrix as shown in FIG 3a. The transformation may be

done by applying the formula i, j+p i)/ w+l) (log likelihood) to the alignment matrix,
pi




[0038] FIG 12 shows the conputation of scores using surface charge
representation. [0039] FIG 13 shows results of j ack knife tests for

"QCct aner - Bi ndi ng Transcription Factor 1" using the surface charge
representation. [0040] FIG 14 shows results of jack knife tests for

" CAAT/ Enhancer Binding Protein Beta" u%ing t he surface charge
representation. Detail ed Description of the Invention [0041] The present

i nvent i owheray:; hethenderter obtmes tle mekdtilly letyr i gfpears nc thetpositios jf 6 hedniahg
det ai |l ed descri.ption of certain enbodi t.s of . the invention. [0042

Tht oughoHT bR oG SSaBo R 1 Hite B BLBI PRy PuCIPE b it gheqisaty

di scl os %@&c@otiﬁ@@%ﬁt&l’gﬁ@nbﬁﬁ}' QRS HREE RAreoimd, BienkonBiies 153&7-3)98@3“3@6, in
their entireties, into this application in order to nore fully describe the
state of (18P%).to which this invention pertains. [0043] DNA-protein

i nteract are three di nensional i ature. The .bi ndi ng,.of .nproteins to
o T oquPRY Sequente EeEARLBA aited hotier Eey 66 Bk B JENY o

pr ot ei Nsseqlier®pes hligrieded6ptha Weighteld hididist afd/thetwelghtd el edeRHuclebBdd &nke and
may even require distortions to _allow close Interaction between the

nol ecul edlighpd phgtipn arecadded;aseduaans withdiighsr syeighs sc@es areBheyghé to maehheze,

| nt roducy.i t [ { tructure. New Yor Garl apd Pub )

defi neqc%ééﬁgg r?ﬁe tIB ﬁtg%r&&}lh?ﬁuﬁ%ﬁengv lghi ]tog{er va%gglrt _EC r%S'aRf)R&)Vgneénu%ﬁ}?:g’ tihﬁg%t can be
speci fi calguyndee@oEATHEY kayda hewndedry of @IOLED06) B (PEDH @SP4 (6.59 -4 Ke.

[ 0044] As discussed above, existing representations for DNA binding site

ar e baseWasalsaitheroveighie havedemenafsotused uddfmeta abaserfsoumdtrixg imoNAlisepssedees. |t

is apparent .that .these .9 ho are over-sinplificati 0 npl ex
e oon i S BRADIIFDE grbrs Sef o Rt nod e nap s ol 3T RS A ng
i nvol ves(jgygyti pl e interactions including hydrogen bond, van der \Waals

contact and ‘water nedi ated bond forned between amno acid of proteins and
base pail0811df doubWailaebhsenprror waighted magreestprovide arbsttetorsproserdatian thewur i n

the majo roove of the B-DNA (natural |y curring .doubl e helix DNA). See,
b andon 3578 58 §5a%ri Feslistts dhe Pl st P RAC IS B YRethedioit REfRhn g Pub
( 1999) ; mbisieORERRIn BhisablbfactoAWT Psidld 1@addas €orl thé BisasidiMif redults may include

t hree-di nensi onal analysis of protein-DNA interactions at an atom c | evel,

Nucl ei ¢ Hejassnmuptiaaihahtheohgsey withgstheolgd pindom) siteTiuef, independencedp e@plar ges
in DNA bi.ndi ng si Nid | | Ct ] e . opriate
t han nuc tg%{fi s gf"gﬁ%?gs’g ;[tg%%gg(gn gﬁﬁ(gagf.ogl%gv@\e/%f gr}?[s ‘%ae?\él? \?efgrrg@%e?ﬁ’g%s’ have
been mad@omputtar&tahemient 20(%):0NA- bignd0aE). Sirt sldityorl) hiuolgotiged iaGRomoRAOE /
receptor_sites and charges have focused on the positions of charged atons

at the HYALIRdiES6tYiHeare taought npilo e independent pad tgyc weights ngh e addiivan, et

Br of ei et e o WEH| B L R GRG0 9 R ant
Tooze, |pot2pduct i din droatpenmpteto rinsdrpoiateubase fiNepen@ekintéaid fandlifudonsers@99) .

0045] Th t i ti d . hod of. DNA
: epr cteratlish ﬁ%ﬁéﬁgg ?&a@é%% areggaé)%tfgﬁv@?iﬂgoate reafe??efﬂ%fﬁﬁﬁwh hevel .
Wi 1 et NgeRiF G8iABe hWRNIENAR Whldiotfifintiivd AR LR L ARG iRl g9

sites as an exenplary application of the new representation, it is to
be appr eetlhtaedhe¢ thase fiequerppdsi catai s ofgiretatign@Nsequepcess evreatScbneidet hod

di scl ose ereipg include, but are not limted to, gene predictjon and
equence EPIAHUEOES AT A e o1 dfPley Shniegietraniehie. Muehafde
charge Q@&éaedhnﬁsét@f 60NAGSERINSY0R SCRNIESEN! B iSofhe LB fdrndlE@NArdRslogy b i ef
description of derivation of surface charge patterns for individua

nucl eot i e, infaymatipn Negory ofntrony measus¢sn nRXKANUMt entropy | prinsiple and lemerging t o

occur int leatrga' (o} FQoye Sof tth : g)li\lAUldoubI empel i X, See %r %den ang, ooze,
I ntroduc@&%&é@@-ﬁ-&%ﬁ-ﬁ&w ; Mﬁ—%—%&% L (T85GFY5- 100Dt ai n
the surfyek, Shadg@e ieelht X195 209-28N€2008). WhilgegenealBfa @acdinRhsibhe mudeddgot i de
base pair, the base pair is first rotated such that the major groove of the

nucl eot i He aprreechgnry shed spmgilight o5/the yee dimensiond igigrastighbw di fferent vi ews
of an A- se pai Lot ' 1ol i =T e
pair; b)[g?:*réint Vi e@vféﬂntgﬁi%gm S g?“%%L@B%?%%Sg%at?é?%?@aﬁélg%raiel}d?l%g?ssrmm
vi ew of Sdbpeider dafoey @ie injorfiatidaRent elcdr gite i itexms (Off tontariation)in aficeaihtpds pair;
and d) Surface charge view (front view 10 with positive and negative
surface charge areas highlighted. D agrans were generated by WbLab
ViewerLite 4.0. [0048] After the surface charges of each nucleotide are
viewed as FIG 6d, an array of 4 boxes ("Surface charge w ndows") are used
to indicate the positions of surface charge areas that are thought to be
inmportant for protein-DNA interaction at the "~nono-nucleotide' |evel as
shown in FIG 7. Each wi ndow of the Surface charge wi ndows is exam ned and

o Y a r o o, o o ~ I




Surface charge wi ndows and their assigned " nono-nucl eotide' |evel surface
charge representations. Di agrans were generated by WhblLab ViewerLite 4.0.
The surface charge representation at the "nono-nucl eotide' |evel is

sumari zed in Table 1. [0049] Table 1. Summary of surface charge
representation at the "nono nucl eoti ded Ievel . [ 0050] Nu~l ~oti deSurface
charge Representation (Mina nuel eot~d~e le~rel~..C1 , 1, 0, 0 0, O
1, 1 ) Téqubtion X1).08&] Sthidadery €f Br,rEmmpy anéds@Ss &aaﬂnmmdeﬂronvhmrmpls apd ovi ded
a brief descrlutlon gf th§ derlvaplon of the S rface cgaroe pat L er ns, at t he
“di - nucl ¢l !! ______ 101 S Q Studi€ ; 0L 0

the " di -grhgireat. 'W@N Y&Meépnﬁé%? \Eé}ﬁgsqwcm ?.37 ?26093 aH%%gS‘x'@fhkfeH% ghe
spaces between two consecutive DNA"base pairs are naxi exposed, which
i s about assgmihgghaiesclanljihe fowtnacieotidésrasmutt With theasametftequenwmf PS5, yquakiposes
the majo LOove o the f t .nucl e base pair as shown in FIGS 8a-d.
[0052]J F(irza;g upor, 398%0%%%%%‘6 OHSOW%% otation angle at which the ngjor
groove bpbygen twoRrcoassCU¥e nucl eotide base pairs (|1§ exposed Line 1
represents the angle at which the top nucleotide base pair is nmaxinally
exposed, [00Hi]| e t heHdae 2 (BEpresents the angle at whi@h the bottom

nucl eoti de base pair is nmaximlly exposed. Line 3 represents the angle at
whi ch t hie0tghace beﬁ%een:gjhu&@e¢@bde base pairs is ma@)mal |y exposed. Angle
"a' is equal to angle "bb, which is approxinately 17 degrees FIG 8b is the
f ront V!@Mﬁmaj or &f,&»@vfu fnu}nvt\%r 8{"8 rtelnc(:jees ol%%%see Filrll Iragsﬁaon? edlbrgl tEIeG 8a.

FIG 8c i surface
number of binding sites. In a highly conserved site, the value returned by equation (3) will

be nearly zero, and the change in information shown will be around 2 full bits.

[0018] Schneider showed the presence of two peaks in most binding sites that are
about 10 base pairs apart. These peaks corresponds to one DNA helix turn, as well as the
locations of two consecutive major grooves on the DNA double helix. A detailed diagram
of a sequence logo together with its derivative sequences and explanatory notes is shown in
FIG 5. Although the sequence logo improves the DNA representation over the consensus
sequences, it suffers the same problem of rigidity of base positions.

[0019] In short, the existing DNA sequence representations represent DNA
sequences at ‘mono-nucleotide’ level, i.e. representing nucleotide base pairs within any
DNA sequences as alphabets (consensus sequence), numerical values (consensus and
weighted matrices), or graphical representations (sequence logos). By virtue of their
reliance on representing DNA sequences at individual base levels, DNA binding sites
prediction programs that employs existing DNA sequence representations have yielded
disappointing results. For example, current promoter prediction programs based on the
aforementioned DNA sequence representations generates about 30% - 40% false negative
predictions and about 45% - 60% false positive predictions for human genomes. See,
Duret and Bucher, Searching for regulatory elements in human noncoding sequences,

Current opinion in structural biology 7(3): 399-406 (1997). The performances of

prokaryotic promoter prediction algorithms using the same DNA sequence representations

are equally poor. See, Vanet and Marsan, 150: 779-799 (1999).



charge view (front view) of two nucleotide base pairs as shown in FIG 8b.
FIG 8d is a surface charge view (front view) of two nucl eotide base pairs
as shown in FIG 8c with positive and negative surface charge areas

hi ghli ghted. Di agrans were generated by WebLab ViewerLite 4.0. [0053] Then,
an array of 3 boxes ("Surface charge ndows") are used to indicate the
positions of surface charge areas that are thought to be inportant for

prot ei n-1BARI | nt er a&qrﬁqrfatthqrhes alulmm@m‘eeomeedéo dleédep azevshothedifor PN&. 9. FI G

9 shows the surface har Vv Qur t een
possi bi ceui e HueREGeFHRh B S ARt e Palse Pl Romt iy Gl Ruda 88

~di - nucl gatticial vélﬁmed to%ﬁo&&ﬁseqﬁ@fcleThﬁﬂﬁ%ﬁBh AtisPiS thid heed B disulesingod | de’

| evel surface charge representation consist of an array of three integers,
where 1 Wethed ©f Q]ﬂgtseﬂh@cﬁ reRtessstation b vying Db isurfoed ghasgrmpafieras o ¥ om an
am no ac L8 N rows)
and Mer@%&}bﬁleo%gﬁég&bﬁgﬂﬁﬁ%ﬁ:ﬁﬁ @P%Cgl on vmgﬁﬁg\é%%@?é&velﬁlgﬁwegp&l ([)mfrom
an am nobeapipdrenswitbrefpeasd 1l the dédhikgl desmripione gener at ed by WeblLab ViewerlLite
4.0. The width of the first and | ast of the "di-nucleotide" surface charge
w ndows are |arger in conparison to the one located in the mddle of the
array to conpensate for great ged atons due to bend of
DNA helix i ncI udi ng tw sti ng,gﬁlflﬂgl\"gg andﬁgrﬁtgﬁlg as shown in FIG 10. This
results in “di-nucleotide' |evel surface charge representation consisting
of an arpeajof 3 iThegesst idfendas broviddshemenod oﬁDNAl%ec}&nﬁ@S@iré%EﬁtaM

“di -nucl eotide' sequences, nanely AA, AC, AG CT, GA CC,
GG, GT, Dyasingsuripee shargepatt efﬁ% W%@Oéﬁwrg@f Fhsrmr@@éhtna@mm the mgthod

“dinucl e I 4 y of
surface %&lﬁﬁ SSSS rtg%?éggﬁ% I 0 at (&hélﬂl ga?nlglc\g%eo% %ﬁ d r%@@ e%t‘[%ongSHQ f
Neucl eotnuwtkeotide base’s,INC B, -NS;LNI ac, cNarge the ftdReprdseof ticimiclestide bases of

4NUf:I e%%&égg&%ﬁg Wheéelllil m%%hn%r@ e%tl Regqsgssg@gtaea I:f%?q thAeAg]jo;lp 9&9'}6‘1 1 A
lTAl ’ land AGEaR ‘dpnuclélt)t-ﬁgﬁ Gnto ejve{:y ﬂﬂe%cbeo@de e&t o8 ‘glapthe Mgfzuegce 1171

, D, 0056] W a sequence be repres y Its surface charge
patter n lbaosb@lrapmssnmeﬂéwé\hchi&Ngé& NeDs @sevt-Mi NansNati NxheNx Nprwheneio Naqt | de'

and " di - cI eou de' vel,s above. . FIL G i llustrat e

t ransf or 2B @fm?fl % §8% (‘h&‘?‘ﬁ)m‘?pn?fdfﬁ" é&i ﬁa&béu@h(;fgg(gé’ &1]’ CT,

representGAl G@DGG, GT, TA, TC, TG and TT; and substituting surface charge patterns of each
nucleotide base and ‘di-nucleotides’ with the DNA sequence N; N;-N; N; N,-N3 N3 N3-Ny

Ns ...Nxa Nx1-Ny Ny; thereby the DNA sequence is represented by a sequence of surface
charge patterns.

[0022] The present invention also provides a DNA sequence represented by a
sequence of surface charge patterns. In one embodiment of the present invention, the DNA
charge sequence includes surface charge patterns of each single nucleotide base and “di-
nucleotides’; wherein the each single nucleotide base is selected from the group of A, T, G,
and C; wherein the ‘di-nucleotides’ is selected from the group of AA, AC, AG, AT, CA,
CC, CG, CT, GA, GC, GG, GT, TA, TC, TG and TT; and wherein the ‘di-nucleotides’ are
inserted into the inter-space between two adjacent nucleotide base and consist of the two
nucleotide bases abutting the insertion point.

[0023] The present invention further provides a method for identifying a DNA
binding site by using the DNA sequences represented by a sequence of surface charge
patterns. In one embodiment of the present invention, the identification method comprises

the following steps of aligning at least one known DNA binding site sequence, wherein the



[ 0057] Thus far, the principles of the DNA sequence representation by using
surface charge patterns have been illustrated by enploying integer value 1
for areas that are negatively charged and 0 otherwise. It is to be

appreci ated that the surface charges rt?y be divided further into nore
groups, e.g., according to the charge types, and the representati on should
not be limted to using positive integers. Furthernore, the size, shape or
posi t i oratdéasgoné doews RN evindingsite sequamncé & iemcntaﬁfoyfmeqpmmeedfrsudmc

i nteracti,on ar al so vari abl i on assign t, val ues, t

Sur { no SRR Bo e St s B PrdereY A0 st FOTRideBse 8y (o -
posi ti V%Lwldéﬂaéﬁeﬂh@éﬁfth@éach@ﬁxgw el dP beXeq Eel@sied fRemrthé@lolip b¥ AL T, Gnt er act
to negatively charged atons of the binding protein could also be

consi derad. C; [wb@sl]n ﬁlfh edirmigplenbidess de srlented freprtbs @mU@t Qfa‘hAbg‘}xCu A@pATuENace
char ge n t I | us
ot oot PG EonGru RRGe B ILrARE TR 0F ribecin WUSHEANIRRAGL A o o

of DNA sagiRdGe® tﬁamtaespaaedemen oo tatifa¥erdiiiclebBdd bise A cbhgistiofghsites. The
identification and prediction can be acconplished by many methods including

consensubicltide bases ahuttingithmninsartioatnoiete dedieingaeepesnsus gerterentatiordihe i on
met hods g %\&} geinods o Nk Br%fu?;_lefs t@tsgéﬁénggn&?d c@rﬁg rﬁ% | Ui %OB { he
es Sl

present entlon prOVI eS a Ton o a sur ace Charge
consensusqo@idei withothe dmmtsd:ﬂs)aé pepetserita i ﬂhbfe@y Nie salbm th[e OGEkAp wiNoIAN A
referring to FIG 12, e initial step for predicti entlfylngBﬁA
bi ndi ng sgﬂv%ebrﬁsq%blﬁ@ ehEOTSERTUS JEPTRE L SR e dl Fh%(“lid%n Mver t

DNA sequgpg U OtSilak ha &epresentations. Then the consensus

matrix i sao‘ﬁég? ne@0 %M uPat Er%%lof t he average of each colum of the

array of[0024] eger s. T}anrbjﬁmarmhmad ach&nmlgewmf the iltedid® will beGme apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.

Brief Description of the Drawings

[0025] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0026] FIG 1 illustrates an exemplary consensus sequence and its derivation from

the alignment of multiple sequences.

[0027] FIG 2 is the IUPAC code table using specified characters to represent the
degeneracy.
[0028] FIG 3a shows an exemplary alignment matrix, where each cell of the matrix

corresponds to the raw frequency of each nucleotide at each position in the aligned DNA
binding sites.

[0029] FIG 3b shows an exemplary weighted matrix that is obtained by the
transformation of the alignment matrix as shown in FIG 3a.

[0030] FIG 4 shows the calculation of match scores of the Test Sequence using a
weighted matrix from FIG 3b.

[0031] FIG 5 shows a detailed diagram of a sequence logo together with its

derivative sequences and explanatory notes.



the matrix value of the first colum of the consensus matrix (cell b7) is
cal cul ated by the average of cell b2 and cell b5. [0060] Still referring to
FIG 12, after the consensus matrix is established, the score of each colum
of a corrparl ng sequence is obtained by nmultiplication of the conparing
sequence's array cell with the corresp%ndl ng cell of the consensus matri Xx.
For exanple, for calculating the score of sequence seg4 at cell b23, the
mul ti pli©e3Zon of k&S 6&3@2hdvssw&ctwhargdevwsmttmmcemnqlmiﬁo’ridveﬁg cell of the

tri l, k7 he t f i
Coooenougell o (b Tl e el G RIS 2
Tot al Sc&[iﬁsérggﬁoﬁgq4 is the summation of the values fromcell b23 to ag23,

which is 14.0 as shown in cell ah23. The maxi num possi bl e score for any
sequencel0P3] t he sulphtist $aod sladw aurface gharee viewstah&ivwalsetididevght ri x. For

var ues PR carl ot o S TF b, BV SRRIEEE (el SRR oy

FI G 12. rEhesé&ltaisimk. t he score of a conparing sequence to the maX| mum scor e,
the nmore likely thIlqproteln that binds to the sequences that constitute the

consensul03ght ri x Wi 1Gsheavsesix (Oh avays HgaPNyb @@éﬂge‘h?@érs For the sequences in

Seqn i (BOFE Scor eI i R BB Nr {08 Robindiin G sk Biat © ©' ™

Exanpl eSre[)&@ﬁﬁemoﬁhe followi ng non-limting exanples are provided by way of

illustration of certain aspects of the p resen}~ i nvention. gggGS To test
the ef f 938 eness us? nio¥ie theirsoqRRutaHaR gel pOFeST ASHIgL SUsERe ath¥Ec ¢ o
predi ct/j, fé@éﬂt%tYo DNA bi ndi ng sites, actual DNA sequences of known DNA

bi ndi ng sftes "Cctaner-Bi nding Transcription Factor 1" (PDB id: 1 GU4,

1 GUS, J{OGEBW 1 HBBG bhshowsAddultsnl fack dnifBiasthi fog“ Gctemer-Birdatgalraffebption: 1
GIQo 1 1 HFQ 2 re obt ai ned for RCSB Protein DataBank

(http:// célﬁmg%ﬁ%ﬂi ce ChaBRIPPreASM AWy par at i ve control, a consensus
sequence[oy\@ﬁ fir StFMﬁﬁ@rsﬁb% r@ﬁﬁ%dofojlck h&lﬂ%%b&@'fo%ﬁé@ﬂ%ﬂ&ﬁér B'nﬁddx@er eis
no consensus at one position, the position is represented by "N
consensu%romBeﬁaéesngmﬁsuh@cmeIleawa@matmquences wer e gener at ed by
inserting at the "N position a randomy selected nucleotide (A, C, T or G
vvith equal probabilities. [0065] Table 3 displays the Consensus Sequence
for "COctamer-Bindi ng Tr angetdiRAIPRcFpadR of the InRerktiols 4 and ni neteen (19)
random sequences RandonfO - 19] that 14 were generated by using conserved
nucl eoti de bases in columms f, h, i, j and k, and either of the 4 possible
bases i nj004#} rest Tlic piesent ghventisn malydreainderstudtd mars neadifoy yeferenes tattbe wit h

| b | i 006 b S f
ecC]Jt:J?arrer SWh}grfgelta?@gﬁ%‘%‘ﬂ 3%?8}% qf%&qu%%g&%ég d ugll%(éﬂe‘nsog e, g, j) 1 row
5 ~h~ 042] ~a1GTUMADT J\Q gﬁl catidds Wher%gp’ﬂﬁléhtlﬁnéﬁr@ re@rénédd, Ae’ T C

C T1GUBAT G ATTGG CC 1H88A: GG A TT ! G CA CAT
Csensus @iscloamesedf these wblrmlor@arwhweby mormrmﬁémaﬁ@mcc; 1A1th@1r eI C G G

TRandon1A T TTT.G .C _CC: ndon® G C ndonBA!l A
A ATT ' G 1gatonpin, Q’?%ﬁa gﬁ %ﬁ‘&;%ﬁ 8%%;6 i ﬁ@%ﬁ&éﬁ’é@ TTT
IGT A 'FtaﬁasC GRandonbAC A ATT "IGA ACAAIT GA T ~Randon?AA C GITG G

AC: TAA G T GRandonBAG C CTG .' G C GCCAIT A T TRandonPAA A TTA ' I G T ACCAG A
T GRandd§48N G A CPNACPIPEsiIT Anteraptionscma trserdimensonairmamtyre: Gk binding of

T T TRandoaiar R Wl sepf R iR Bidflne ek oo stfbpe-shey 15
C A C GRavothiisliaApecific €ec'5nd§i*y'5nd&rﬁa@tru%ralioﬁfo’fm%mjQllild Ay 'everArdguite | T G

'"GGGCTA! T C A GRandonfl8A,': A G CT A ecyec CGGRan%(NTIQQ A G
G 1T ' . ANA digogiopsfo allpw)closg interaction between the molecules of the proteins and

binding sites. See, Branden and Tooze, Introduction to protein structure. New York,
Garland Pub (1999). As defined herein, the “DNA binding site” refers to a DNA sequence
that can be specifically recognized and bound by a protein, a peptide or the like.

[0044] As discussed above, existing representations for DNA binding site are based

solely on the order of the nucleotides found in DNA sequences. It is apparent that these




[ 0068] Tabl e 4 displays the Consensus Sequence for "CAAT/ Enhancer Bi nding
Protein Beta" in row5 and the nineteen ( 19) random sequences Randon{O -
19] that were generated by using conserved nucl eoti de bases in colums a,
e, g, J and |, and either of the 4 po?éi bl e bases in the rest of the
colums, wherein each was randomy gererated with equal probabilities.

[ 0069] Tabl e 4. Consensus Sequence for "CAAT/ Enhancer Binding Protein Beta"
[0070] methbdnras anoeves-sooplifeationtpf & gomplex ¢hree-dimengionat proplen., It is' welk-1

GGGATGC , TA ' . A T G 1HEU 'AA A T GILHF TTCAA A T.Consensus se
uenceNNNIIE™ th%ﬁlnf’gﬁ@ﬁ H’oeﬁ@%ﬁ‘@gz 1%“&%"’&%%%@@?@%‘%&3 rogen
GRandon2Re@AGhMer WaalEaEQBEATACIRdatdl BondFdRmiad WEBALACGhind acidofl "

G RandombGTOGGC GA A T ' G Random6GAGCACTA | A T GRandomPATCTTC CA 'A T G

wRandonBATEEEENA baserpairs o inisdixTANES. dYost inteTactoma agaisaeatamognin. A T

GRandomL1ATTCGCGA ! 2CT. CA. . AT nd CT. TAAT

G Randorbh R o pe A e BENA ThaY e bR AR e A .
T G RandgatiodZ&TACo dubfiod ol proteimainetird S¥Ew Gk, Galand Rub (1990RaNG6sHB] G5CGTA A
T' d [0071] Then the Jack knife test was used to test the effectiveness

of usi ngtlt-hemine fasidbasrigeryatonsr i tupp-dimpruenadnanadype oofi e9tPideRNA y DNA
oS g he o O P . f P ot 19
D L

gener at egebyf ohdrgéd g DA Biadimg sitiNAedvignitiong ase gpuatiction vhaneite Hehmoesri tt ed
sequence woul d be testﬁg, rmn%@éhe random sanpl es, as shown in FI G 13.
Si mi | ar | 4PPIRIE BR8 dRslpotine ainhaRets frepresenihrpnenHawe st Biendicmptpist d2¥e Bet a”

were ge in: .
resul t (I}]?er elt% e te gg?a rgfﬁfeg{:i{y??rgr% ?@1‘3?% | a%é%ﬁ%tg g%ﬂnddélgg{ %egqup%ﬁmgﬁtfndi ng
sequenceshargks haee fomeet] om loe posifionsesfodhardedtdtiems esthe, ‘nome-micldokide’kleveln DNA

bi ndi ng sequences (* *) was,left out in the generatjon of consensus. matriXx.
The restreaﬁﬂ%_@%ﬁ chsoh Bickd ?F@naéle&hghcgeau?nge-%Flé‘l%&%%sne%org%ﬂ@?@é% the
consensus:]iaBl hlicfeic HARISI RS Pldidiat, PRRICAS U AR 1FEE MREE doaed gbe (3om)e al |
test sequences. The tabl'es are sorted 1n descendi ng order of the Score

col umms . Brihdenrdnghieoze, Hatredustien ta preteimsteudhirk SNew Yok, Seaylasa Peb (99D bind to

t he proteg] For ST | Si ng.existi represe jonof A C T and G 1
165 s DOBked 6t hISRIESh A1 e BT SHB SRR OoL RO CoRRBIENES Fepriseifon

gener at egl; usiﬂ%sdrﬁ&é cBAgs ?Q@&ﬁs 4 ‘dinbdleotRRMRvEE OWRSle (IRPPdEcht irkenfon wAI 17]) .
However, in the sane test, using the surface charge representation of the
present Ysavkenideoificatiog @ WA randieg silestasancexhaplasy applination of & o ANl y one
random y_generat ed .i es equen Thu he u f e.pt >
surface '€ ﬁraeF egné[gtﬁoenp rl{e 1sse{r(l)tg gg%re%%?ﬁgt?l grrtgglebz}éjtp?1 8%“%%%3% >8< i %I%T;&nbe%re%gﬁﬁﬁgn

r epr esenhéathb® isscldsedheles indidy HubardhoPRsaed $oir deheprediafige ah@REQRABE at | on
were consjistently better than existing nucl eotide based representations in
all the aliggment. 35 shown in FIG 13. [0073] FIG 14 shows the result of the
test of T/ Enh . Bt ndj i N (WaTe) imlar
to the ey or SEEl it ClgBl Eh e Shice Mtef LA RO (R INRRE Rl
above, sepresdnegionsihery i peovideairobiel desuription of Harigeion e swsertchbigo paterne
consistent|y. hetter thgp exi sting representations in all the tests. [0074]
It ist Obéldé‘ﬁ‘g‘%aié}l‘aﬁ‘@ ®$hat while the surface charge patterns for single
nucl eot i and dippucdeftifssifbRA ik -atd vel i L MhgaisHr f ace
char ges [g?ﬁg he maj or grooves o% t he rlll}gﬁ%gg?llﬁsldée&g,t}{?ﬁ%ﬁg?sﬁg?pﬁles 0 aJtﬁe

r epr esergrooge af Dh&\ BNdudnuleblelixsi Aeg, iBrandemr drak & ootxarigeogaitioartaspratedn not so

 nvent 1 OHEEREE ey gk rab ot (sPPua TPt 456 Rsti G ke bt hibves of

the nuclggbl §RJveBfed AR ANERUDotAB Bl BB, thel 1RYS p&it id iRt F&ES SidhdRS: thé 0075]
Wil e the "present invention has been described with reference to particular

enbodi mamejsr giopvewf the puclaptddsr base palir ishmeximhlly exposdd ndd6S Gardeshiow diftereat i ve
and that_.t he jnv Lon sco is not so bimted. Alternative enbodinents of
The procdrtSphAVETT bR B G aB o ot = §Op wiskbSEATH bt aBE REFPREL | |
in the aftwtwithakighoft RET Pagspdlt rotaredntbiyaeldagatidiuAs vieh 6h Mdjbe GRGdWwR; c)
enbodi nents are consi dered to be enconpassed within the spirit and scope of
the presunface ghaae view (et vicd) 9§y T ben paisangd) Surfaerchsresaw (frapkYievbn i s

descri bed by the appended clains and is supported by the foregoing
descri ption.




17 CLAIMS What is clained is: 1. A nethod of DNA sequence representation by
usi ng surface charge patterns, conprising: obtaining a DNA sequence
represented by linear nucleotide bases, N1 N2 N3 N4 ...NX 1 NX, x = the
total nunber of the nucleotide bases of the DNA sequence; wherein N is any
nucl eoti de base selected fromthe groJQ of A, T, G and C, adding

“di-nucl eotides' into every inter-nucleotide space so that the DNA sequence
may be rwejth peﬁ'tit/@ahcblyegﬂﬂivé\lﬁurﬁﬁe NRaryZ -abds NazhNghtsd. Miagrambbéete dbnetatddbNX,
wherein %&%ﬂ N% -nucl eotides' selected fromthe group of AA AC,
AG AT, Vi GA GC, GG GI, TA, TC, TG and TT; and substituting
sur f ace LR patAﬁéﬂﬁe @ﬁrf&%%ﬂax%%?@ich%cfé@ﬁ@e Qr@quev&gd e@‘FIGQQlt hfl@fay W th

t he DNA sequence N1 N -N2 N2 N2 NX" NX; ther eby
t he DNA ofelomes é“Susfapeplmg@mreldwby) ae sexiuengdicaé thmrorsmoes oﬁm@ee pharger ns.

2. The DNA ta 1 f
Char oo PehsaR RO SuLER0 87 bt B dRor D RACE SeBon ar  ShSod ahdlCoritel L 27 o
char ges [glcltdi@ho®h iR FIGIOONL&IONINB® SFARE St ShasCivafloivdgs BRASRINB bR N i ts

correspondlng pair; and wherein the surface charge patterns of each
* di - nucl assigherban 1@¢@Td’éhie\ﬁ§d for opgativelysehat gadearedsaar dbetherwiseh el ey 6hows oove

Cl ai m 2. Ak s SiRs SR e visha BRI RSS A TRBR TR B g &

pl ur al i thasehaiti(rfdows )t G-¢ maserrpalr P @ropvad TR bdse parqh’ $i°ngliegabial wisk i de
base or the each "di-nucleotides’ and assigning with each w ndow a val ue
for the Yrkcgechaygresvindrivoand theipgssigaed omoppausieetide’eleygh sydaceorharge each
single b e ace
charge papiesuths Piiihs bR ERGead QUG BPHRH 1o LETTRPYHIE SHEL IO,
val ues okpichentativarag ehel ‘y@s-mokbtde’ ileved Bsubingsizod nt”ﬂﬂ)lslurface charges of the
najor gr oove of the each single nucleotjde base or the ea

-nucl @S des' . Talgegl. THEWPNK SEguHAt: CP%r;gPe@amsa@%ﬁn ﬁéﬁh%dnt?rnou ai m
3, “heréhﬂkkﬂﬁ’%¥ﬂ§0|s may be positive integers and/or negative integers
and/ or deci ma A DNA sequence represented by a sequence of surface
char ge nmnmmrns |nclud|ng surface charge patterns of each single nucleotide
base and " di - Ieotlde base is
sel ected fronlt “dinucleotides' is
selected fromt CT, GA, CC, &G GT

TA, TC, TG and A—the \Eltu 1||u%| eagtt+des—are inserted into the

i nterspace betweenm tgo adjjacent nuch oty e bgse and Ttonsi st of the two

nucl eoti de basgs abUftiNg [The I Nsergpon oglmq 6. T1he sequence of claim
5, wherein the surface charge patterns of each single nucleotide base are

derived fromthe surface charges of the naj or groove of the each single
nucl eot i [de51pase wi Ndvmdfemingmm FESPEadi argl ahere isapﬂvid&dradirieftdlaﬁ:ripﬁoﬁ afe

char ge tterns of ch _di-pucleotides' are deriv t he surface
char gesp@% demivatio; of rﬂ?f'g%mc £¢ Ratteant# tha.flrm@[e@eﬁ 1. To determine the

surface atomic charge patterns at the ‘di-nucleotide’ level, the DNA structure is rotated
such that the spaces between two consecutive DNA base pairs are maximally exposed,
which is about 17 degrees angle rotation from the plane that maximally exposes the major
groove of the first nucleotide base pair as shown in FIGS 8a-d.

[0052] FIG 8a is a top view showing the rotation angle at which the major groove
between two consecutive nucleotide base pairs is exposed. Line 1 represents the angle at
which the top nucleotide base pair is maximally exposed, while the Line 2 represents the
angle at which the bottom nucleotide base pair is maximally exposed. Line 3 represents
the angle at which the space between 2 nucleotide base pairs is maximally exposed. Angle
‘a’ is equal to angle ‘b’, which is approximately 17 degrees. FIG 8b is the front view

(major groove) of two nucleotide base pairs as shown in FIG 8a. FIG 8c is a surface



7. The DNA sequence of claim®6, wherein the surface charge patterns may be
derived by applying a plurality of windows to the nmajor grooves of the each
si ngl e nucl eoti de base or the each "di-nucleotides' and assigning with each
wi ndow a val ue for the charge types and/or intensities of the surface
charges of the each single nucleoti de Wase or the each dinucl eotides',
thereby the surface charge patterns will be represented by a string of
synbol s e¢lepgeviem (frogt vieav)vdfl twosnusieotide beseapajes asyspewnandior8h. nkkn8d t5 @s of

or Cthe. caitfeS ARASE Sigh (fif oG or W8 ARlabled in GRS et i B HGRB Wt The
symbol s paytiRealPabiithe SHRIISr@NHeaS hiBUiBhicde Difiraa8 werdneFatdiesy Nal s.
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of artificial intelligence. 14. The nethod of claim9, wherein the
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to negatively charged atoms of the binding protein could also be considered.

[0058] The new DNA sequence representation by using surface charge patterns
will have many applications. As an illustration, the present invention further discloses that
the surface charge representation of DNA sequences can be used to identify and predict
DNA binding sites. The identification and prediction can be accomplished by many
methods including consensus matrices and weighted matrices of charges, pattern
recognition methods and methods of artificial Intelligence. As an illustration, the present
invention provides a brief description of using a surface charge consensus matrix to
identify/predict DNA binding sites.

[0059] Now referring to FIG 12, the initial step for predicting/identifying DNA
binding sites by using the surface charge consensus matrix is to convert DNA sequences
into surface charge representations. Then the consensus matrix is obtained by calculating

of the average of each column of the array of integers. For example, as shown in FIG 12,
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example, the Total Score for Seq4 is the summation of the values from cell b23 to ag23,
which is 14.0 as shown in cell ah23. The maximum possible score for any sequence is the
summation of all values in the consensus matrix. For example, the maximum possible
score for any sequence is the summation of values from cell b7 to ag7, which amounts to
16.5 as shown in cell ah7 of FIG 12. The closer the score of a comparing sequence to the
maximum score, the more likely the protein that binds to the sequences that constitute the
consensus matrix will bind to the comparing sequence. For the sequences in FIG 12, the
protein that binds to Seql and Seq2 will be more likely to bind Seq4 with the score of 14.0
than Seq3 with the score of 11.0.

[0061] Examples

[0062] The following non-limiting examples are provided by way of illustration of
certain aspects of the present invention.

[0063] To test the effectiveness of using the surface charge pattern representation
to predict/identify DNA binding sites, actual DNA sequences of known DNA binding sites
for “Octamer-Binding Transcription Factor 1” (PDB id: 1GU4, 1GUS, 1GTW, 1H88) and
“CAAT/Enhancer Binding Protein Beta” (PDB id: 1GT0, 1HF0 1, 1HF0_2) were obtained
for RCSB Protein DataBank (http://www.rcsb.org/pdb/).

[0064] As a comparative control, a consensus sequence was first generated based
on the actual DNA sequences. If there is no consensus at one position, the position is
represented by ‘N’ in consensus sequences. Furthermore, random sequences were
generated by inserting at the ‘N’ position a randomly selected nucleotide (A, C, T or G)
with equal probabilities.

[0065] Table 3 displays the Consensus Sequence for “Octamer-Binding

Transcription Factor 1” in row 4 and nineteen (19) random sequences Random[0 — 19] that
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[0066] Table 3. Consensus Sequence for “Octamer-Binding Transcription Factor
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[0067]

columns a, e, g, 3,1

al A 7 clilclel c 6 Adal' T ¢ c T
AlA T A TJ6l ¢ G AlAl T c Cc T
al T 6 A TGl G ¢C adal c A c A
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[0068] Table 4 displays the Consensus Sequence for “CAAT/Enhancer Binding

Protein Beta” in row 5 and the nineteen (19) random sequences Random[0 — 19] that were
generated by using conserved nucleotide bases in columns a, €, g, j and 1, and either of the
4 possible bases in the rest of the columns, wherein each was randomly generated with
equal probabilities.

[0069] Table 4. Consensus Sequence for “CAAT/Enhancer Binding Protein Beta”
[0070]
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[0071] Then the Jack knife test was used to test the effectiveness of using the
surface charge pattern representation to predict/identify DNA binding sites. For the
simplicity of comparison and verification, three consensus matrices for “Octomaer-Binding
Transcription Factor 1” were generated by omitting one actual DNA binding sequence,
wherein the omitted sequence would be tested among the random samples, as shown in
FIG 13. Similarly, two consensus matrices for “CAAT/Enhancer Binding Protein Beta”
were generated and tested as shown in FIG 14.

[0072] FIG 13 shows the result of the test of “Octamer-Binding Transcription
Factor 1” DNA binding sequences. As mentioned above, in each of the tests, one of the
known DNA binding sequences (**) was left out in the generation of consensus matrix.
The rest of the known DNA binding sequences (*) were used to generate the consensus
matrix. The resultant consensus matrices were used to score all test sequences. The tables
are sorted in descending order of the Score columns. The higher the score, the more likely
the sequence is to bind to the protein. For TEST 1, using existing representation of A, C, T

and G, 1H88 was ranked 6th, but indistinguishable from the other 5 randomly generated
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test sequences with the same scores (Rand[1, 2, 6, 12, 17]). However, in the same test,
using the surface charge representation of the present invention, 1H88 was ranked 4th and
had similar scores with only one randomly generated test sequence Rand5. Thus the use of
the proposed surface charge representation performed better than existing representations.
Searches using the proposed surface charge representation were consistently better than
existing nucleotide based representations in all the tests, as shown in FIG 13.
[0073] FIG 14 shows the result of the test of “CAAT/Enhancer Binding Protein
Beta” DNA binding sequences. Similar to the results of “Octamer-Binding Transcription
Factor 17 as described above, searches using the proposed surface charge representation
were consistently better than existing representations in all the tests.
[0074] It is to be appreciated that while the surface charge patterns for single
nucleotides and di-nucleotides are illustratively derived from the surface charges of the
major grooves of the nucleotides, the principles of the representing a DNA sequence by
using its surface charge patterns are not so limited. The surface charge patterns that are
applicable in the present invention include, but are not limited to, the ones of the minor
grooves of the nucleotides and the ones of any other views of the nucleotides.
[0075] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.
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CLAIMS
What is claimed is:

1. A method of DNA sequence representation by using surface charge patterns,
comprising:

obtaining a DNA sequence represented by linear nucleotide bases, N; Np N3 Ny
...Nx.1 Ny, x = the total number of the nucleotide bases of the DNA sequence; wherein N is
any nucleotide base selected from the group of A, T, G, and C;

adding ‘di-nucleotides’ into every inter-nucleotide space so that the DNA sequence
may be represented by N; Nj-N; N, N-N3 N3 N3-Ng Ny ... Ny Ny.j-Ny Ny, wherein Ny (-
Ny is any ‘di-nucleotides’ selected from the group of AA, AC, AG, AT, CA, CC, CG, CT,
GA, GC, GG, GT, TA, TC, TG and TT; and

substituting surface charge patterns of each nucleotide base and ‘di-nucleotides’
with the DNA sequence N; N;j-N» N3 N3-N3 N3 N3-Ng Ny ...Ny1 Nii-Nx Ny; thereby the

DNA sequence is represented by a sequence of surface charge patterns.

2. The DNA sequence representation method of claim 1, wherein the surface charge
patterns of each single nucleotide base are derived from the surface charges of the major
groove of the each single nucleotide base within its corresponding pair; and wherein the
surface charge patterns of each ‘di-nucleotides’ are derived from the surface charges of the

major groove of the each ‘di-nucleotides’.

3. The DNA sequence representation method of claim 2, wherein the surface charge
patterns may be derived by applying a plurality of windows to the major grooves of the
each single nucleotide base or the each ‘di-nucleotides’ and assigning with each window a
value for the charge types and/or intensities of the surface charges of the each single
nucleotide base or the each ‘di-nucleotides’, thereby the surface charge patterns will be
represented by a string of symbols representing the values of the charge types and/or
intensities of the surface charges of the major groove of the each single nucleotide base or

the each ‘di-nucleotides’.
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weighted matrices, weighted matrices of charges, pattern recognition method, and method

of artificial intelligence.

14.  The method of claim 9, wherein the consensus representation is a consensus
weighted matrices of charges so that the closer the summation score of the unknown DNA
sequence is to the maximum score of the consensus representation, the more likely the

unknown DNA sequence is a potential DNA binding site.




