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FIELD OF THE INVENTION

This invention relates to the field of computer modeling and simulations. In
particular, this invention provides novel methods of populating data structures for use in

20  evolutionary modeling.

BACKGROUND OF THE INVENTION

There is an extensive history of the use of computers to simulate and/or
investigate the evolution of life, of individual genetic systems and/or population
genetic/phenotypic systems. The motor propelling most artificial life (Alife) simulations is

25  an algorithm which allows artificial creatures to evolve and/or adapt to their enviromment.
The fundamental algorithms fall into two dominant categories: learning algorithms (e.g.,
algorithms typified by neural networks) and evolutionary algorithms, typified, for example,
by genetic algorithms.

Many artificial life researchers, especially those concerned with higher-order

30  processes such as learning and adaptation, endow their organisms with a neural net which
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1 -~ 5 AUG 2003 3271. 002WCOyserves as an artificial br-a‘i n (see, e.g.,
Tour et zky (1088-1991). Neural Information Processing 'Systens, volume 1-4.
Mor gan Kauf mann, 1988-1991. Neural networks are |earning al_g%ribErTg@ They
may be trained e.g. to classify inages into categories. A typi cg t ﬁ S
to recognB2A.0@WO0ch letter a given hand-witten character corresponds. 5
A neural net is conposed of a collection of input-output devices, called
neurons, WGk Al S RARItEaM (18, dg.( Toeblzky CTURBEISOEH NeR ] foknarhdar Prakésyirighe
network is organized into layers: an input |ayer which receives sensory

i nput, any Shuers volymesod Jdbraan Kayfraznen 1 948y E¥Y - Wfaued] nglyarksy sredensniagt ual
conput ati ons, .and out put .l aver L ¢h. kepor 1 he t -

conput at | o EorEy nthel Wbt he R &' U BRES bbb, 'K e BERE 0, o
10 the conagebhies o WhichedRr hhbrentufidagiten chdtecteedorredpumdot her naj or type of
bi ol ogically 1 nspired fundanental alqgorithns are the evol tlonar%/

al gorithms. “ Wi | e | edrPaur] netis cempesed of 2 gollection of INPHEPHBRILSYIcgs called

met aphori c I L., L di iﬁ&lﬂd A erTall :

evol uti ona?lgﬁréflsggf}? ?ﬁ%g%r agl?zlreﬁglg?gg%tﬁ gséﬁ%\éltg%ﬁtgﬂg%/y C aaH ein “;’g%df ations
of indivi dogganizeRéntaldyess: o inpatifagtr witls received sensayanput, iy alunber ofwoscatiad e
only recently, gai ned wi de gcceptance, in academ c . and j ndustrial, circles.
Evol ut | onawdapgqymmh Rdogu e Aait R compRfations, and 4R opput Y sroviFl Fapgs e |
referred tQ.Qfs af tHIS &k Rns. Tﬁ?ﬁ@gﬁ SurSMRIWE AR Vel diRtihg BB strengths of
traditiona ?y %egl ns wth a populatTon of randomy chosen individuals. In
each géfier dhé omnettivas betlieen thealesrohs anthemet. anong t hensel ves to sol ve a

posed problem |ndivigdual,s whic erf.orm.rsel ativel | | e |l kely
to "survive" to the UL WAL TYRGP W%@ﬁiyuﬁn@?%%ﬂmﬁ%nﬁnﬁé%}é%%%% i on
may be subi.smbiohdsyal s. WS RAHImLiprot &8és (@125 netufal hdteoflsy areithduipHoSically

correctly set up, and the problem.is i1ndeed one_ subject to solution in
thi s mannerbased@mleamingyosessasan ingivigead eegsgismspevolyinsary-algesihugs are ingpited;by

sol utions qf j ncreasi LItV . 3 L ry.-akaorithmis
t he geneti & Vgug%??r?%bng%‘eqlg%Oggx%ng:ag@g%p@é}%‘gné%f %@%}‘Qﬂgﬁlg t10n in
Nat ur al15andigyrithing Baad onBy sdceiy gdilddweids atoephince M athdaaio aRd arimstii@l&Grcles.
Reprinted by MT Press.)..The genetic al gorifhm is widely used in.,

practical contexts (&¥phutionapyigqrihms W&?&%‘?_lﬁ&?"aﬁﬁﬁa‘g% Fato 43 pically etc.).
|t 15 part i ERRARkY as X‘Réé{;z;&ﬂ&?t. olifdst %mﬁeﬂady@g%gﬁwh%ﬁommgﬁewm on

space i s discontinuous rugged”) an poor erstood. To apply the

geneti ¢ al gmputation obreadoiely cheserlindevidmispiln gadhrgemeration, sbe individeilysompeteer

\r/rngleﬁ gl nt Oangor}fg tﬁglglse?\];es(tg égﬂ/e lzglpgsc tprr(l)bqgr%. sgdigﬁ'dug]i:1 & ac%tpeerrfo%l%lgg%}ly wall %1_82) a
20  more likely to "survive" to the next generation. Those surviving to the next generation may

be subject to a small, random modifications. If the algorithm is correctly set up, and the
problem is indeed one subject to solution in this manner, then as the iteration proceeds the
population will contain solutions of increasing quality.

The most popular evolutionary algorithm is the genetic algorithm of J.

25 Holland (J.H. Holland (1992) Adaptation in Natural dnd Artificial Systems. University of
Michigan Press 1975, Reprinted by MIT Press.). The genetic Ialgorithm is widely used in
practical contexts (e.g., financial forecasting, management science, etc.). It is particularly
well-adapted to multivariate problems whose solution space is discontinuous ("rugged"} and
poorly understood. To apply the genetic algorithm, one defines 1) a mapping from the set of

30  parameter values into the set of (0-1) bit strings (e.g. character strings), and 2) a mapping
from bit strings into the reals, the so-called fitness function.

In most evolutionary algorithms, a set of randomly-chosen bit strings

constitutes the initial population. In the basic genetic algorithm, a cycle is repeated during
-3-
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frombit strings into thereals, the so-called fitness function. In nost
evol utionary algorithnms, a set of randomly-chosen bit ‘strings constitutes
the initial population. In the basic genetic algorithm a cycle is repeated
during -3 3271.002W00 5 AUG 2003 which: the fitness of each indi viAg aJZ N

t he popul agppnoesvewal uat ed; copies of individuals are nade in 5p go §03on
to their fitness; and the cycle is repeated. The typical starting point for
such evol utieRame @haRor EMIBNARidRaSA thopiRHERH HafRRIEEPMslofIAdiVideas afdhe
use of an "arbitrary”, random or haphazard starti ngfrﬁopul ation can strongly

bi as the ewmdatn propogtion o tHegditheskrandwhecyictenisrepeateds The fypinral stating pain forr
conci se solution to the problem at, hand articuylarl re.t al gorithm
is used to s%ol%pm&w&lé}g@ggs l§iaoﬁ%%ﬁ@‘é‘forwgé’p%?e?%btrs%ﬁr%}é@gg .ﬁsﬁ %s?éled, t he

only "forceapdfdryi pehdbRfordphashidoRating phition!vah kRomily bR tHttdvolutishay soever
is a fitness determ nation and associated selection pressure. Wile a

sol uti ofi naigositlen eway Fpmun efficianthacturaieerneseise pelupiobiodbe Poblkit & lppdm a
d . a. it initial tate. | ' '
boar no. r e PAFBRE A s Al im B Bb i Molilof Bpdip £ oRaRAl MR TRARRE

al gori t hm pr@edeMs ohBVERTS" drivihg Se@Volationany alpotthnoto angfsbition mpatshevedisnmni cs
of the simulated system |In addition, evolutiongry, al 88‘“ thns are I
typical |y rfénes delermyinptiepenshaseqeiated selgction B??és“é?rd%ﬁ‘lﬁ\?is 1R Atey S PR YRR

I nf or mat | Or}eacﬁ?c‘f Hebdufge %B:ﬁ{)ée%s %tﬁtftsoﬁ%ta' r2donh ge.é.ta{tﬁiﬁar%&irﬁﬁﬁ%&% ina¢hidfl the
typically exists as an abstract representation of an"allele (typically as a
si ngl e 10chaypakation membats tehend rebgioastty to oh stgudi popudariondyhanigs gs the

al gorithns provjde little or no information r rdi.ng, events.qn a

mol ecul ar | tﬁmsir?ﬁepéﬁw?alﬁﬁwgr o\ ICTIANGR sF e tReXb RS DL pulated o
their startdpg,point, essentially artifici-al constructs and utilize
internal rufes (algorithns) to approximate 20 biol ogi cal processes. As a

consequence such noddnsdditionsevolufionanyiatgopithyasars dypiely reiatiely bighagdar  put
again afford |ljttle aor na.,informati.on,or insighi, [ | g - t-he
nol ecul ar |wﬂaﬁoﬁmﬁrpﬁﬂ@%ﬁ\mm@- |%R§:’/cgﬁ€é%ﬂnc ﬁg %@I esngitct)‘\llttelP

met hodsysof geRar atdNgpidally ekls as AR AbiALE RPfeseMtidilofladhllelel(typically bhesingle
conput ati onal nani pul™ation, e.g. via genetic/evolutionary al gé)r .thms. The

menbers of ¢emeten) driclefsementie Cangequsntlyeraleirnasy algprlms poeids He 8582 ess

varyl ng  degreesoh rechhifl SUARSH "sinilarity" to each other reflective
of the deg?@é‘)gmgflo% Iceard ugg]%ve,n% oh a fblecalaTebdl!

Similarly, neural nets and/or cellular automata, take as their starting point,
essentially artificial constructs and utilize internal rules (algorithms) to approximate
20  biological processes. As a consequence such models generally mimic processes or
metaprocesses, but again afford little or no information or insight regarding events at the

molecular level.

SUMMARY OF THE INVENTION

This invention provides novel methods of generating "initial" populations
25  suitable for further computational manipulation, e.g. via genetic/evolutionary algorithms.
The members of populations generated by the methods of this invention possess varying
degrees of "relatedness" or “similarity" to each other reflective of the degrees of covariance
found in naturally occurring populations. In addition, unlike the populations used as input in
typical evolutionary algorithms, the populations generated by the methods provided herein
30 typically contain detailed information about individual members and the information is
typically of sufficient complexity to provide a "continuous" (rather than binary) measure of
intermember variability and/or relatedness. Indeed the methods of this invention provide
4.



found in naturally occurring popul ations. In additiony unlike the

popul ations used as input in typical evolutionary algorithnms, the
popul ati ons generated by the nethods provided herein 30 typically contain
det ai | ed information about individual menbers and the informabi AGi2803
typical ly 8R275002W€l0ent conplexity to provide a "continuous" (rather than
bi nary) neasure of internenber variability and/or rel atedness. |Indeed the
met hods of deiled codiag bf @olepilavintmadon inThéMdd QS SotfkistPMOpopighRinsed
codi ng of nolecular information in the individuals conprising the

popul at i on$Teatsdaascerdingdte shegnefhodsplithis ifvsnt@ds of this invention. Thus, in
one enbodi nent, this | l.des - . ' a
tructure wth (e.q. e oheAnBERHERr T ARER ibyBaRtah Bpuldfifa
strings. Thiatansttubtutle with . gfgeneitiyg & ovldctien on) liteagard) clgardond saingdd Mhe ehethod

bi ol ogi gal rrggéﬁrl,es I nto character strings to proyide a coJlection of two
or nor e>di FFEFPERLY MNP & ioRdPELYR T BFS hijelagtral wp calgs Htp charggter strings to
01 01 091 cal B eERecRBABY ARG Adre afifiln ARAM AR DAL Fhoteln eRRLPGHA Y. a1

| east two “substrings fromsald character strings; 111) concatenating said
subst ri ngs tidogioalmoainenler comprises gilcadtatiousi( subysitg b Lseldeting sidnest tvemgt h as

one or nore of .the.initial character .strings;: jv) 10 adding the product
Strings o HOUBMPTERTGHargriE SGUEY Ik apHaralie i) STEINERJo BERARST |y
repeating shé@prédukt &fingd dbbut tAE SMENIchMas Bhié BOMORLo Rhic M cRiraidl GriffsOFHct
strings as an initial string in the collection of initial character
stringd0 | mddimgtthe produetystrings fer celltcomboliitringst(a datapimucturg); aod ivh @pticwalyr i ses

cequences. meraipdRies 0F G P i8R IR 3 ARY &l ol PBPEaalib MG 1
sequences Gaingig thokslketiornalinhial flepdvic atrtiley. kepatbaskly preferdehfiodithents ko de
known protein(s). In one preferred enbodi nent, biological nolecules are

sel ect ed sUERCAIME" cORPYises ERGRIING ONGAIFROTE Y CICICTI SCHRETCES allsl/9r Qpe oF Mese  about
50% . .of er. P 0 . t
9. nore 381(5)1&3 Q%lrﬁgé%lgg&egg%%c Me&%ﬁ%&i ?@9}\}“@%& a&ﬁ%ﬁm&foﬁgﬂga%o%ld egs

about 85% sequence i each ot I'n on
enbodi fent ,seqimncesitrntteiunlicyn andlocimphatastly seledied, bat prefezatdy dscodt khtven 20
substrings occur, .in character, string regions of abqut 3 to apout 300,

or of er abl y FIBEHs 1p gne pisiiired ssivopiret HPeramgeaiti A sooer s giet iRy and
nost pref engllb ¥t RRQUbow 300 8?&?&%1 P1eaSHBORCI08E SmbRArefiratdy I 1808 EbAR TSP CE

identity with the corresponding région of another of the “nitial character
strings t handirhest prederably as kgsiehoet 858619074, pr benfS&hsaguenceddentitywith eréinggber. | n

anot her enbodi ment, the sel ectin n_i nv.ol sel ecti.ng,substrings .such

that the ends of sai dN2BSHUGTPILSECRBUTnELD BEcabrEH ateties el ol it 4

to abown 10bstEkgé e¢cabin/chafLfer 8RRiiregtodsdf about 3 to about 300, preferably about 6 to
about 20, more preferably about 10 to about 100 and most preferably about 20 to about 50

characters that have higher sequence identity with the corresponding region of another of the
initial character strings than the overall sequence identity between the same two strings. In
another embodiment, the selecting can involve selecting substrings such that the ends of said
25  substrings occur in predefined motifs of about 4 to about 100, preferably from about 4 to
about 50, even more preferably from about 4 to about 10, still more preferably from about 6
to about 30 and most preferably from about 6 to about 20 characters.
| In one embodiment, the selecting and concatenating can comprises
concatenating subsfrings from two different initial strings such that the concatenation occurs
30  in aregion of about three to about twenty characters having higher sequence identity
between two different initial strings than the overall sequence identity between the two
different initial strings. The selecting can also comprise aligning two or more of said initial

character strings to maximize pairwise identity between two or more substrings of the
-5-



abbufmgo even nore preferabl y from about 4 to about ~1.0, still nmore
preferably fromabout 6 to about 30 and nost preferably from about 6 to

about 20 characters. In one enbodiment, the selecting and concatenating can

conprises concatenating substrings from two different initi gl St [{Jﬂﬁfs such
that the copgaigepaiaden occurs 30 in a region of about thréedt

twenty characters having hi gher sequence identity between two different
initial str sGRLhber oPEh YRERATRR H1¥Re end of

di fferent |ér}11|Q%§'te}Q@{‘]‘F§ gﬁdgé{ e se@gggéﬁgﬁtcfg% a‘%so corrprlg& yal gni nge?mg or
more of saidhelsQbdtiing. character strings to maximze pairw se identity

between two or nore substrings of the Al 3cha ter
strings, and sel ect i ﬂgcaﬂ@ﬁégr@eé@?enﬁaﬁte ?@2%3 r?é‘f?o‘@?’ozﬁfs Cﬁ“&&@‘amﬁ%ﬁe 1¥or
the end of gaﬁx%%“atg'grtgﬁ{égyglﬁpﬁﬁ?latye g&%ﬁﬁz{f? @ﬁcmﬁefh%dfo@@ﬂieflﬁropﬁﬁi%Pof a

|nvolvesc ting t , PK, " nol ecul ar wei ght,
hydr ophdbi cp:’o;em emmdetljlw the sharacteustengn &t one pefeed pmbpdiment sheroduds sisings ei n

encoded by the te stri In. o rred enmbodi uct
strings ar®cad °t P @g@f nb‘é{ﬁ%lgjtﬁﬁcliaw &6 It%n%m/f ngeﬁg&g
greater t hagte%/ﬂla%@ff/ 2Rk YrefEHh B gdatdritieh BOYor 85%rs@qu@heé ﬂeﬂhmmgnﬁat er
than 75% or 85% sequence identity ' wth the initial strings. The nethod can
further invisitedsirmgelonly al teri ng one or nore characters of 10 the
character strings. N

met hods i ncl udi ng, hTﬁenlg?trﬁP? ”gmyﬁlpggaé@%xﬁfﬂ §n§8%r gltld?gl)ﬁgma%%r%(’fh
i nitiali1strihe¢hs@tleeatihgd 'Hﬁﬂédilrbdﬁcbd)mplhslhgd a@oﬁdmghmﬂmnbamémﬂmds asluding,
described herein. In a particularly preferred emo | ment 3 %ddans
descri bed abeviet imiiopta mEpdeang A randesHnEdRto the iR SHEE olisdmaaiior Uilipo
i nvention p i3 dGReHR r code
that i) enc%gﬁé&ﬂ%ﬁcﬁg&%%géascﬁo ogl caflpﬁg%h%ul}giz% | %édchar gct er Lﬁugt rings
to provide ap@rﬁ)ﬁdxedescmwﬁbdmr@penﬁnmdmif:mnmter initial character strings
wherein each of said_biol ol ecul es co IFP%?H% at | east about t

n
subunits; ii) select sha"lﬂol PW""‘EG‘E}%W’PH iﬁgo%ﬂu[?ra‘%{?mrf)&lﬁcés
111) copgat enabasnk B&ﬁ&@ééofdle et i) % f EndoBEd Bt nfre ABilogiBAIRMIEduldlififoRfisradizo Ut

the sane length as one or nore of the initial character strings; .iv) adds
20 the pr odsirings ta progsle a@oheqtmhlo&w ormofe differenigiitial chiaractersiingsvdiren each

dat t t al | t
Dot oo one! o pF ki Bfoettal adficch iR SompribRy o BhiEn hithnRl: i) delecks ™ Rifkbulo! V)
col l'ection Qfhdtihds fFdm ﬁi%%h@i%&@f sﬁlhgs,ﬁﬂ)scodcﬁteﬁétbeﬂlc\&ﬁbsﬂﬁngsttbéommslrpam‘enore

product strings about the same length as one or more of the initial character strings; iv) adds

20  the product strings to a collection of strings (i.e., populates a datastructure); and v)
optionally repeats steps (i) or (ii) through (iv) using one or more of the product sirings as an
initial string in the collection of initial character strings. In other words, the computer
program product comprising computer code that performs the operations described herein.
The program code can be provided in compiled form, as source code, as object code, as an

25  executable, efc. The program can be provided on any convenient medium, e.g:, magnetic
media, optical media, electronic media, optomagnetic media, efc. The code can also be
present on a computer, .g. in memory (dynamic or static memory) on a hard drive, etc.

In another embodiment, this invention provides a system for generating labels
(tags) and/or music derived from the sequences of biological molecules. The sy;tem
30 comprises an encoder for encoding two or more initial strings from biological molecules
(e.g. nucleic acid and/or proteins); an isolator for identifying and selecting substrings from
the two or more strings; a concatenator for concatenating the substrings; a data structure for

storing the concatenated substrings as a collection of strings; a comparator for measuring the
-6-



program product conprisifg conputer code that perforgs the operations
descri bed herein. The program code can be provided i‘n conpiled form as
source code, as object code, as an 25 executable, etc. The_p ogr[Par’ZQ@gn be
provi ded on any convenient nedium e.g., nmagnetic nedia, opti L& i a,
el ect r oni c32EABWOPt onmagneti c nedia, etc. The code can al so be present on
a conputer, e.g. in nenory (dynamic or static nmenory) on a hard drive, etc.
| n anot her nenbadndatyaridbility of theaolleionpf eringe snddayraiiring flat sgicentstrings
| abel s (tags), and/or nusic derived fromthe sequences of bj.ological.
ol ecul es. XN ysaller e ofsHErsES AFOBREBRIBFIGdpT BHERE5GOGRI08 0t Aines
initial sti}dgsad Fﬁ'fﬁgmlgl 0y err@leﬁﬁb'&iﬁl%gf, teSsSlatoP bGihiises @cbfpaattr Fr

ator tor 1denti f

proteins); an iso ying and sel ecting substrings from the
two or nor aligting mgbdetandning adgioratofidehbty tetwesmt tenoatrinmge itigalstringsr Simidarlya

data structure for storing the concatenated substrings as_a,coll|lection, of
St ngss | alReGRERARIDPbIOTRS AGE (e oK oo SRS 30 = B it e
and/ or var ;ghhihicY nfly dphndsh&@ thi® hehs, ThlprdofedBebsRimeAR] the RBldtdiaklects
sufficient strings éxist in the collection of strings, and a conmand

writer for susiriigsgucththatibe bedstaf saidsubsitingsrmgsur ingtringregians af abongthrgelte abeyt

; 9 \ | ol . _ _ e q
et erm ni nd0d B i M e SR ECRERS St 8 FRARb Ring RlgjorBBIIE 2
Simlarly EfoéQnRﬁm&ﬁ@@&fﬁgymﬁméx&%lpseqﬁm identityCiedtwutpth Bgne Bapience

identity and the isolator an conparator may optionally share this neans.
I n pret@rre@ngibodi nents, the isolator selects substrings such that the

ends of said substri figamqg%ﬁgioaﬁ&& ' Rdish 'regg%tg%@p@gs shétl @8¢ he ARG

100 characters that have I sequence 1 den he correspondi ng
regi on of asaidtshbstringd odchiinipiédefiabd mbafsafaboutsittviabgst 100 aprefenaebly fremadtiout 4 to

sequence identity between the two 10 sirings..Jn another . egbodinent,
the isol at &gogei_oﬁev%l @%Wﬁ%@aﬁ% ADQ &t @ﬁ@tgﬁdgﬂﬁflmew@fﬂi’l}bﬁg%aha%‘é
occur in pgggﬁédt @GQnE%ds%ﬁcféhb@%ﬁHh dhohs BBt IPhardied. Cradle¥enioaimetout 4
to about , even nore preferably fromabout 4 to about 10, still nore

pr ef er 4Bl y, the Bolatdrand céncatenatabdivid@llavd imomnbipatéfnesoabitynate sibsuings frog e
about 20 c acters. .ln one di nent, 1 t he isol ator d ncat or
Tndi vi dual IGEGERS Ritab pRELRCE T e pererpion ghaFy }“n‘”b’?gPPo%%E%%O‘Hiag?‘g‘@pt
initial strhR@prefeaBlyl dtabkt § RALSHEIL R33! roRrAHE b dbBuPl 0 @GheR 100 chbauters3
to about 300, "nore preferably about 5 to about 200, nost preferably from

about 10 t desingligheysequisnecidensivs betieon pajd v Hisferens dnitirl sringsdhan thy op@alheen
221 o FLER R e D e RRPURREL y BERHEDGS: iBhLtion
i npl emept atth® Bolator aligns two or more of the initial character strings to maximize pairwise identity
between two or more substrings of the character strings, and selects a character that is a
member of an aligned pair for the end of one substring.
The comparator can impose any of a wide variety of selection criteria. Thus,
in various embodiments, the comparator can calculate theoretical PI, PX, molecular weight,
25  hydrophobicity, secondary structure and/or other properties of an encoded protein. In one
preferred embodiment ,the com;:;afator adds strings to the data structure only if they have
greater than 30% identity with the initial strings.
The system can optionally comprising an operator that randomly alters one or
more characters of the character strings. In certain embodiments, such an operator can
30  randomly select and alter one or more occurrences of a particular preselected character in
said character strings. Preferred datastructures in this system stores encoded (or

deconvolved) nucleic acid sequences and/or encoded or deconvolved amino acid sequences.
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20 the isolator aligns twg or more of the initial character strings to

maxi m ze pairwi se identity between two or nore substii ngs of the character .

strings, and selects a character that is a nenber of an aligned pair for
.the end of one substring. The conparator can inpose any of a éﬁi@éﬁﬁiety
of sel ectiapyenpi®gea. Thus, in various enbodi nents, the congI an
cal cul ate theoretical PlI, PK nolecular weight, 25 hydrophobicity,
secondary structure r rat | hi In one
preferred enbodi nent %Pﬁ{erﬁlgf)rr%({a%%gﬁng? éag sé @ﬁ@%@@g@gﬁﬁﬁ%ﬁ@%ﬁﬁg ure only
i f they hawiscugpi@ndfspetifiaBmBodinieddmiiomy Furtphrpobes dficlaritylthis discvsgion rifees to

system can opti onal conpri sing an operator that.randon | ter or
more char acle¥less, 6?“1!1“%’@! PN FoREPLY Indgrms r?g §P°°ftIH’ Ramplas, Elfjé’l‘ﬂ%gri’ ﬁ’gﬁ?%tﬁocgéﬁne an
operat or cafle30 iﬁ@&ﬁ%@‘dﬁﬁ@ﬂeﬁﬁé wahid anaHeg STPpRlof 0PI BEHES! 1S BferéTbrea

particul ar "presel ect character in said character strings. Preferred
dat ast r Get lnesdédthatths invgst@mat bo lisdted nxespas grovidedivctha girched ylamciesi ¢ aci d

sequences and/ or, encod r decqnvol ved am no aci d sequences. -7
3271.002anterfge§3%é“%8ge%’qﬁﬁ?et é’ﬂu'l.‘l'f'i]%gtrc’gt andi ng of the invention can be
had fromthe detail edryrfleshsteSit Rie@gnizpe tat idgicyyerdis wan ixhidelaovide Faxrety of
purposes of clarity, this discussion refers to _devices, nethods, and

concept s i rdifferentcamponprts and diffsrentBinetionsrp aanedulardpbione téigregt empediments s ot

I nvention Q at e .W,t hi | ' [ vakibuk S -
therefore ianslyg%éqeéc?%f#aﬁ&]et ﬂg&lc}r{\%drﬁ%é%sngé%%ﬁ{%gé fllmmﬁlthse)tg‘h% )%%:l% gﬁ‘y %ﬁﬁ’r"g{‘? !blolléed
in the jaxt afhetbmelaapass ¢Bairiounélemprtet Bet punplees ofadaritpcthe imenadn isglasorhkbdm s) .

Furthernore, it is recognized, that CLﬁgl c .systens can incl u&e a v&de vari ety
of diff er eifmeehgysisasihat ncdude many dierent JRRYAFNE CORPRCHEFNF HROV ALY on.

Different eng}?@ﬂh & of C&I]n%:ﬂlcﬁ%:s MNIThfAdhck BiduidiGe Bkéd #1801 1Y ibdntion 1O

el ements an unctions and may group varitous 10 functions as parts of
various el ecomntiigatidne coptainjrgsalbofihe mhavitivg compendntsdisted iprany dlustrelévd bed in
terms of systeng that jnclude many different innovative conponents and

i nnovative & @il‘ﬁgftlfl § SPACBhPnent s. No inference shoul d be taken to
limt the invention to conbinations containing all of the innovative
conmpone(¥ s DEMRITIONGNY il lustrative enbodinment in this specification. 15
DEFI NI TIONS The terns "character string” "word", "binary string" or
"encoded string" repThsains Seharefd stringt Swaddl' ¢ bifars sting'her "seepded seing”

information (e.g. the subunit structure of a . .
rc(pres%nt any entity capable o stogng sequence information (e.g. the subunit structure of a

biological molecule such as the nucleotide sequence ofa nucleic acid, the amino acid
sequence of a protein, the sugar sequence of a polysaccharide, ezc.). In one embodiment, the
20  character string can be a simple sequence of characters (lefters, numbers, or other symbols)
or it can be numeric representation of such information in tangible or intangible (e.g.
electronic, magnetic, efc.) form. The character string need not be “linear", but can also exist
in a number of other forms, e.g. a linked list, efc.
A "character" when used in reference to a character of a character string refers
25  to a subunit of the string. In a preferred embodiment, the character of a character string
encodes one subunit of the encoded biological molecule. Thus, for example, in a preferred
embodiment, where the encoded biological molecule is a protein, a character of the string
encodes a single amino acid.
A "motif" refers to a pattern of subunits comprising a biological molecule.
30  The motif can refer to a subunit pattern of the unencoded biological molecule or to a subunit

pattern of an encoded representation of a biological molecule.
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bi ol ogi cal nol ecul e such-gs the nucl eoti de sequence -8f a nucleic acid, the
am no acid sequence of a 'protein, the sugar sequence'of a pol ysacchari de,
etc.). In one enbodinent, the 20 character string can be a si-n%lmgs?gqﬁence
of characters (letters, nunbers, or other synbols) or it can be nuneric
repr esent a2 002W@&aGch i nformation in tangible or intangible (e.g.

el ectronic, magnetic, etc.) form The character string need not be

“linear”, but can al ¥Re RKhslbstiifl RIGHILIINE that REburldokTiBin afother Arihg. MRigs
list, etc. A "character" when used in reference to a character of a

char act er ibsirig capinglude thefulldength (parentt stoings bid taieallygthe subsiring ispreseniga :
enbodi ment C € . character string encodes one subunit of the
encoded bi %ﬁbtégﬁ‘ a@n%ﬁggé?éﬁs%gs for. exanple, in a preferred

enbodi ment, where t hTheremddakabiradtog!' edftrs Wthecugmiiation and ofptédnally assobiatedct er

f th [ d [.ngl ' i d. " i f! f
of Subun 1 4oNGesioF 11 Sy oh aseaal. DRkl A ilsO PR b ety ShE Ao o
Ut & . e .
subuni t - pagdeilte Qhn hOE O FRORAH 6f g hrg@#g?ag{aggg.gé fhﬁ)?lt fBe Bat8 YRHAILe

pattern of an encoded representation o ecule. -8 - SCar_Al\UG
2003 3271. camaQdditiensldanformetimt (eign gnirotdtens) regardingtthe mforirtagion centhioedhtherdin,hi n

anot her string. .Th substri can,includeg, the fuyll |length, “parent’ string,
Ut typi caPesaal eeliions ki Dfta b et racgthers GRioBen cp e L idhg e
string. Thend@hrd! afifdad pedvilepoihRrs draREtoliBsdudes k@Al ZPthk ARadfdcar! iTaRal |y
associated 5 device for the storage of information, typically multiple

"pi ecebl oflata straetnvetdanibe inthrgibllgtbat isgenderadtrrgiblervlisa bg storediteprasentet that i on of

the informgti e.g. | i or_.the dat r. . cont.al ddi ti onal
i nf or mati o g@’?%&egﬁ%?% %&%ﬁ%@éﬁ?ﬁ WB%%&%%‘%H%%}%% orllonca%n gélcﬁler therein,
can est abl ifudigd, dut Astdimhies] toeiniyie Hsth Nekealitoindevd s data {abls Oind®des tash
"pieces") of the data_ structure, and can provide pointers or linked to

resour ces &diesndat file detpasgn refational, datahases, 1g¢al Q@alliéﬁsad@WIﬁdtﬂa@_bES&& thin _
i ntangi bl e . d'a&b%s%g,c 18 HRd g)lr&"e%@cf’ghﬂ?diﬁg%,eﬂé P&Q rsﬁ'ﬁ&ﬂlte‘iﬁimﬁiﬁes faqgi bl e

nmedi um The data sStr ure can represent various intrormation-architectures
i ncl udiig, shfficienoforithedtbrde bBoms orphere Ichatider dtiingse Aheidatasstructdens pdefbiablys ,
data tables, ipdexes, hash indices, flat file databases, rel at.ipnal..

dat abases, OF%%CS&%PQH&@WE?ﬁBG‘P%t%FéF%% , SR RRA, &9 SR MPRRR e

and the li arc]!igg RlSARh At mfé&ﬂ%%ﬁiiaﬁﬁ& aﬁaﬁoastﬁhg WEFER P BVddes fiel ds

15 sufficient for the storage of one or nore character strings. The data
structure iembpdimient g$ infororagjaniviedhe orpefalignmeitdsoveest' (of.. sinelacknindicedr

strings a”%hd/%? gfiggnqgénlt}{dapg (s)hosxglgé ?ncfi\w;h?gl gt%dncl)tn(e. g. nucleotide in the case of nucleic

20  acid) alignments, The ferm "encoded character string" refers a representation of a biological

molecule that preserves desired sequence/structural information regarding that molecule.

Similarity, when used herein can refer to a similarity measurement between
the encoded representation(s) of a molecule (e.g., the initial character strings) or between the
molecules represented by the encoded character strings.

25 ‘When referring to operations on strings (e.g. insertions, deletions,
transformations, efc.) it will be appreciated that the operation can be performed on the
encoded representation of a biological molecule or on the "molecule" prior to encoding s0
that the encoded representation captures the operation.

The term "subunit" when used in reference to a biological molecule refers to

30  the characteristic "monomer" of which a biological is composed. Thus, for example, the
subunit of a nucleic acid is a nucleotide, the subunit of a polypeptide is an amino acid, the

subunit of a polysaccharide is a sugar, efc.



regarding the alignnment and/ or st'riln'g' simlarities and/ or string
differences. In one enbodinent this information is in the form of

al i gnnent "scores" (e.g., simlarity indices) and/or ali gnneg r@pz@]
showi ng individual subunit (e.g. nucleotide in the case of nu eﬁ Jaci d)
al i gnment s 32Theoiwom "encoded character string” refers a representation of
a biological nolecule that preserves desired sequence/ structural

i nformation regardi ngpt Rt "BAACHE Rollectiof* hidhistdinthiBRgstBtwWhaT €ed t&Rfer
refer to a simlarity nmeasurenent between the encoded representation(s) of

a nol ecul etdetriggs. the initial character strings) or between the nol ecul es

represented by the efg@g&ggfef. LAEEAL Bh A0S noRRal HARCAIS S iR thflogica

operations on string stormati onss eltc.)

it will be ApRige BletdredMdlofiba Mnehutdsiifdudatiolgicabmbonditenles thacareencoded
representati on of a biological nolecule or on the "no| ecul e" B,ri or to

encodi n§ sdypic4lht palyrmeréminddsue beipg exraprsad phmuliiph bsaity. nbyrigsk Pivlegissl The

term "subunit en . used in refe aleql cal feys to
30 the- charaeeatfoPpae ol Goup FEEOER el fidh AahEGorIBIGRRCSBILT
for exanpl grofelis (fosmbdbf 4midb adidiubiigisy; pabjisstcharidesifforined bf sgar fubenits)joaini t  of
a polypeptide is an amno acid, the sybunit of "pojt%qsac har i d%. is.a
sugar, etc. -9 - 5 AUdezboase Seneoding2gjogisal melpaple sty 1o s senemtion ofp on-
are used i : r :sgoq,-'téﬁsa- n Heflio@itedlsed -
nol ecul e” reﬁ%rg%@%%g&lrt%alt%ﬁ%@%’lééghtg& or?Jfﬁ B} n a l?)i o|“g§?‘égi| or glljgnisgdrln
Pref er ri@d hioabaeite dle infolmatidresonient bitie otiginkbgjplogicalhmeleosls) ecul es that are 5

typically polynmeric i natupe being,copposed, of | tiple,subunits. Typical

bi ol ogi cal  nol ecul _esﬂferfﬁqf%ld@,c_ %‘Ej?cq%rr@{]éﬁ%foa}‘?‘???‘ﬁnﬁori%gﬂﬁ% %ﬁ‘&%"&%‘fs‘a%“‘%f or ned
of nucl eot ']?cgy]ﬁb'ﬁﬂ%iﬁ'nér)sin £ Ao BSle SirMHITR dor, 2 uRsPSthehwadellinitdds) .

pol ysaccharides (forned of sugar subunits), etc. The phrase "encoding a

bi ol ogi cal ensbmpaises kirosfrearalags of haugbmenlentidenthet can fupelionds a sipilar 0BT ashat

bi ol ogi cal %ﬁul e t hat ree({s@r ably contains and can therefore be used 10

to recreate® Y RFDYTRE I fitent of the original biological nolecule.

The teryy "nucl ei ¢ aci A'ni&éieasidisequneeasferd taaheieldeodridddenity of the muclkeatidesde
polymer in either single- or doub?e-st randed form and unl ess otherw se
limted, eeaoprargsesudigioaridanal ogs of natural nucl eotides that can

~function in a simlar THRARS ";?'oﬁypegﬁaé‘f ‘adebﬁd@‘ca‘ﬁﬂr"bfo@&n'néi@ lsQf ih%?&angeably
herein to refer to a polymer of amino acid residues. The terms apply to amino acid polymers
in which one or more amino acid residue is an artificial chemical analogue of a
20  corresponding naturally occurring amino acid, as well as to naturally occurring amino acid
polymers.
A "polypeptide sequence" refers to the order and identity of the amino acids
comprising a polypeptide.
The phrase "adding the product strings to a collection of strings" as used
25  herein does not require a mathematical addition. Rather it refers to a process of identifying
one or more strings as included within a set of strings. This can be accomplished by a
variety of means including, but not limited to copying or moving the string(s) in question
into a data structure that is a collection of strings, setting or providing a pointer from the
 string to a data structure that represents a collection of strings, setting a flag associated with
30  the string indicating its inclusion in a particular set, or simply designating a rule that the

string(s) so produced are included in the collection.
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15 A "nucl eic acid sequence" refers to the order and-.identity of the

nucl eotides conpri sing a'nucleic acid. The terns " pol ypepti de", "peptide"
and "protein" are used interchangeably herein to refer to a pol yner of
amno acid residues. The terms apply to amino acid polyner$ AUG fga3ch one
or nore an32vd.(®@MAD0 esi due is an artificial chem cal anal ogue of a 20 '
correspondi ng naturally occurring amno acid, as well as to naturally
occurring amno acid poBRTEFPELCRIPTIHDEOF dHEDRAWANGS efers to the
order and identity of the am no acids conprising a pol ypeptide. The phrase
"addi ng the product Bignierigiilutitates xfidw ebart depicinggineientpodinant o the m8hodsradi n
does not require a mathematical addition. Rather it refers to a process of

i dent i fyi ntMS YXEPHY nore strings as included within a set of strings. This
can be acconplished Pyg 7 MRkrfEya YlediBRBEd Létichiedatitth oftubsddRéndes Mcofling O
copying or noving the string(s) I1n question into a data structure that is
a col | ext i tnthefnethad(s) @f thismventiog. or providing a pointer fromthe string to

a data structure that.re ents a collection of strings :l.ag
associated with 30 th@“%"ﬁ ﬁf‘l‘@g‘i‘tﬁﬁ? ﬁei‘?qt‘ﬁﬂ af“? SORGREPALHN |uﬁsezﬁ|%lgre F ?%c%r%bgs et,
or sinmply gedk o dd@% oA tHis e htieH whd?€ theSdohé A1eHa%ibn Silipdsedutiptmantelgdithmaed
in the collection. -10 3271. 002W0O - 5 AUG 2003 BRI EF DESCRI PTI ON OF THE

DRAW NGS t fikghe ordenefisuhstrifggure 1 illustrates a flow chart depicting one
concat enat i on of - subElres s Bh fepferchtlial Bl Beniik AB Bttty he
sUbseqench aeea s To the method(5). of Lhis. invention here.
conca?_enati on utili z@gglﬁ%Séﬁ?@hwrﬁlﬁéWi?Fﬁ?ﬁ_%“% Pchﬂél‘B&%W?%c{}&cmm
SUbSTI | NOS sy il AsGaf ekdrhdl 3l dePOFRiAl GRRIERSRAL) ONAl di oi tal device 700

accordi ng pre I nventi on. Figur is a chart and rel ational
tree showi ng percent Figure bas a pairdise dotiflétealimnmentikowinhg komelogpnarcasdipl ar set
of initial gharacter..strings). Figure 6 is a pair-w se dot-plot alignnent
showi ng hofEFEt sy or :

o 15 - Figure 7 is a pairwise dot-plot alignment showing homology areas for seven

different parental subtilisins.

DETAILED DESCRIPTION

L Generating populations of character strings.

This invention provides novel computational methods to generate
20  representations of actual or theoretical populations of entities suitable for use as initial (or
mature/processed) populations in evolutionary models more preferably in evolutionary
models typified by genetic algorithms. When initialized to reflect features of particular
biological organisms, the entities generated by the methods of this invention each contain
significant information regarding underlying molecular biology (e.g. representative amino
25  acid or nucleic acid sequence(s)) and thereby permit models based on genetic or other
algorithms to provide unprecedented level so information regarding evolutionary processes
at the molecular level.
In particularly preferred embodiments, the methods of this invention generate
populations of character strings where each character string represents one or more
30 biological molecules. Using only a few strings as "seeds" the methods generate large
populations of strings bearing an "evolutionary" relationship to the initial seed members. In

-11-



different subtilisins. 15 - Figure 7 is a pairw se d{gt-pl ot alignnent
showi ng honol ogy areas fof seven different parental ‘subtilisins. DETAILED -
DESCRI PTI ON 1. Generating popul ations of character strips. This invention
provi des novel conputational nmethods to generate 20 repredeAtU8t2088s of
actual or tREGOBTWEH popul ations of entities suitable for use as initial
(or mature/processed) populations in evolutionary nodels nore preferably
i n evol uti aoatryst teroakitienal y@ietit elpokihngeinethich ialtipb rmentoes setdremrtitinaryj al i zed to
reflect featuges, of particul ar.  biological organisns, the entitie
generated H§R¢aRdD Beoralotind SRTARTGA TaERCRBI iR copyeyisnce dife
i nf or mat i o, ghaBALA AR, tié RRHIRS SCMlahvdtieh B8 il Srefbrrell RRILBSANAL | Ve
amino 25 acid or nucleic aCid sequence(s)) and thereby pernmt nodels based
on genet i ¢ derived frem knatwgexistingbiolagigl Buecizsarsijiees gaetimudat nuelgisl acisequences
i nformat. on r argjpnégfvol utionary processes at the nolecular level. In
particu arlzﬁ?d%gé’f’ PREECERBETFPent s, the methods of this invention generate
popul ations of charagh@préefred@sbatiges, eacitedBofdiiemvehtidonigvslegr esents one
or nore 30 biological nolecules. Using only a few strings_as "seeds" the
met hods generate |argd pdgentidyingiseleesinedweion gorpbiglogiepl mplectlssy ut i onar y”
relationship to the ifiti 1L | =~ D AUG 2003
contrast to traditional gZénnézﬁfs@g§Wéﬁﬁkﬂ1@ﬁc%#€}?€%fcg‘?%%%er sets are
arbitrary, randon hajjhazBetkctiag asiehst ove subistringsfiohetha icharattenstrings;
represent ati onal convdsni ence, the, popul ations generated by the net.hods of

[

this i¥ention are, pr dFQicatenatingsaish SYEFTIRES fodem QRYOF G BE SEIEYt § ng
bi ol ogi cal "precursors" ( i f j e 1SRG ESer Srimddd/ or
pol ypepti de sequences). | ﬁdbguﬁotglg?éer&é %ﬂ@#ﬁ?ﬁ?ﬁﬁﬁgf@ﬁe met hods o?r t hl?éslid
invention involve: 1) | dekddifyilegtsdicestingstotanollectiomnfetriigs hithozan be the

nol ecul es; 2) Encoding the bipl ogical nolecules ipto.character strings; 3)
Sel ecting at |east two sub%ef?f‘l‘}&gﬁ?Wﬁﬁ?rﬁeseg?@fea?fgéfldstri ngs; 10 4)

Concat enating said su@stridgorafl firﬁfdﬂb@iﬂga&diﬁﬂﬁﬁl%ﬁétﬂﬂﬁﬁ{otﬁéﬁkékﬁ&ing%
the sanme |l ength as one or nore o? the inrtial character strings; )

the product strings to a cwkl ection of strings which can be the

Addi ng

7 Optionally adding selection pressure to the resulting string set.

8) Optionally repeating steps (2) or (3) through (7) using one or more of
the product strings as an initial string in the collection of initial
character strings. |

20  Each of these operations is described in more detail below.

IL. Encoding one or more biological molecules into character strings.

The methods of this invention typically utilize one or more "seed" members.
The “seed" members are preferably representations of one or more biological molecules.
Thus, the initial steps of preferred embodiments of this invention involve selecting two or
25  more biological molecules and encoding the biological molecules into one or more character

strings.

A Identifying/selecting “'seed/initial" biological molecule(s).

Virtually any biological molecule can be used in the methods of this
invention. However, preferred biological molecules are “polymeric" biological
30  macromolecules comprising a multiplicity of "subunits”. Biological macromolecules

particularly well suited to the methods of this invention include, but are not limited to nucleic
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set of initial strings or a separate set; and 6) Optionally introducing
additional variation intoithe a resulting string I53set; 7) Optionally
addi ng sel ection pressure to the resulting string set. 8) Optionally
repeating steps (2) or (3) through (7) using one or nore of thecarﬁroduct
strings as3gn ag¥vwoel string in the collection of initial = anAlia 83
strings. 20 Each of these operations is described in nore detail below R
Encodi n ong.. K [ gi cal c ' ' . .
mot hods. of S €5 EOUR RUATHET, el Hy Bl GREISGLEL, ARl Berain
The "seed" famgripRissaml the lik€f er ably representations of one or nore biol ogi cal
nol ecul es. Thus, the_initial steps of preferred, enbodi ments  of ta%ff

i nvention invol ve sehenimgleigsidsarossleptads theimyelsis %9&100 csinplesragge or

encodi ng taﬁ‘éﬁgﬁl’ ORI § BRI Wil Be %ﬁ]}rgcligtlgg 11t a %%lsgljgﬁt? pscstu@cier@(f ings. A

| denti fying ecting "se rmitra ogl ca e(s). rtual ly any
bi ol ogi £ al repedsentidreodan dbhblaistetidednidiec aeitth tis nodleic ks areveeferably kidowever |
preferred biql ogical molecules . are "polyneric" biqlogi.cal.30 macronolecul es
onDr | 51 ngRUHBRCKS B GAARC acia BRERGes CaBPE gL SF Ctr b o e et of

parti cul ar by, W&l ihcidink Sl et ltirlﬂﬁec{%téﬁ)%ﬁé d9bish &n@remdrﬂk?, pr e%datﬁbﬁse@r e
not limted to nucler¢ -12 3271. 002WOO 5 AUG 2 acids (e.g. , RNA

etc.), profegdscytgdgebimes) siedificoablicitipds, avmmergiall of prvetesequtasingcert ai n
fatty aci dZdb and.t he {Fi ke. \Wen ngﬁl egc. aci.ds are selected, the nucleic
aci d can b&OSTHYTE: U PARE SAUGIGB0BI ¥ Pr4fided, al though it will be
apprecigted that a siThgh@clgicradiil chsintlideigeh@fiic nublefr dcRR| EONAL/IERNBEE a
doubl e stranded nucleic acid. The nucleic acids are preferably known

nucl ei ¢ acpaticialisequences, aqturahseqyences baviag modifiedmucieatidns) ndthe bkri ned from a
nb f i Rel udi I e dat . 0.,
rner of Sou e |y T S e

GenBank), proprietary screntific
publ i cat i ofgelatedtyber it ddentical p Thug tlee mpigie addimay teapbasenitthe sams gana ohgerses

CeqUenCi N0, Skl o o ecle 10 Thechle] oL £ 26Ls, S ocl H0E genon

havi ng §odixfd £4ivaHC RIS T o Wnbd¥tmbit}@e protein, polysaccharide, or other molecule(s)
are the same protein, polysaccharide, or other molecule(s) with differences between the
molecules resulting from the fact that they are selected from different strains, species, genus,.
families, orders, phyla or kingdoms.

The biological molecules can represent a single gene product (e.g. an mRNA,

20 acDNA,a protein, efc.) or they can represent a collection of gene products and/or non-
coding nucleic acids. In certain preferred embodiments, the biological molecules will
represent members of one or more particular metabolic pathways (e.g. regulatory, signaling
or synthetic pathways). Thus, for example, the biological molecules can include members
comprising an entire operon, or a complete biosynthetic pathway (e.g., the lac operon,

25  Protein: B-DNA gal operon, the colicin A operon, the lux operon, polyketide synthesis
pathways, etc.).

In certain preferred embodiments, the biological molecules can include any
number of different, genes, proteins, efc. Thus, in certain embodiments, the biological
molecules could include the total nucleic acid (e.g. genomic DNA, cDNA, or mRNA) or

30 total protein, or total lipid, efc., of an individual, or multiple individuals of the same or
different species.

In certain embodiments, the biological molecules can reflect a

"representation" of the total population of that species' molecules. High order representation
' -13-



In one preferred enbodi rrent ‘the two or more biological nolecules are
"related", but not identi('cal. Thus, the nucleic acids may represent the
same gene or genes but differ in the strain, species, genus, famly,
order, phylum or kingdom from which they 15 are deri ved SITﬂﬁQ‘.'\‘UB/Z[][L one
enbodi ment 3AMeopwadei n, pol ysaccharide, or other nolecule(s) are the sane
protein, poI ysaccharide, or other nolecule(s) wth differences between the

mol ecul es éﬁfaﬂgnggfqm}&éﬁ?es fi@doohBfihel i hoBAorEH/ ISR Bithe RicRivids

strains, speci ers, phyla or kingdons.
bi ol ogi cal mfahmanﬁeaﬂomaan hfeepmrksmcd madmon@llehghmé rgpresgniing ¢amplex mlmor 20

DNA, t th t | |
pr oduct s angiRURtRHSL Balsprs At & Rapie Ao e AraPBis kAT dha
enbodi ment Syerdifieie Bl 19;9' (&Rl e agotﬁﬁ%e§l9%j TrenMé@?eDI(Sm@@W 1Q1fsm(g819 ebhl.

nore particul ar rretabo |c .g. regul atorg (r;g
synt hetic p@OBdeMs) Cartineg, llf(b)‘ 1é->&§n431dé\filoﬂllfés i6f @) I§P8 é?§Sc?én15

i ncl ude me 0 til.e operon, or a conplete bi osynt hetic
pat hway (enggﬁs :?Gr'}@ {’Tig%regeﬁ%&8 te?@”‘-‘ﬁ?‘B} ein: B-DNA gal operon, the colicin A
operon, the |ux OperOPartlaﬂhxyﬂ%eﬁehé@bi%wgﬁd&eﬁioﬁecu]@afd”r\my@dmghmi manipulati@t frai n
preferred enbodi nents, the biological nmoplecules can_ incl yde a(ﬂng nunber of

di fferent, thermeashodsrad this myentiandnclyga aroteins andior g}erﬂué%b%ﬁ protemns
bi ol ogi cal Jgg%ﬁ&es Bptnficb el HER of ﬁl%rép{%{rﬁ% prBit s%‘uEh @&érgﬂ&@pogeum@w c

DNA, CDNA, Or protern, "o of an
i ndi vi digl , imulinypepiidd l&)ﬂnﬂd&s\shduﬁ Iunexn grhwtlﬂmmmom grmjmlhffewtelrstand peiokimss | n

C?éé?'eé‘eﬁ{'?lé’&m %&Qﬂ&%«gﬁgﬁéﬁéﬁhﬁ%ﬁéﬁﬁﬁ“g%&@éé& st ME-165 g
ot ecul on ;MG Totrihranbgor s (e Hhichiad Gt S, RepsRABHcomtlr, |
-of this invatiighike grovid fivsdr He iRtekférons ile marlemnéqdzdmtmcmegmmmctqng

BT et ance ke Shibiba) beiats cepsiiab BDvE S D eRatogogn, Sk, SR gH "
(1995) {% egﬁ%&é}%gm I%&Jrg ﬁ%g hﬁ@%la?@ﬂdotﬂlﬁ PEfh flctddk VEGE-AL9BGF-BMIEGF-C,

Car ci nog. lels et a (1998) Nucleic Acids Res. 26
15 3608- 36 MEGERDY placémalemowth factoe@PLGR; &t. m)grO\P&rfwtgu;l (ag: ﬁr@ﬁliarGMcCSF),

“nventi on | ABRBEEeRIAE(E ey b hoL-TaR St CRRU BooalhF Pk RS el e
Other preferred molecules of encoding include, but are not limited to

transcription and expression activators. The transcription and expression activators include

20  genes and/or proteins that modulate cell growth, differentiation, regulation and the like an
are found in prokaryotes ,viruses, and eukaryotes including fungi, plants and animals.
Expression activators include, but are not limited to cytokines, inflammatory molecules,
growth factors, growth factor receptors, and oncogene products, interleukins (e.g., IL-1,1L-
2, IL-8, etc.) interferons, FGF, IGF-I, IGF-1I, FF, PDGF, TNF ,TGF-a, TGF-B, EGK, KGF,

25  SCR/c¢-kit, CD4OL/CD40, VLA-4/VCAM-1, ICAM-1/LFA-], and hyalurin/CD44, signal
transduction molecules and corresponding oncogene products, e.g., , Mos, RAS, Raf, and
Met; and transcriptional activators and supressors, e.g., p53, Tat, Fos, Myc, Jun, Myb, Rel,
and steroid hormone receptors such as those for estrogen, progesterone, testosterone,
aldosterone, the LDL receptor ligand and corticosterone.

30 Preferred molecules for encoding in the methods of this invention also include
proteins from infectious or otherwise pathogenic organisms e.g. proteins charactcri:_stic of

Aspergillus sp., Candida sp., E. coli, Staphyloccoi sp, Streptocci sp., Clostridia sp., Neisseria

-14-



of various cl asses of rmf“@;;ul es such as therapeutic proteins such as
erythropoietin (EPQ, 10 insulin, peptide hornones such as human growth

hormone; grow h factors and cytokines such as Neutrophil aetfy,
5 me?@él

peptide-78,32%§ , Go(3, ROy, MP-10C, MP-16, MP-1, epi
growt h factor, T1broblast growh factor, hepatocyhte growth factor,

insulin-like owh factor, the interfer . the.interl euking, keratinocyte
growt h fact8r ,%r"‘elr gefelriageq fﬂ?i}g‘f%fCBB‘iﬁt?ra‘é’t- g}lllg" ‘%%'og‘fpg?‘f%l‘fcﬁ@fs ‘E@éﬂ,"o’?‘ﬁé@;'

pl ei ot r opi rUe§ﬁ: § 581 LedibAARdp., X5i }eﬁ’,gﬁ_?c%%hé Fi8Gh OUSmbRy&es sy 2 N6 HLAE

endot hel i al rgrova\f’ﬁ fgct%érls VE%!‘E—- i,ﬁtréléé%:- B, VEGFt-eCl:, bVEcglg-DJ,} plsgcent al ?
growt h f actspr, QHRu@Elqg spetRickettsigrsputdoxiela spr Ehiikchia 5iG- R8maligeCEFycellasol ubl e

receptors (&£.0..1L4AR. |L-1 L--10R .soluble T- |, r.ece A etc.), and
the T ke ClrdiiaFErbeleqmieslies oo B DRNAMESERL PRI A hGed

l'im tedst o Ofh@ipfvirdéds OsDNA v 4§ S%Ebelesdell vators. The transcription and
expression activators include 20 genes and/or proteins that nodul ate cell

growt h, differenti ati%ilothesguitzhle melesnlgs instndeinueletprpcidins/qraplging that act as

pr okaryot es._yiFr.use | di URg| i mal s.

B epr oset on WEHSSET e R IRt FFerblerkt It g P S e (28

i nf | ammat orptoteases Citlchases, #iddwabesh agt ors, growth factor receptors, and
oncogene products, interleuykins (e.g., IL-1, IL- 2, JL-8, efc | nterferon,
FGF, IG--1, IGe-11, Hireteppdmolegnfes inglpdegnenegrs of reé@é, %N@hesyz‘sf iy or

CDAOL/ GgA0, 4, M Bnéa¥irpMidins, | ke dddsE Qé;ﬁl m&&%ﬁ@xﬂfuis%%mes'k’&gw") canlvl?)eS

transducti on nol ecul &s and corresponding oncogene products, e.
RAS, Raf, adederniiidd byaprdteinr fanstion pidiarbylseqence/dentity vathdotberpmesws of the. g. |

53, Tat, Fgs,, , Jun, b, Rel, and steroi rmone_recept qr uch as

Phose for oty S0 MRt Eicangs deieroe] & SR oo HEOh SroRe A

receptor |igamde@RBart af lehd AB6RBOM eqitheBiRh A, RbrdPleRFaHIP &t et 28RRBUVNT | N
the nethods of this invention also include proteins frominfectious or

ot her wi se pisghensendentisy aulhesiprasergblyt easfishoutdids sequendeddendity;f In cagipiay gi | | us

sp., I da . . tall t.aphyl ocecoi, s t r ept QcCi d,dia sp.,
i ssorts “lgifocs,iris dsStie MBI RSThs® Bige v IBY B 1efnan, SR 504

Hel i cobact egeqaénce idénfity)Pht RignificalebitalbRl Ssiph meBRds d@nmdlEnom in the

Ureapl asma Sp., LE%I onella sp., Spiraochetes, Mycobacteria sp. ., Actnonyces

sp., Nocar dbiginfepnaticglifesatyigiaad Hypicallginvalye wperpapstion ohygolaculgr EPding palistns chi a
., Rochal . -0 i . : |
2Pt omon v R aEuREy SR, L) onf (bt ifen BBl FERALE D Bprnch 1,

viruses, reinchiesithireading algorithms”, Threading algorithms detect remote homology by

20  comparing sequences to structural templates. If the structural similarity between target and
template is sufficiently large, their relationship can be detected in the absence of significant
sequence similarity, Threading algorithms are well know to those of skill in the art and can
be found, for example, in the NCBI Structure Group Threading Péckagc (available from the
National Center for Biological Information (see, e.g., http://www.ncbinlm.nih.gov/

25  Structure/RESEARCH/threading.html) and in SeqFold (Molecular Simulations, Inc.).

B) Encoding the biological melecule into a character string.

The biological molecule(s) are encoded into character strings. In the simplest
instance, the character string is identical to the character code used to represent the biological
molecule. Thus, for example, the character string can comprise the characters A, C, G, T, or

30 U where a nucleic acid is encoded. Similarly, the standard amino acid nomenclature can be
used to represent a polypeptide sequence. Alternatively, it will be realized that, to some

extent, the encoding scheme arbitrary. Thus, for example in the case of nucleic acids the A,
-15-



Still other suitable nolegul es include nucleic acid..and/ or proteins that

act as inhibitors of tradscri ption, toxins of crop pests, industrially e
i nportant enzynes (e.g. proteases, nucleases, and |ipases) etc. Preferred
nol ecul es include nenbers of related "famlies" of nucleic a'CSdﬁUl?rZ ﬂjo

thei r encod@dl.pPB¥ei0ns. Rel at edness (e.g. inclusion or exclusion rg t he
"famly") can be determ ned by protein function and/or by sequence

identity wiQ, G, beU darib espeeseited by thefiawiéry 1, Sk demaks, irebpadtively angthdrucleic

determ ned as, descri bed herein and preferred famly. nbers, share .at. | east
about 30% §§’(ﬁ‘d‘éﬂ2’§ reRgsenic 9?%&5%053@%%%3? winch iwisellaspee @l tRicaibhce
identity a Y0 BRAHSAER, the 8fflbdiYal | N
certain 15@%%?2%@2{5',%%&3@&& egPérxg%ISdtée ?E@P%Sgﬁ)ged/e nol ecgl es thatélh%ve | ow
(e.g. | ess mdleculatoube e208ded istoguibameter geng whple, eapli{'subimgitli ¢fi theimolecule is

rel at edpess. SclJeﬁh met holﬂs are wel | krgown ifg[ th§. Pi o] nfoEmati o literature
and t ypp calP§OdeIRP A SR L FAPER A Gy | A TN o 441U %?rte%l’a’ﬂs with
sequence/ sirghkahmtdiint HeQlsFHoEIe (EREwhOETBT AP R M iepfRertéd S1i¢ bnédwith
approach includes "threadi ngﬁ&! gorithms”. Threading al gorithmnms detect

renot e honwppeppripie rRMters igsat eashgestescedo structural tenplates. If the

structural simlarit A t te | f | e,
their relationship cgl;{]%%églﬁép aelcrﬁ&elgs%ltlensaatﬁﬁg’emg%ggdnkgee&g?&éi ﬁg{?i I c%r%wessetg%tgnce
si mi I ari ty.ard biseethsiglebtgapd. Mok cplicstd dikaeuudtares o amafs, dkked listsy the art
and can be found, for exa

) : ol e, in the NCBI Structure oup Thr eadi

Packagd 0( aviafexss stugtrrssinchidingyhus not imited 9 databases @ ‘{Woﬁ%l&%le‘q’}ﬁaﬁr"?ﬁé‘&%on
(see, e.g., X AT i v/ 25
Structurel &E%%kﬁ%ﬂ" rgggf?%lgﬂ{ﬁr#wﬁﬂ% in SeqFold (Ml ecular Simlations,
Ib_ncl. ). B) I Enclodi nlg t rEsséﬂtiallpghjzgﬁta m_mhcgdrmul_oepeibm ?aapeamas_ aqm&mrcsagte; anyl r_eilﬁﬂleralt

i ol ogi ca ecul e(s) ar ncoded into.character sirings. In the si es
i nstance, t é‘@l’h@?ﬁé@éﬁ“ "ﬁbqetﬁﬁloglé‘g]i ‘B&ﬁ?‘fk& )‘Srsﬂlt?%r%% %&Pgbeﬁ%?p%tb@sﬁ?é ®to
represent the,bi I?é}f&gin%hallf@}&?Wéﬁ%&n&ig‘_&{ﬁiogafpg%m@&?dfﬂle?etc.t)hﬁ'eﬁ:lﬁ;%ﬂ@ﬁiaer string

can conprise the characters ) U where a nucleic acid is
encodeds Sistivchwesare dife syuctmga it can beonardpulated ephiedlytandier elgptrepicallysad/oro

represent a_pol ypepti sequence, Alternativel i i . | Z t hat ,
to some ex?lgﬁﬂe%g?elﬁyem@ﬁ&%? SRRl 'i?!t ?tg'faﬁgmf%é‘é&tlf(l@re p%)?{ég ‘% ’n" t he
case of nu%&bgﬁn&?.i ds the A -15 3271.002W00 5 AUG 2003 C, G T, or U can
be represented by the integers 1, 2, 3, 4, and 5, respectively and the

nucleic acjid can be represented as a string of these integers which is
itsel f a siHld e Seleefings |l arge) integer. Other coding schemes are

Iy
al'so possible. For exﬂln;)]!;r%ferrteg%m@ogiln%%, %ﬁel, character string encoded biological molecules

20  provide an initial population of strings from which substrings are selected. Typically at least

two, substrings are selected with one substring coming from each initial character string.
Where there are more than two initial character strings, it is not necessary that every initial -
character string provide a substring as long as at least two initial character strings provide
such substrings. In preferred embodiments, however, at least one substring will be selected

25  from each initial string.

A) Substring length.

There is essentially no limit on the maximum number of substrings that can
be selected from the initial strings other than the theoretical maximum number of strings that
can be generated from any given string. Thus, for example, the maximum number of

30  substrings selected from an initial string is the number of strings generated by a complete

permutation of the initial string(s).
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nol ecul e can be encoded ,Lgto a character string where each "subunit" of the
nol ecule is 5 encoded intd a multi-character represeni ation. Alternatively
vari ous conpressed representations are also possible (e.g,, Fe)n
recurrent notifs are represented only once with appropri ated phillnt %

i denti fyi ng2ALAVWBCurrence). The biol ogical nol ecul es al so need not be
encoded into data structures that are discrete/single strings. Mre

conpl i cated data st runtmnﬂmt(abstgng af redajivelyl inodestiehgts] lmowever, itedaelgr of

structures including, ot limted to,d ata tabl e tC.
can al so bRCIALPnE éﬂé‘  HesynoF 5?%%?%%43@8%? éﬁ% ?uq’ %%géﬁ{e Sg ‘i/eﬁa{ﬁ"ﬁ
data struchyifif3RaR s%clli fat th@%ﬁl’i@tﬁﬁ%s'dﬁﬁﬂﬁ ovéilapl #BressHAGinbRlef Waydha of a

representation of the biological ecule(s) is suitable. Wile these
oper at i onspmﬁ&rrddeembxdunnpl uhs alastriregs deind yny( enegnitial stinpaisselecigd quiietbelthese

d-f data 15, st t
Do mani bul SiFeiitgs:F LErE) b recsopiet T ARG Bk e P bAS WR MG R A,
t hus perm@h%ttgﬁgﬁqele%gt storage and out put operations (e.g., by a
conputer). IIT. Selecting substrings. In a preferred errb@éil ment

character string enceferres sibsgnesaremsoselsried so sptogioshe 4 shasf- trﬁﬁqlca”y a
opul ati on |

enst two, sSttdle B Af BOLEPLET 4R i s 18 BEcRBhPA roplbR By it
initial chafdrtepcodddrbisiggicaMheleeult.nEhes, &fre:xample wham thmcodndblellogmhbr acter

strings, it |s not necessary that ever n har provi de a

substr ﬂq’ig HOlecgiyis adusglelq @ﬂiﬂ‘et‘;ﬂkﬁt‘i‘ﬁ*ﬁ %llla" ﬁF%‘?,”t ﬁ"?‘ﬁﬁg"%é’\? de such

SUbSt 11 195 nul o ' SiRHy APRACIHIRAL Sted bRUIB i%ﬁbmél&cdl@ﬁsat e

be sel ecte Fomeach initial string. Substring 1ength. There is
essenti al | willbellong ¢énonph tdat lemkencode qnm:tmmoaf:ldsubst rings that can be

selected fromthe initial s,. ot he t theoretical m nunber
of strings that can Iﬁe?rﬁ%‘ﬁ%{ﬂ?n%@?%%tgﬁ t‘?}ﬂilfbgqugﬁ%co%at fe ?lg'%uexanpl e,
the maxi MurpryuriBe) atQéassh), :ﬁél%%&éfb:@ﬁ@ a% ®d28C10 gl fore praferabily wblleass 20, ang rhest t he
nunber of strlnsgenerate a conplete pernutation of thelnltlal

string(§). pr lyrad lgast 30,3291 %mm@wﬂﬁmfﬂiﬂ qucadedshiplogigabmolegylss i vel v
nodest | ength, howev nu r us, i
preferred grrbodi ment ?ﬂb{;@géﬁ? nbg:?schélJ "gn t?eé%@q Oz{dlﬁq‘rbaﬂ&%%q Olﬁbfm’gl H

organization. For example, a substring can be selected that encodes an entire gene, cDNA,

mRNA. Ata "higher" level of organization, a substring can be selected that encodes a series
of related genes cDNAs, mRNAs, efc. as might be found in an operon, or a regulatory or

20  synthetic pathway. At a still "higher" level of organization, the substring can be selected that
encodes the total nucleic acid (e.g. genomic DNA, total mRNA, total cDNA) of an
individual. There is essentially no limit to the "level of organization" that is captured in the
substring(s) as long as the initial string from which the substring is selected encodes a higher
level of organization. Thus, where the substring(s) are selected to encode individual genes,

25  the initial string may encode entire metabolic pathways. Where the substring is selected to
encode an individual's total nucleic acid, the initial string may encode the total nucleic acid
of a population, efc.

Conversely, the subsﬁng can also be selected to encode a subunit of a

particular level of biological organization. Thus, for example, a substring can be used to

30  select a particular domain of a protein, a particular region of a chromosome (e.g., region

characteristically amplified, deleted or translocated), etc.
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an initial string such that the substrings "do not overl ap. Expressed

another way, in a preferted enbodi nent, the substrings fromany one
initial string are selected such that those 5 substrings, if ligated in the
correct order, would reproduce the conplete initial string- BOﬂU@V@bfh t hey
are sel ect 8971.0023460r ed substrings are also selected so as to not be” unduly
short. Typically a substring will be no shorter than the m nimstring

| engt h necessar B?t O KABStPmeRblettith Mpdthinis, Of the encoded bi ol ogi cal )
nol ecul e. Thus, "Tor exanpl e, ere the encoded biological 10 nolecule is a
nucl ei ¢ aci d the subginyiofig wiilé Varley dfupgroanimsghn bousl tb sdlettedihe sulestmmgls),
nucl eotide. Sim/larly, where the encoded biol ogical. nolecule,i
pol ypept i dé‘lﬂcﬂi’étl‘é‘{!gsaﬁ’lf’f%gh beipg fetpgnin @FIBU’&EF?T g"%ﬁ%@ﬁé’?mﬁ@h@gd&e%ﬁ@ ani no
acid. In Pfsafsgtfdn%g,ﬁm&'iﬂaﬂ&é but REndiGIniediad rﬁmeﬁmbaangga@%% lifdr@ast

y east 4, f bl I

two, prefera fore pre erably at |east 10, still nmor e
pr ef er abl y sabstdiensdectiOn, motif-asst seletBoprbgemetbpsest selegten, 280 freqermey-boeed or

1000 subunits of the encoded.bi ol ogi cal | ecul Subst.rin an. be
chosen to SEEEHATe HheFamesEbsne SleLe\‘?ﬂ?n Wthgﬁélfz Oigfi ap }6855?1 iegeé'& ?@ﬁ%l%%rracmr
exanpl e, a gubShid RtheF&ffeRAt SB5ERE A edtRmaRRAA baRsedTbr diffeg@nmitial DNA,
MRNA. At a "higher"” |evel of organization, a substring can be selected that
encodes a stirges In additia, itieposgivirete appinasyltipiRabstring selecHen Fegiods Bramdpifial i n
an operon, or-a regulatory or 20 synthetic pathway. At a still "higher"

| evel of orcg‘gﬁftfﬁf“%l}%, t he substring can be selected that encodes the
total nucleic acid (e.g. genonmic DNA, total nRNA, total cDNA) of an

i ndi vidgal . There is lgssemRdmlohysubstringdelectiont he "| evel of organization”
that is captured in the substring(s) as long as the initial string from

whi ch the substring ils onekieqiesbpeoacbobe sebstringfsd can besed¢ctask rapdayalyi on.

Thus, where the substrin ) e,.selected t.o epcode. | ndi vi | 25
the initi a|aPQf<}aPﬁﬁ %9"33%‘35%‘?‘5%‘?’? 0%%3298@?? 8%@?‘?&%?“ aifplelplitie s
substring isbefhsE) §CmiPmuMn wENark Bslbe/dctietdd forh @i ahcoded tivirsctacirthg dthe
initial string may encode the total nucleic acid  of a popul ation, etc.

Conver sel y,length "Mib%leavage poinisheandeselestef ssinga ransloprauselsr gergrponpredpging

particular |evel .of.bi.ol ogi.cal i { : _ ; Shil NG
Ban be waednfEEs uiclife PGy BIEAP k] Blend Him L AP EXRROR bR
region of astehgsp.MOEmeRal{ SubGtringgof Rgithhess dandcaredissandedl |y anplifi ed,

del eted or translocated), etc. -17 3271.002 -5 AUG 2003 B g‘&bst“n‘g
sel ection al gorit his. In another approach each position along the character string 15 addressed {e.g.

by an integer ranging from 1 to N where N is the length of the character string). A minimum
substring length "L" and a maximum substring length "M" are selected. Then a random
20  number generator is used to generate a number "V" ranging from L to M. The algorithm
then selects a substring from position 1 to V and position V+1 become position 1 again. The
process is then repeated until the initial string is spanned. _
Other methods of randomly selecting substrings are readily devised. For the
purpose of this invention, “random" selection does not require that the selection process meet
25  formal statistical requirements for randomness. Pseudorandom or haphazard selection is

sufficient in this context.

2. Uniform substring selection.

In uniform substring selection, the desired number of substrings to be
obtained from each initial string is determined. The initial string is then uniformly divided
30 into the desired number of substrings. Where the initial string length does not permit
uniform division one or more shorter or longer substrings may be permitted.
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Any of a wi de variety of -approaches can be used to selected the
substring(s), the particular approach being determ ned by the problemthat
is being nodel ed. Preferred selection approaches include, but are not
limted to_random substring selection, uniform5 substrin u&ﬁé | on
mot i f - based?Eef&NP8n, al i gnnment - based sel ection, and freg ﬁﬁ ased

sel ection. The sanme substring sel ection nethod need not be applied to every

initial character sBsingMdiiftbased sedectignf f er ent substring sel ecti on net hods

can be used for different initial  strings, In addjtion, it i E §BSSi ble to
apply multiple subst Prbrings|cae be stlesied Foradhg itigh strings psing mofifhaseg selection.

string. 10 : g%gh St 1 | ! ' 4

substri ng(é th(‘::!;ﬂﬂ’ e s’:tpgg%{éﬂ%ggﬁggﬁ%ha&%é gcagllgg% gdég%egccggg{cg\é;g?%%{?grf or

t he "randoptessletted triotifs. Ofhesubsting 3gken detacteesacipthat thelkeadmiat(s) sfitistsnbstdls) of
mnimumlength "Lt" are to he selecfed from an.encoded character str.ing of
length M PCQLEI‘%%PE'Q‘E ‘ﬁb";ﬁii rﬁ’@é‘“’“@éﬂfoﬁé‘? E’QPEC R ffgicfﬁﬂ“ Sy ﬁa’b‘ﬁ? ‘&thm
generator RLAGUE hﬁt%r%a'in-' N QG Sirdab A radeled B dRRRbel O%BLARN 4 eheSdrdl JTHe

ranging fromL to (to avoid short termnal strings). "Internal”
subst ri ngs nwftif]l engt h | ess than L are discarded. In another approach each

position along the character string,is,addressed (e. n_integer
ranging froml to N aﬁgpéottlﬁc%ﬁ? ?‘Pégqigtﬁgtaﬁﬁg?%%ét é%&gg%ﬁtg% p???%r%s)&%A
m ni mum S[?B?éiéa{l @gedt%ﬁﬂiokbog'iédl nivfeduRe. Mk, U Ggld, ihee: the efdoded Molsgieul
sel ected. Then a random 20 nunber 1igenerator Is used to generate_a nunber

"V r ah@i ngndlewls is anycleic apid the wetif aanbe selgetrd terellestdhebindingspeaificity ofa
position 1 YA b1 V1 bec |14 [ 4 | S
Phen opeat ergligtlapRRIdeLO0. o) FooRSr BIRIEBUBHET LK) L prblén L RAGSRS, d
random y seglagivilan gntsonleson jngsion atranepeboh yandaki¢ Klel . Sifniarly lndherepthe posdedf t hi s
i nvention, "random' selection does not %ggéjﬁre t hat tBe sel ecti on process

meet 25 f Giolagicalmeleals 1A proteyy fheanelf ecf 3 RERSTASE B IMESHE PRI M or
haphazard L i KT | Sarkidi Linhdi0deetBsdd | NQ
sel ecti on. ﬁé\ﬁﬁ%%l@éﬁ%&gﬁ%ﬁﬁdﬁi&%@g delght:fl&c}ir?r %ga’?gscﬁ%%lmnunbtgr c?f subgrst ri ngs
to be 16bt akglen, drepitopgete.i nitial string is determined. The initial string
is then uniformy divjded, 30.into the desired, nunber .of substrings. Were
the initial string | qﬁﬂi&d’é’ysﬁ‘&fg‘a‘ﬁ‘g“rsr?ﬁ’t°ad‘rﬁ°PIﬂ11?rP?I§€/‘f1§’i%‘ﬁafo’H8“ I nore

shorter or Jipn@edteinsBai Kdve Partieatar SfzaP RIoRES dr@lfbr padRuBe Zhil R Rotifs, efc.
Motifs need not specifically reflect primary structure of the encoded

biological mdlecule. Secondary and terl:ia;ry structure motifs are also possible and can be
20  used to delineate substring endpoints. Thus, for example, an encoded protein may contain a
characteristic a-helix, B-sheet, a-helix, motif and the occurrence of this motif can be used to
delineate substring endpoints.
Another "higher order" kind of motif can a "meta-motif" e.g., as represented
by a "fragmentation digest." In this approach, a substring endpoint is not determined by the
25  occurrence of a single motif, but is delineated by coordinated pattern and spacing of one or
more motifs.
Motifs can also be selected/utilized that do not strictly refiect sequence
patterns, but rather the information content of particular domains of the character strings.
Thus, for example, U.S. Patent 5,867,402 describes a computer system and computation
30 method for processing sequence signals by a transformation into an information content
weight matrix, as represented by Ry(b,1). A second transformation follows which applies a

particular sequence signal to the information content weight matrix, Ry(b,1) thereby
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5 AUG 2003 3. Mdtif-based selection Substrings can -be selected fromthe
initial strings using notif based selection. In this approach, the initial-~"
character string(s) are scanned for the occurrence of particugl%UG 9003

presel ect ed m)tlfs The substring is then selected such that

endpoi nt(s)3 or-0Q2¥08upst r i ng 5 occur in a predefined rel atlonshl p to the
notif. Thus, for exanple, the end can be within notjif or " stre %

" downst ream‘odacmg@s@h@cl{ewhmljlrﬂ@mprms theindhidual informatica Ceﬁtﬁmo‘? ARFEICURSt j f |

The nmotif can be co rb| r of a
physi cal ag&Ht" gt Sl%n @Ejher é\?pa} hé%:%l ﬁéc gf Mm&?&l rgﬁéﬂgﬁétl&%n%?g%gfagﬁé oded
bi ol ogi cal sihgBeteatsd nowe (Fecttisd Stadena (i 284) NueledoAcids Rasn 1Be58%5 K Sebhetider

el o1 s, Ml BB S
| nt ron/ %Xonéwgfdggfﬂuc 1ct;{<]"1‘&‘§ﬁ&5%§2021t@9t7*@0b'§& eHall(1988) Y. MAEBoll,he

encoded” bi ecu t he |f can reflect a protease
bi ndi ng si 280(4: POPTRIN binding site, a receptor binding site, a

particular ligand, a npl e arity det n [ a if ope,

etc. Simlarly, pol yﬂgﬁrﬁﬁ?tﬁg@t aﬁﬁé){’et&wpf%‘%ﬁfﬁhﬁ&&éa??gg Saﬁnhguggﬁgg%t fs

gl ycopr ot eifign Rn?Mthpd’dhhbﬁ&Hgacﬁe SO s'iIBéthﬁ? foerta spiy dodonllcrta sl ddonci d
notifs, etc. S need not spemﬂcallg}@ref primary structure of the

encoded biin itegias@bf arotreodddeuckicenidl arpethionine cona patyadsnylation signalin the sasg e
al so pg Si blfe and. can be 20 used to delineate substring endpoints. Thus,
for ﬂpl Pf AP 6ed protein may contain a characteristic a-helix,

n-sheet, a-helix, notfesand naéiﬁ‘rﬁe@wtrbemﬁgmartotche@ initial fequarce bin zuklﬁd)m;o
del i neate substr| ng endpoi nts. Anot her | gher_ or der" ki nd  of {nTqu f can a

"met a- not i fmultiply. motafs, metpreafif edior MytimetspRiReATRIMAGANYTYIGAPPIGOARY 5
approach, a_substring endpoint is not determned by the 25 occurrence of a
single noti PGt i s del i neat ed by coordi nated pattern and spaci ng of one
or nore notifs. Mdtifs can also be selected/utilized that do not strictly
refl ect sequence patd.er nsAlipmheuntdbdsed s¢letionnf or nat i on cont ent of

particul ar domains of the character strings. Thus, for exanple,

Pat ent 1, 867, 402 deschi a@e@eaamnn@htsebst@wtweémecmhﬁwﬁw036‘1%!%?4 for

processi ng oo 3 in LRk ARSERLEN!

wei ght mat rﬁ?@?,gacggsﬁérwgﬂ‘iﬁ%o(ﬁ%@fﬁo%ﬁﬁﬁéh n%%ﬁtﬂg 5&% ans oramatttpilB n fol  ows

whi ch appl i §Secd theldid bﬁtﬁ'cﬁ&h&sﬁﬂb&ﬁﬂg@ sTigRafor krarhple, dftet aseqiencraligonceht

wei ght matrix, R (Db, t her eby &
substrmgs may be chosen such that the endpoint of the substring(s) occurs within (e.g., in the
middle of) a region having at least 30%, preferably at least 50%, more preferably at least

20 70%, still more preferably at least 80%, and most preferably at least 85%, 90%, 95%, or

even at least 99% sequence identity over a window ranging in length from at least about 5,
preferably from at least about 10, more preferably from at least about 20, still more
preferably from at least about 30, and most preferably from at least about 50, 100, 200, 500.,
. or even 1000 subunits.
25 The terms "sequence identity" or "percent sequence identity” or "percent
identity," or percent "homology" in the context of two or more biological macromolecules
- (e.g. nucleic acids or polypeptides), refer to two or more sequences or subsequences that are
the same or have a specified percentage of subunits (e.g., amino acid residues or nucleotides)
that are the same, when compared and aligned for maximum correspondence, as measured
30 using one a sequence comparison algorithms or by visual inspection.
For sequence comparison, typically one sequence acts as a reference

sequence, to which test sequences are compared. In a preferred embodiment, when using a
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-19 - 5 AUG 2003 3271. 00 produci ng a value, R, -which conprises the

i ndi vidual information coAtent of a particular sequence signal. O her
approaches to the determ nation of information content of -~chaji 2663
strings ar aI ﬁ&%m (see also Staden, (1984) Nucleic Acids Res. 12:
505-519; S (1994) Nanot echnol ogy 5: 1-8; Herman et al. (1992) J.
Bacteri al . pp 3558-3560; Schneider 5 et al. (1990) Nucleic Acids Res.
18( 20) : eogeqt@ng@coraeargon élgoallhm teso@) reforengg [sequBness are pBLInLY 2 Corptery3) |

O her notifs,that ar f. | for
SRR SUT AN DS s e R Y
codon, or zpasetn%térs @mhwlgnatad m@seqas:ﬁ:e@bmmmmogimmnmmnmatnummhe percent
nmet hi oni ne, éaden%l ation signal in the case 10 of a %rotel n, etc.

The same miseqtcnie KM AGLoEEe KshHABENGE) aaip P fa telirense seifaes brrd adhe i on
mul tipl e nm [or notif/meta-notif conbinations can be
appl i edgto &gﬁlﬁateggt%nrﬁb%& I'gnnment - based sel ection. 15 I n anot her
approach substrings atkgmmineatdstqbgncalcogpinsgn tigorghmsane avellinopalto thdsapéct er
strings and cho mg E ions . of high. identity betwe gfn the initial, strings
Tn which t SNILG B e Far e, APL g ieREen S ieRg a T CoRALioos &R bl e,
after a Se%@ﬁﬁ%@kdcﬂw%ut not Yinsited!td g 1H@a¥ h6Boloa) aRidritiif Bf Shah & Weiterman

endpoi nt  of e substring(s) occurs within (e.g., in the mddle of) a

regi on havi(@§8Btddvedsple3dath. Pri82.ghahomolagy a@ﬁmengglgpnﬁm of Neadleman I&yW&PCh

| cact ddv @53 -batet et 4By TRe derlin LESTUH eBBY SRR £ LSRNV,
rangi ng i n pRRoNkI AL Sit. USaKS: a6y &)mpuwrgéeilﬁbllemeﬁﬂaﬂmsadf thaaalgoaﬂnm
10, nore preferably fromat | east about 20, still glg gref r abl é Elo 0

| east about(ezd GéBdBESEFITpFéSEAaB’I@TE@m!n GOEEere §and{gfro

or even 100 ﬁsu? T ﬁlargf'eri‘dk & tﬂﬁt‘b t
seqguence idée)n Qﬁéc?)(rﬁgesg Cgﬁetwsrc ‘?%@é{%@?rg percer?t eﬁoﬁ%? ogy’ ﬁ‘{btr‘llﬁr he
context of Greupps7318¢iendeiDal, ddadisin, m@,rarmglvmuuil iaspecfien (ee gercraihcAmuiabde e
pol ypeptides), refer to two or nore sequences or subsequences that are the
sane orthav@-duBigdci fied percentage of subunits (e.g., amno acid residues
or nucl eoti des) thatOﬁE@xagﬁ@ of4h mm&%@‘@m@wﬁtéﬁmﬁmﬂmm
correspondence, as neasure 0 u3|ng one a sequence comnparison al gorithms
or by vi suasequesqeendiphment from a group of related sequences using progressive, pairwise

alignments to show relatlonshlp and percent sequence identity. It also plots a tree or
endogamy showing the clustering relationships used to create the alignment. PILEUP uses a

20  simplification of the progressive alignment method of Feng & Doolittle (1987) J. Mol. Evol.
35:351-360. The method used is similar to the method described by Higgins & Sharp (1989)
CABIOS 5:151-153. The program can align up to 300 sequences, each of a maximum length
of 5,000 nucleotides or amino acids. The multiple alignment procedure begins with the
pairwise alignment of the two most similar sequences, producing a cluster of two aligned

25  sequences. This cluster is then aligned to the next most related sequence or cluster of
aligned sequences. Two clusters of sequences are aligned by a simple extension of the
pairwise alignment of two individual sequences. The final alignment is achieved by a series
of progressive, pairwise alignments. The program is run by designating specific sequences
and their amino acid or nucleotide coordinates for regions of sequence comparison and by

30  designating the program parameters. For example, a reference sequence can be compared to
other test sequences to determine the percent sequence identity relationship using the
following parameters: default gap weight (3.00), default gap length weight (0.10), and

weighted end gaps.
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For sequence conpari son,.-typicall'y one sequence act.s. as a reference
sequence, to which test séquences are conpared. In a‘preferred enbodi nent,. .-
when using a -20 - 5 AUG 2003 3271. 002W00 sequence conpari sofs AUGolilBhm
test and reference sequences are input into a conputer, subseguence
coor di nat eS23r.802N60gnat ed, if necessary, and sequence al gorithm program
paraneters are designated. The sequence conparison al gorithmthen
cal cul at es t he per cennotiee qrummmniieof dgorithtnythdtos suitabletfesdeterauniagpercent rel ati ve
to the reference sequence, based.on the i te rogram par f.ers.
AT gent | SFCBEG JEHE SEO RIS R R c bt v O S ARpRBELRLS
skill in thﬂts@ﬁlg'et EPFI@’G?M@& BRI 1RRI03 210 I 8EBRAreThr SREHARPEISLAST anal?/ses

e alg

conpari son can orithme including, but not limted to the |oca
honol ogy aligputilichmailaigailirbugh theNatiowed Cepteo Bt Bigtachnojgey laformatian.  2: 482, the

hormol o al j gnnent al.gorit hm of, edl.e n. . : - 3. Bi ol .
48: 443, Sby EHE/SRaYREPIAP-D -$ﬂ"l’)aEﬁ?@alﬁ%ﬁ@d‘%&%gg?ég%&ﬁ%g %“ﬁi‘ Sf%@i%’s)

Proc. Natl .seqtede pa?tEsC(HS{Pge)AGiRBﬁlé thg shyrt G@ERUIfeEgeW inrtht quaeyn sajuinres whfch
these algorithms " (e.g., P, BESTFI T, FASTA,  and TFASTA)..in.co rci.al
modul es anditer wateher satiafy somsrropive-vphied fuesholdscgre T when Hizved Maie W&t cs
Software P ' ' X W),
or by i sudht Pitte BRI b BRabRTRMEhoc. o RiBrernd B siihERGEN{ood ReHISESTe
exanmpl e of thredbelfl YA ltedhgberidl hoprad. PhéseliftialRieighbBrhooé stoedhids antikg segtlefor

i i 90  cniGHRBAEEoHeD (L AUNR oG e Bor (e B RN GUER 11
al so plots lgqtf, BiffEcths gréﬂg E%%ysﬁgﬁ@% R éq% bR a6 téhffuldie BRERhéRBsdE B bsed to

create the I gnnen sinplification of the progressive
al i gnnent niatfeaskdo ExFensipn & Beokirt tite ir 4208 djredionis halted othen3the sgpulaive The

met hod used js simlar_to e t ho cribed by H ggin

CABI OS 5: 15AllepgEnt seqre fﬁi‘%@@ﬁh‘ﬁ%ﬁ“‘i&&@ﬁ%@& m%U6"‘§"e%°3“eer¥§%§?1§§g‘féﬁc‘g’%a§8%
maxi mum | engiohe odeks 15700 9r BeleWeie 1 ee RcudBlafion 8fordsor nidte nogstive-péaring regiduent
procedure begins wth the pairw se alignment of the two nmpst simlar

sequencks, igshenisygr the chd of eithepsequarseds regeled- The Sl Ehelgenthmpagapeteis Wy s
t hen aligned t e next ,nost .r.el at e Qr j %g
sequences. -’C}V\%l%c* Eigtpgpgw(tjt}e CRHHLRC Scfjsg?g&]%ﬁﬁéﬁl& be§' ltg? ﬁfﬁn%ﬁgT&?(t%ég%gi (_)%S of
the pairw geadkd ORERIEneE (WSS 110 dieBIUSUNSR guaipanatriXfecefHanitofbkitipmienft i s
achi eved by a series_of progressive, gai ri/_vi se al &B%nr}:%et S. The uD(EB%E"%n S
run by desi (4980) Repcsati4qad. Seqtieh 884 0515) alignments (B) of 50, expectatio )
M=5, N=+4, and a comparison of both strands.
20 _In addition to calculating percent sequence identity, the BLAST algorithm

also performs a statistical analysis of the similarity between two sequences {see, e.g., Karlin
& Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5787). One measure of similarity
provided by the BLAST algorithm is the smallest sum probability (P(N)), which provides an
indication of the probability by which a match between two nucleotide or amino acid

25  sequences would occur by chance. For example, a nucleic acid is considered similar to a
reference sequence if the smallest sum probability in a comparison of the test nucleic acid to
the reference nucleic acid is less than about 0.1, more preferably less than about 0.01, and

most preferably less than about 0.001.

The above-identified similarity algorithms are intended to be exemplary and
30 notlimiting. It will be appreciated that similarity can be determined across the full length of

the initial character strings or it can be restricted to particular subdomains.
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and their amno acid or mnucl eoti de coordi nates for Tggi ons of sequence
conparison and by 30 desi bnati ng the program parametérs. For exanple, a

ref erence sequence can be conpared to other test sequences { cﬁ}gergﬁ@&w

t he percen 76!:9 6 identity relationship using the follow gsg par anet er s:
def aul t ga%2 c@&? 63.00), default gap length weight (0.10), and weighted
end gaps. -21 - 5 AUG 2003 3271. 002W0O Anot her exanple of algorithmthat is

sui tabl e for det er m 8i ng Beaqueney-biased selecBORdent i ty and sequence simlarity
cri bed et

is the BLAST algorith whi ch is de i,n .. Al tschul | . J.
Mol . Biol. 218: 403. 4HbireassREXBRRds ﬁseswsﬁﬁ?ﬁbongﬁ%%@ﬁ‘sa%S&@S&guéﬂ.%%g %)ﬁbl icly

avai | abl e gé}é&%cgaﬁl Wt Hﬁténﬁf)@i?ts%?me%b:fegﬁe@eﬁlj 86 ¢ 2 partichapreldiohstip %o

(http://ww.nc mni h.gov/). This algorithminvolves first identifying
hi gh scor i nghsegeqoedonaipaibetmeeieRsytidular perselected fieguensy critopiopd Eorxapdiyt h W

in the gquery segquepce,. which. either, .nmatch: or I Sf. | Llve-val ued
thr eshofd_ Sbsratp direk BerondeSionrt uoRsra Bple3fks tak e RfE AR e

dat abase sggipRGRtterhs (8g.i8 RS daBslot Dmiteit heid neigh bexidenationnfh G copeats such as
threshold (Altschul et al, supra). These initial nejghborhood word hits act

as seeds fSACACAGACAKIAGY, heaviamiscleeian gia bedleyjarediBmecaio it HIdRPIRGPEAR
The word higs are.then ag))élttﬁﬂﬂn?ge 'e?l deﬁﬁ{)rbﬂhé ﬁ%’tibﬁﬁ‘ﬁsﬁhﬁ’i@ Or £REFOSAGHGRC anf O
i al T gnnen e

as far as muratTv score can be Increased. Extension of
the word hithis iisbineaedpedd desity Bnhamenteabf ectunheres of heutnunit dravbwet melif ppnment

score falls off by the quantity X fromits_ naxinum achieved yval ue; the

cumul atf ve cheraeter §fHas lengthpeasuisd ip gyt nymbes IF?th%?;ghﬁﬁ?ebé'PftW%ﬁf one or.

nor e negat &gsi)ﬁaﬁ%y ng residue 15 alignnents; or the end of either sequence
. e BLA

i s reached ST algorithmparaneters W T, and X determ ne the
sensitivity and speedhns, ih e edainglrsapgesteiinboBt ASTsubswige £an be selecied sughthal| t s

a wordl engt of 11, .the BLOSUMG2 scosin tri ! :
Ceni ko 1 (HoBSpisEdbgR feoumadieosys 5 chaslgg it dorn i WERL B Achotie o
expect at i OnyLdk 204 fibQuenciMover ON-(5h06)aNEr AlcaPMiRiat least &f. 4h0otr ledgties@sthi20 | n
addition to calculating percent sequence identity, the BLAST algorithm

al so pdbf oraase &suhuaitilengtlhd! anal ysis of the sinmilarity betwen two

sequences (see, e.g., Ka{h' in. & A ff§C°ml,se%'?%§?;‘&§%‘8§§ﬂ?ﬁ%‘&ﬁdﬁ%d o2fthe USA

90: 5873- 5787) . One meal AREr GrRAmRIGOf 31t BIAST &l Gor | t hm

i's the smald@sirefddBRpaRRRIar bibuntR( M dccunbneol100% cles aleast Xnshbosits. SFhus
the probability by which a match_between two_ nucl eoflde.(gr (gtrﬂan acti.d 25
sequences viouekangdlewhasg thereaseded bralpgieal spplecule is apyelels aciGapgythe SUPELIP ger ed

simlar to fenosine "A", the frequency-biased selection may set a substring endpoint at the occurrence
20  of a polyadenylation signal (e.g., AAAAAAA). Depending on the design of the frequency-
biased substring selection criterion, equivalent results may be obtained using a motif-based

selection scheme as described above.

6. Qiher criteria.

Numerous other criteria can be used to influence and/or determine the
75  selection of particular substrings. Such criteria include the predicted hybrophobicity and/or
PI and/or PK of the molecule encoded by the substring. Other criteria include the cross-over
number the desired fragment size, the substring length distribution, and/or rational

information regarding the folding of the molecule(s) encoded by the substring(s).

IV, Concatenating substrings.

30 Once populations of substrings are selected from the initial strings, the
substrings are concatenated to produce new strings of approximately or exactly the same

-23-



reference sequence if the;smallest sumprobability iy a conparison of the

test nucleic acid to the reference nucleic acid is l'ess than about 0.1, -

nore preferably | ess than about 0.01, and nost preferably Ie..sg Ni}%rg[}gg)out

0.001. The gz%g%wg)g,nt ified simlarity algorithnms are intended to be

exenpl ary 3 : t limting. It will be appreciated that simlarity can

be deternined across the full length of the initial ha{%’cter st réﬁngs or
° ig:

it can be rengh axthegeren! ipiial steingtr L hasgRANFYCNation can Be RRYOTHISH 4C &3woo

5. Frequengyabhassd oteletdgson- I n frequency-bi ased subsequence sel ection
met hods, the subsequences are selected such that the endpoints of the
subsequence(s) occur i nneepbodiinent, the snbstungsanstaindomly coseaienniridapeodiotrai ns

that nmeet g, _particylar. presel ected frequeng riteriqn. .For a e, .5
where Tt i et B o png seeatid btk ShfdehlPh AR

hi ghl'y Bepeisiibhdtes ussRURELHRALS £TMSntker®r ofier tdeatifi@y.eThS identifites Slechaci d, a
hi gh concentrati on of AC repeats such_ as "ACACACACACAC'), the subuni't

sel ecti on (Ialitddwme]sﬁgth&dmttgc pealde.g. upingehapden numbpogeneton) tid Becur rence of

ion HghBmibe B _ ence of
' i o i nepiAReRes EGRpoI iRk e s BBRERH G oM O lodlbe ERbrcateed 0L,

or subunit dnle.PRhed foitdtBdubéRences hieipptoxitgitblyroeastaced therlesgthofitle nunber
or lengths of the subunit motif respectively. Thus, in tﬂe exa

e
suggest ed sting chasecter srme(s)nige Eeresds slarted aisy ©Rsadycs gpot ?rh?én%ngt‘leri ng
endpoi o] | to - s | O MWt 2t | tif
occur srltz(i)t ;ﬁ?éegaﬁsgﬁﬁe%?égvugb?gﬁgféﬁgﬁ% oﬁasr%}%ﬁtpgﬁg't %@a&?ﬂ@eﬁﬁb@éﬁg‘g%nﬁt | f
| engt hs (i rseldoted Withonawith@awirpthem froemthielsybstring rwolend dkeaprobess ioepeatsh a
selection is ﬁasubstri ng se '%g@%)n hased on the (gccurrence of a particular

subunit at Wi 3desIF 2514 ngde Stpes A Qhtaiged \hunits. Thus, for
exanpl e, where the engaplad -1 ShpsdifRhts WIS, & it Sesired U mBintaiR GeGeRifive bidier

subunit is adenosine "A", the frequency biased selection nay set a

substring eofdpbitringseforming thrcancatenated StOngs ascexjstrdyindemipitial Flongs i Hraranlke g. |
Sel octibh CHRPEPHIRATEAhY G5 St Pl PLsal BT Shv i BeATf SRR elebRa fom
sel ection sghabR singl@nei"BRGe@DOME an Rlentidiqe. gCd péittet)ddelifing thispositivarin
criteriac atrllle ?I?itiglss%ingt (())f thzﬂfsilgs?utllgg re?af]ﬁc'{f/e% ﬂl%e;}ogirﬁg‘n ?}? ﬂ;[eh()?her substrings derived from
that parent string. Substrings derived from corresponding positions in other initial strings are
assigned similar positional identifiers. This approach is illustrated in Figure 2 where three
20  initial strings (designated A, B, and C) each give rise to five substrings numbered 1 through
| 5. Bach substring can be uniquely identified (e.g., Al, A2, ... A5,B1,B2,...B5,C1,C2,.
.. C5) as illustrated. A concatenated string can then be produced by randomly selecting a
substring from pool 1 (consisting of A1, B1, and C2), a substring from pool 2 {consisting of
A2, B2, C2) and so on though poo! 5. This process can be repeated until three strings are
25  reconstructed.

In this concatenation scheme, once a substring is concatenated it is removed
from the substring pool. However, the concatenation can be accomplished by "copying" the
subsequence from the pool and thus utilizing it in a concatenated sequence while still
retaining the substring availability for subsequent concatenations. This permits greater

30  diversity to be generated.
In other embodiments, various alignment and/or similarity algorithms can be

used to generally maintain the relative sequence of the substrings during the concatenation.
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fragment size, the substring length distribution, and/or rat7ch&UG 2003

i nformati oAZ7eGMWYOAg the fol ding of the nol ecul e(s) encoded by the
substring(s). IV. Concatenating substrings. 30 Once popul ati ons of

subst r i ngs lmths smresheshbiequendeh ereiassighed a relative gesitiomin the geraatanalgd sgquence

concatenated to pr.oduce new, strings.of approxi matgly or exactly the sane
-23 5 AUG %@5@?% ?Eg@%ﬁ%ﬁﬂ%ﬁj{‘ﬂﬁ%{@ﬁ?& ‘g%'rglrgfm”lﬁrti al strings. The string

concat enation can be [pgflrQf AR REEMIH, B ihRiaBencotiebbiologial mofectis bedtsonien
one enbodi nent, the substrings are randonmly concatenated to produce

"1 econbi nedélagenshipgeith eavhamtieerafhwso fartexemplsuwherethhensafied malesylen Epresant each

substripg is 5 assigned.a unique i.fdentifl r I

i dent i f P er YPCTRPRLS }“o%%fﬁﬂl%rregzﬂﬁ%ﬁfrﬁg’h H}O?a%g%%dré}&g%flte%ta gﬂé&#a ?Sgﬁslgr?%é) a%gcgﬁr( e.g.
using a raryg?maﬂ&ﬁw TIRNObRigGEnNceoitd ekpetedstushagdenais of signdwpoisiinilgrityo
those identifiers are joined to produce a concatenate uence, Wen

j oi ned subdaadetiencriticel pgioant drataans Bk endiee gopserk ¢ afsp ancrense
starting c el I : | r PE®h

anot her st g gkl ohfs BE BESARdaRer IR, AN RoRRO BT are
utilized. Alhgtbewedey shifveqeubet willtgsd manchstrusidhersiadyewrddiofithen t hdrawi ng

them fromthe "substring pool." and the process is repeated until a desired
number 18f "SF‘b$qq-“P’%§iﬁ’§fW°%§?trth‘?i’g‘§%ﬁrrI@ tg?f‘g‘?qié‘a‘.ngf'n preferred enbodi nents,

however, it is desi r%@%@ﬁkﬂﬁ?&dﬁh&%ﬁé&'o@d&r‘b@ eStEBIRhed 8f everpedchrgsted
e

form ng the concat enat strings as éxisted in the initial strings. This
can be 15 adeocristingd Thyt apercantags (aigdereferbiipat least hwareent, more el 2t each

substrin el ected from. a parept ,str.i.n N AWM i i i er
(e 9. o poileeen ] peesant P Pl TR BBL I Fan 7R A md PRl B0 ERERE bl
substring rhalhYFort 4 1daBEBNBEnt) VT RS cnbBeitdirgeqacrves presgse therdrighhl brdemis
that parent string. Substrings derived fromcorresponding positions in

ot her i¥§i tipefestedi ngs are assigned similar positional identifiers. This

approach is illustrat in Eigure I L i
(designated A, B, and?% usgé)é ﬁg]r(jllia\gllé}2 Irn:égsgﬁ?esgb? ié-\g?gdcgu essp P%éﬁgénc%%%b%?gfgtg
through 5. ssgﬂéﬁbiﬁyghﬂrnﬂzaﬁaﬂ ($BHmethodblpgies inwhich stinilarity algohthmsazs used 19S,
B1, B2,... B5, O, .. .. .C5) as illystrated, A concatenated,string can
then be pr otegeRsirustnyclsieiaril seaieness fTomy antpet the ﬁampfe cABIICe {5eeciisi st i ng

of Al B 1, pand, &3 991 seiss, nh319 485 283iROAI092) AroPreehadibfB1®(757-758; Drmanac

20  and Crkvenjakov, Yugoslav Patent Application #570/87, 1987; Drmanac et al. (1989)
Genomics, 4: 114; Strezoska et al. (1991) Proc. Natl. Acad. Sci. USA 88: 10089; and
Drmanac and Crkvenjakov, U.S. Pat. No. 5,202,231).

1t will be appreciated that certain concatenations alone, or selection and

concatenation operations together can be represented by particular operators. Certain

25  operators of this kind are known in genetics algorithms. Thus, for example, a "crossing
over" (reciprocal translocation) operator can be defined in which subsequences at a similar
position in two different initial sequences are exchanged. Similarly "linkage" operators can
be defined that link particular subsequences in cross-over events so that the subsequences
crossover together (whether or not they are adjacent subsequences). In view of the foregoing

30 . disclosure, other operators will be known to those of skill in the art.
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A2, B2, C2) and so on thoygh pool 5. This process cam, be repeated until
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vari ous alignment andggl o%'c%hﬁédf ét%{%%' &é‘ﬁﬁt}feﬁﬁ ti?@ds df%ﬁg t&v%nﬂ&%fe%&éfd

mai ntain the rel ati ve sequénce o str e concat enati on.
-24 5 AUG 26003ca3RétorDEEAinys Itimat fdtins tb@mopalratmd databatéqi]bmstangsamehzasem@neni can
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ot her. exda where t I'es represent 5 nenbers
in a parti cwithin zesezpfmnhgﬁm']l‘ms camﬂee\t:udampilshabb)es e:mety nﬂmardua(tlsdlﬁgmt ot

particul ar _.popul ation, etc. subsequences ar hare onmai ns
R e o 11 CURERY Hiapa e o moving B SRR ™ S boreiato 4 e St hab ey seufepeh
tend to be 6P§l§ﬁ§sv§€tt1ﬂ%‘9r Pro¢iadeor Iﬁ)tﬂkﬁﬁom% to a{(ﬂh@a §thivhlr@ tHat Yep@dsents a
part i cul ar domai ns of the subseguences. Thus i gning regions of high
simlarity b@iﬁ%@mogsmsﬁqa@hws og hdsociated with th@s,t@ngmdmgtmg Heinchisgiipé or der

of the es to hei er d

o 11 ol r oHEHPEAF R sty Sev Bk Tile B MBS bbb bredhthd¥in e
charact er stélideflon.That a percentage (e.g. preferably at |east 1 percent,
nore preferably at |east 10 percent, st| |1 nmore preferably at Ieast 20%
and nmost preferably aPnceges Omofﬁépﬁ@ﬁﬁnateﬁphmﬁgﬁ%ﬁmmﬁﬁySCI&WP‘E&S‘;F eS‘EPn
percent) of %&ﬁaﬁ%&?@ﬁ&dﬁﬁﬁ ER L Get RN Rndr Y gnef ﬂhﬁ b&‘?éa%aﬂﬁt‘é& Strings
preferred. € use of" sl m neasures to re-order the subsequenc s
simlar to tcslmmehrdeahm thy chljrdmtibni bﬁﬁi‘lngn(e{gSBTﬂi)mmngsjﬁiragecemduterahilon@hd/or
simlari éy r|th are use reconsr t nucl ei.c acuds uencsfrom
fragnen EICEG fhetnopy F,aét"t‘%t‘er@ de nurpber;of selget U’I’Q\é’?

253: 1489; Bajihs (1992) Blo/ Technol ogy 10: 757 758; Drmanac 20 and

Cr kvenj akov, Yugosl av Patent Application 9570187, 1987; Drmanac et al.

(1989) Genomics, 4: Iddne Snbahneitaa emalanty(lmémt)anmeolsed aga selectioneritegen. USA
88: 10089; ﬁ%ﬁ

s newly generated concatenated character strings must share a particular predefinined
similarity (e.g. greater than 10%, preferably greater than 20% or 30%, more preferably

20  greater than 40% or 50% and most preferably greater than 60%, 70%, 80%, or even 90%)
with each other and/or with the initial strings (or the encoded molecules) and/or with a one or
more “reference" strings.

Selection can also involve the use of algorithms that evaluate "relatedness”
even when sequence identity is quite low. Such methods include "threading" algorithms

25  and/or covariance measures.

Other selection criteria can require that the molecule(s) represented by the
concatenated strings meet certain computationally predicted properties. Thus, for example
selection criteria could require a minimum or maximum molecular weight, a certain
minimum or maximum free energy in a particular buffer system, a minimum or maximum

30  contact surface with a particular target molecule or surface, a particular net charge in a
certain buffer system, a predicted PK, PI, binding avidity, particular secondary or tertiary

forms, etc.
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Dr manac and Crkvenj akov,"'y. S. Pat. No. 5,202,231). tt will be appreciated

that certain concatenations alone, or selection and ‘concatenatjon
operations together can be represented by particul ar operators. @Iﬁ&ﬂﬂﬁ 25
operators %27 @Pﬁvé@nd are known in genetics algorithns. Thus, for exanple,
a "crossin &' ' eci procal translocation) operator can be defined in
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of the foregmpme s8Rctiomirgeiiznsmidrequirhthat bp erc¢cpiterepiesentebby e rangatengisdse of

skill in the art. 3271.002W00 (r)5, AUG, 20 30 Addi L rirgs
to a col | e¥fPEH2GR2 %"tr‘}af%‘ﬁg‘.pe‘:?ﬂ%e %%W&‘Bf? é?ﬁ’gE%faﬁnmf‘tﬁcbé&g&g’}ﬁgg'%g%§5Pji?u&e)ﬁ of
met hodss of phdicslat PN ERive @paricalad digitratire add/eppHeptinanhak ashinimys o hat f or ns
the "popul ated dataset”. The strings in this callection c .be used as

( n
initial stmiasgeunsolubilithisra pardguwariselysniciystene bingaraget @8@8‘?1?8@ HEPEHTY see,
Figure 1). 5 The addiiion, i L S 3 - S, 5 i iter
i dent i fyi n§t GRS g%"tr“é@sz%“rdiS§gt'é‘twétsrrﬁer?@fy%éldd&%mﬁ%tltﬁﬁé’%ggﬁlgglf%‘ss&ilﬁ'ﬁgSr.“e?ﬁ is
can be accefuaisheshiky tiat irrmetoules) wpramtddin) thdicompatdated sting(d)ibai ted to
copying or noving the string(s).in qt;@ix';ion inEI a.data, structure that is a
col | ecti onsynhesizedi(ggscherugally o byrecy a&}W@“‘S %Cﬂrllﬁ_o ¢-r om t he string to a
data sfgucture that ﬁﬁgﬁﬁﬁf‘dﬁﬁg)? 8f sutR 518GHon itéHa ifi phiHes sysiehd iskdodnftd ag

associated with the string indicating its inclusion"in a 10 particul ar set,
or sinply deskogfstilingthe artu(see, tlgaiStanmaersy bl.(J089) Bongr Toagatng 4al < Ness ¢fdéd i n

the collection. Once _one o e, concatenat ed r.st.ri ;
gener at ed, @99:98Wéé”(’?&‘f’te@(‘?{o&’nﬂghgggé@%:gg%%ﬂall'ﬁgéeﬁwﬁg%rfedogfz ® é‘%«%ﬁr?n ne
whet her or 79?7I79t7!‘19ﬁ{1¥11{1ﬁ 3hE IRNESLrT1999) T RHEOpHRorbR CHeslicd Biblbgy 3:1284-290;
coll ection of strings (e as initial strings for a second jteration

anld/ or 15 &hristiemesiias (b1§9g%tlp‘@ﬁmta@hedfoaaﬂaﬁﬁ%%memewldégm reof
can be 1906 doLs 288 Buf Lt etdr (108 Piver e AR REIRE) 2 Ass-438. 71y 8l HODTE o

character shphasl el Sehalis4,048504-450% Pagisrested.i(199W CuraiOpib.Bivteyh. Ge 784~

greater than 10% preferabl reater than 20% or 30% ferably 20
great er t hat3320vanagri g@ds(d r@%%‘!"epﬁ@*8?199119399@&%3‘%2%%%&76% 80% or

even 90% - i . i | 0ok /ERbL, 553:B 79386 Bterhier @996yled
nol ecul es) %}Aﬁ%ﬁ%'r?ﬁ(\%ktﬁﬁg?%%gél’gé&ésn%yr%m?@g? ence" strings.
Crameri and Stemmer (1995) BioTechrigues 18: 194-195; U.S. Patents 5,605,793, 5,811,238
20 5,830,721, 5,834,252, 5,837,458, WO 95/22625, WO 97/0078, WO 97/35966, WO
99/41402; WO 99/41383, WO 99/41369, WO 9941368, EP 0934999; EP 0932670; WO

9923107; WO 9921979; WO 9831837; WO 9827230, and WO9813487).

VL. Introduction of additional variation.

In certain instances it is desired to introduce additional variation into the
25  population. This is particularly desired where repeated iterations of an evolutionary
algorithm using the initial population generated by the methods of this invention does not
provide a solution to the modeled problem (e.g. no member meets a selection criterion).
Many methods can be used to introduce variation into the string population
generated according to the methods of this invention. It is noted that variation can be
30  introduced into the initial string(s) (input to the method) or into the concatenated string(s)
(output). Preferably such variation will be introduced prior to a selection step, however in

certain cases, variation may be introduced after selection (e.g. before a second iteration).
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represent ed, by the .concatenated str.in | ' 1cally
or byt RonBF FEMPTEPRGALS DBt TF ab il Hyvs b HIS RS Sk Bpflac el

sel ection Ckilit, Altefnd®iv¥iy €@ lpaftitalae sibuiits A0 té be mtutsicanibe pid-ddtermined)e
505, "R b5t evcqmomsGayowpidssarobimbat e tesoud o dy s s Fgetind
Bi ot echnol o : 797, SloSHNE A B huftibA & bé N
Chem cal Bi %ﬁ%’é%ﬂz’%gglt%ﬁd%@ﬁfﬁ? %E%mesgo at .fe(aglg%) mr e Biuot echnol ogy
17: 259- 264 radfdoaifkaphaedrdal . (1998) Nature 15 391: 288-291; Craneri et al.

(1997) Nature Biotechnol o 5. 436-438; Zhang et al . (199 r . I
Acad. S&P., USA, 94: I8 piet , @ﬁf‘?@%’iﬁ e %‘B’%hg{%fﬁfa“&}’?‘ﬁra&c%@n%%ﬁi ech. -
8 T24- 733, fdniErd v . ) Meeracd Fré H3f odcnaemeiofat al .
(1996) Nat ufe Bi otée(?ﬁ}r%@ggf)[/ ?11?@3{%%%;&3@ o5 et&%ﬁp( 1%962 3. Mol. Biol.
- 255: 373- 386;"nfttaiontr This) 68 )exai@pkenwhere freomeatiomSequengos)setitd Pk Hie stiephasticr g:

L% e T R sy G A o i
strings. The mutation frequency can also be set as a range (e.g. 5%-10%, efc.).

20 The "“stochastic operator" need not be applied to every initial string nor to
every substring comprising an initial string. Thus, in certain embodiments, the action of the
stochastic operator will be constrained to particular initial strings and/or to particular
substrings (e.g. domains) of one or more initial strings.

Where both selection criteria of the stochastic operator are fixed, the operator

25  is no longer stochastic, but rather introduces a “directed mutation". Such an operator may
direct that every subunit "A" ﬂlat the operator encounters is changed into a subunit "B". The
directed mutation operator can still take a mutation frequency as a parameter/attribute/input.
As described above, the mutation frequency will limit the number of "encountered” subunits
that the operator actually transforms.

30 It will also be appreciated that the stochastic operator, as described above, can
alter more than a single encoded subunit, In certain embodiments, the operator alters

multiple encoded subunits or even entire substrings/domains.
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99/ 41402; WD 99/41383, WD-99/41369, WD 9941368, EP ©934999; EP 0932670; WO
9923107; WD 9921979; WD 9831837; WD 9827230, and W9813487). VI.
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stochastic operator will also take as an input or parameter a "nutation
frequency" sithidarityetith thhencoded slgogs, rax)u diveyabatigringefuging infial sringpneed Ry |

Thus, for gx lLe, where the nutation, f. e i L 1.0 '
stochasti c%gggﬁﬁ?%ﬂl mgs,%)ﬁfvn&isrorﬁupﬂlg lﬁﬁﬁ(g’t {h%orin?]org g%bs%g% 'o;ﬁ? VX%ﬂ%u@ltj%q ts
conpri si ng that sthiysiddistibsdlings of this nature can be used to reduce variation as well. Thus, where

20  a particular molecular domain is "favored" strings or substring(s) encoding this domain can

be added to the population of initial strings.

VII. Populating a data structure.

In one embodiment, all the concatenated string(s) produced by the methods of

this invention are used to populate a data structure and/or are used as initial strings in another

25  iteration of the methods described herein. In other embodiments, selection criteria are
imposed as described above, and only concatenated strings meeting the selection criteria are
used as initial strings and/or are used to populate a data structure. The data structure can be
populated with the concatenated representation of the encoded molecule(s) used in the
above-described manipulations, or alternatively, the concatenated strings can be partially

30  deconvolved to reproduce as simpler encoded or direct representation of the encoded
biological molecules and these deconvolved strings can be used to populate the data

structure.
29
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(e.g. domains) of one or nore initial strings. Wiere both sel ecti

criteria of the stocHaentembdimaniothealats stiugiars canths 365’@?%?6%3?‘?56 ?&%S‘"

| onger sto astl | Q8 cardli&h
oper at or Ch Vm§ 2 nc%'ﬁn{& ever%%g%ﬁ&ﬁ%”% ord Cg)tﬁ g&ﬁ% dgg%@téf or cealflcountggdr.hs S
changed i nt@ nfors ubtheiconcaEnatedR@ingdl Irecplefhnfedteaﬂabdmanpehadm stowoturetis | |t ake

a nutation frequency as aparamateﬁg}/ rjbute/input. descri bed, above,

e mat ar | GRHORR B e AGeIE meraPIca] MR LT SR oS AR R B0 ¢ <

that the ORfil AAE aﬁf%yélleé%nk P&E)rﬂ?dm I{bagmhﬁor%ﬂthe ahta Sri@uRNRTRGhBiRHatnAt
esc a

t he stocChas oper ator, can alter nore than a single
encoded subdesighed tommetert dn pamnbltady pmfequ ttmimdupmtatthﬁ dagd steyosure i formesd m

encoded subunits or eve en ire su tr| n onma 5 AUG
2003 Vari at‘?%“&%ﬁ“‘é?% m%&& (? ]g ‘Efgéa dog Wsoé’?‘f?loﬁlgg Y\?‘i’ Tetion
operators. p, mlgg)m @hﬁgﬂaon operators are essentially variants of
"stochastlc atlon operators. Instead of transform ng one or nore
subunits, a deleti on "Blpzadaéa gruchueeyes ingheoreutergeesssibledormcan sipply groyide a

nertiBh ORI e ey ARV B s el B S AR AW ptperye

the site ofreldmensmp&l%memheﬁfax@lﬁise'&mtﬁes"arpd a&lilﬁplladtﬁvcﬂ)ﬂnmmsentdﬂahameﬁmng 8 the.

size of the deletion or the identity of the insertion,

oth .
sel ecti on psm&léeﬁltﬁandfseorﬁsmf@m% Mazp sopbistigatgd g%‘PéE'P?tB‘F‘FS aff‘r%%’e%‘?g%blﬁr e
predetermn | are
directed i %gier% r? %%)#Cag "é’i?lgé}cfs)u&tcﬂfes ﬂf%ﬁgopg?gy%%ﬁgsﬁﬁ/&%lﬁgﬁg%oc hasti c
operat or, tfeationsldps bawear ongrdmdrebnms nnhe dsta ssuctare (e.gk soncatanatedistings).
frequency as a_paraneter/ at ute/in | n..anot her odi nme Iy
canqbe } cr@h%@%%aﬁ fructungicAp addi 1YrFBP WPPP‘&?S "?tg?ﬁd??&rs}ﬁ %tgeopgﬁdg%e
or haphazar lapdm rée. thefetadt i al
stri ngs der?ﬂi\/%d&f?l%ﬁ??lrg%oIé?{?j Fﬁfgﬁb&gﬁlﬁéﬁ?ﬁ%&&%%gﬁ%{ | orfi)ls%trodumen
initial st datag(rsc)tumamcﬂmiepbmtdm:w lingited tghsts,dmkyd tistsclebles haghishies 8?‘310‘21?% ng
or, in certai e nt s tio 18
accor di ng t €& Qﬁﬂgﬁﬁé‘g@?@?’rﬁe ﬂna\cﬁﬁ{ag 'fociai‘ %&%‘?’}e‘h‘iﬁe nn@ﬁ%ﬂ ngg%tjerr?se nlge
of particul asieiRHY pteterrél SHPBHINARSE/tRE d4TR¥iruBHTe degadae fitd stored on conventional

20  (e.g. magnetic and/or optical) media or read into a computer memory.

| VIII. Embodiment in a Programmed Digital Apparatus

The invention may be embodied in a fixed media or transmissible program
component containing logic instructions and/or data that when loaded into an appropriately
configured computing device cause that device to populate a data structure (e.g. generate a

25  pool/collection of concatenated strings) according to the methods of this invention.

Figure 4 shows digital device 700 that may be understood as a logica} ,
apparatus that can read instructions from media 717 and/or network port 719. Apparatus 700
can thereafter use those instructions to direct a encoding of biological molecules
manipulation of the encoded representation(s) of the molecules and population of a data

30  structure. One type of logical apparatus that may embody the invention is a computer system
as illustrated in 700, containing CPU 707, optional input devices 709 and 711, disk drives

715 and optional monitor 705. Fixed media 717 may be used to program such a system and
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simlarity wwth the encode_,d strings, etc.). The vari~a§i on-i ntroduci ng
initial strings need not “be full-length strings, but' can al so sinpl

i nclude one or nore substrings. It will be noted that strinds Ablﬁngﬁﬂ%
substrings (ﬁ&é’ﬁ ature can be used to reduce variation as well. Thus,
where 20 a3%71a1r ?Qr nmol ecul ar domain is "favored" strings or substring(s)

encodi ng this domain can be added to the popul ati on of (i:nitial strings.
VI 1. Popul &2l gepaesgnt adisk-typetopteal of magndicdpeiiy Phd MEMOLY: | ?rﬂ’é*“%ﬂb%’t%wgt ed
string(s) S o ! JFo popul ate a
data str uclt9 %?gﬁg%%? ?)% u%%%toﬁ%%@%}?u%? ts}ltsgﬂlrﬁgﬁ]ﬁycﬁlg% eiggbsgtﬁ%? ggjrﬁﬁL 25 iteration
of the met badsudeation beaedtéomei n. 1 n ot her enbodi nents, selection criteria

are inposed as described above, and only. cancatenated. strings neeting the
selection criteria alFrge iygRtenAsq maY %P%‘bg‘ﬁf"?ﬁ' mgthﬁf‘é‘f‘““é)( 89%@?%??}10%
popul ate asdaid RidptitdEiteuit (ASICPS FbEdainib®: 1681 défice PRI, ahdcivg tdve] the

concat enat ed representation of (?E(:)a encoded nol ecul e(s) used in the
above- desc inveetomemy palkwbdiad in oeomputerrungdeistiaisble deseriplonlagerssducksmay hgs

can be partially 30 de ol to re e _as: Sl er encoded or direct
repr esent aP?%ntoﬁfe eh%“éﬁ%ﬂ’éﬁﬁgBl?aglog‘alg{gggygrle@rfa@cdt??&er{s&gnd t hese deconvol ved
strings can be used tpeR@RMliah s Ry Bakmbodied withil the cirdfitr 37 loghORd€Bses &
AUG 2003 I n one enbodinent, the data structure can be as sinple as a piece

of paper lother digitehepnerates suahas sameras, digpayiy mage fAHNE caHPMENHEICa col | ect i on
of cards each card listing one or nore of the concatenated strings. In a

preferﬁgd qﬁo LilEMnent A2 dRbaiat ructure is enbodied in nedia (e.g.

mechani cal ?ﬂ%—&h}r‘gﬁlﬂgﬁcr‘cp : or optical and/or quantum and/or 5 nmagnetic
and/ or el ectronic) t haf RERGHslof MRS VeI @A bRfimbléted®iian 8 ldcliled@® by an
appropriately designed conputer. In particularly preferred enbodi nents,

the data stdisibutedcompitingmayirprmentobpa distritvtedmnyirprment, thg piethads magt at j ¢,

read-only, .etc. [or .in_optical nef i Cy. Or = ' . age
rodi o, The ialemecRinC i 8DRS Rt co RN e KaroPRAF bPo S b licRY BTS00
provide a chihputcsd. Dlhe édMapuad 6ol yiailed, &4.rthiagh a Abmearondus, ek ynord prefetatiip

structure can be structured to preserve relationships b%&we n@;ﬁ% var.i ous

"entrid§". thecompwiais)are aodss onpingtwark. dhe BetvOoRRFaR be hEsHgralize o AfeRicalfdnt i t y
d/ der...of i i SEi i r et
andror. or Eié%a O%&%él%ﬁ na%h?g:?{? F}béwfegreg%}n%?éﬁﬁdﬂ&, He@BmphRrdhePbe

avai |l abl e rovi de an ary structures tor 1ndexing and/or” sorting
and/ or nmai rdomponags of & fitiaares b peinlvetateen one or nore entries in the data
structure (e.g.. co nc&taelgg e?rgad ?&ter:ringtgesr&liodiment, a client system typically executes a Web
browser and is coupled to a server computer executing a Web server. The Web browser is
20  typically a program such ag IBM's Web Explorer, or NetScape or Mosaic. The Web server is
typically, but not necessarily, a program such as IBM's HTTP Daemon or other WWW
daemon.. The client computer is bi-directionally coupled with the server computer over a
line or via a wireless system. In turn, the server computer is bi-directionally coupled with a
~ website (server hosting the website) providing access to software implementing the methods
25  of this invention.

A user of a client connected to the Intranet or Internet may cause the client to
request resources that are part of the web site(s) hosting the application(s) providing an
implementation of the methods of this invention. Server program(s) then process the request
to return the specified resources (assuming they are currently available). A standard naming

30 convention has been adopted, known as a Uniform Resource Locator ("URL"). This
convention encompasses several types of location names, presently including subclasses
such as Hypertext Transport Protocol ("http"), File Transport Protocol ("ftp"), gopher, and
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Fations regarding the
entry (e.g. origin, type, - physical properties, etc.)’, or links between an---
entry and an external data source. Preferred data structures include, but
are not |imng jsts, linked lists, tables, hash tables r
I ndexes, flrggt‘:]iﬂp{z@déjatabases, rel ati onal databases, | ocal orﬁa,:ﬁ'@??q[@uted
conputation systens._ |In particularly, f erred enbodi nent the data
structure iYide 4ge dnfprmationsraes goﬁ}‘%%rﬁ gﬁf"l’“é’ﬁﬁ?"% it g(.) m.eloﬁgeéi hlettnlla_("‘,' e,
optical) nggi @Rﬂslorf Qa6 HIM CesBuc N TIHES ihe TREBDGNthe Midnk carFerbidgl leamidf thalexstence

Programmed Digital Apparatus The invention may be enbodied in a fixed nedia
or transni sinsivareguoggs dmt he ongheed notspacificallyngqeestgde i nstructi ons and/ or

data that when | oaded._.i ntgq an .appropt.i at.el conf i [ '
cause that device tod’a}?@?&yf“@ "H‘%Eeé‘fegl{l% hﬁﬁﬂ?"e&%equ&g grgvﬁfeiﬁggf&eﬁharﬂg 5%@1‘{}& o
pool / colg ech eivahdsfRs e orpbigtnaltilcngient-ReGe athitectie. Thes,nied dliedsconiputér s

i nvention. Figure 4 shows digital device 700 that may be ungerstood as a

| ogi cal  appstsacysstshathedwst seawd whishpucthe sragesebproresaics) YA net wor k
port 719. ar,at 700 a [ er, . | | | a
encodi ng oﬁ%@?%%ﬁ%%ﬁes%&ggﬁoggc gﬁlrréa“trtﬁ ‘&I}F%?tll%an?’ztﬁe {rﬁgltogﬁggﬂgfeggﬁv&ﬁog L

r epr esent at ingié:fdnted intdrenuimltreUorRatarttr¢in pebmapommt of the netdiel() Gresparformed e.

One type of logical apparatus that may e dy the invention.is conput er
System as. Iopaliiex theeliontn Thian DoHTRFHERGS Bpptosre O IoHE v ok L Phes
709 and, /1 | ' A ' : | BeQfnplddentdd el a 717 may
be used? ol’@fﬁg‘!é,s? é%wééuégﬁﬁta(egjlgt@r%q%gggéd-t@gﬂrﬁgﬁgeue R coul d
represent a"phnskrdnylptimmpliedah thercliomgneti c nedia or a nmenory. Conmmuni cation

ort 719 nmay al so be_used to .program such a st.em and | d ent an
Ito ype of corr¥runi cati offt %WPW?%@P#W@H@%W‘SP&%“ @gﬁlgg}gﬁgggﬁ%d d
W thin the ﬁivégtf[ﬂrf 4% dRhidANnRARIhG AT Mk FarsBgs)] & ishelpfubEnaéwedn applicaidn fodS! C)

or a programmable logic device (PLD). I'n such a case |nven%r|g§£1r5gay be

t he )
enbodi ed | nsamuohpsia eollegtioeoEfeattaior mstieralitybes insiead 35 &olFRtioR 0

used to,create an ASIC qr, BLD t hat .. S ' |

i nventi b a%@Weﬁﬁglvﬁgs‘e%MFg&paﬁﬁaﬁgﬁ’%ﬁﬁfl&(} gi&f‘tﬁ-@i oPgﬁggé:&S?%‘é%’g?é%’_mdf
ot her di gi t ghchaTRaifRinVSkes QYaRticatar GaRr-fsu isglh fptrayhich nmmifest eeiitain figictionality
equi pment, etc. 10 I X Enbodinment in a web site. The nethods of qjﬁus d

i nvention cafitisapphigsitione N(iithis pessppeiive) Py @WLisHionds ¥iewed JOE3 aiaplikifgody

envi ronnent .

of E0deth 'as% LRSS ofﬁl)\fﬁertg %?Bﬁ]ﬁdlestc;ﬁlﬁ%tiﬂﬁ?. fPdhis manner from within

a browser, a user would select a Web page link which would, in turn, invoke a particular

15 The data structure camyadditionally contain anno,t-%

20  frame of the application (i.e., subapplication). Thus, for example, one or more frames may
provide functionality for inputing and/or encoding biological molecule(s) into one or more
character strings, while another frame provides tools for generating and/or increasing
diversity of the encoded character string(s). .

- In addition to expressing an application as a collection of frames, an

25  application is also expressed as a location on the Intranet and/or Internet; a URL (Universal
Resource Locator) address pointing the application. Each URL preferably includes two
characteristics: content data for the URL (i.e., whatever data is stored on the server) together
with a data type or MIME (Multipurpose Internet Mail Extension) type. The data type
allows a Web browser to determine how it should interpret data received from a server (e.g.

30  such as interpreting a .gif file as a bitmap image). In effect, this serves as a description of
what to do with the data once it is received at the browser. If a stream of binary data is
received as type HTML, the browser renders it as an HTML page. If instead it is received

type bitmap, on the other hand, the browser renders itas a bitmap image, and so forth.
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i npl enented on a single .conputer conprising nultiplg processors or on a
multiplicity of conputers. The conputers can be |linked, e.g. through a
comon bus, but nore preferably 15 the conputer(s) are nodes on a_networKk.
The network can be a generalized or a dedicated |ocal or ~wb dAl&rd883 net wor k
and, in ceBfal.A0PWOlerred enbodi nents, the conputers nay be conponents of
an intr-net or an internet. In a preferred internet enbodinment, a client

system typical | y exegaMisrosofYWiinddwspuisierenaedhuiguasenist & allowimgssehoger

conput er executing a Wb server. The Wb, browser is 20, t%ipi caallleél a program
such as | BRPBISAEBD kaaspistes AN inferesidn sdatp obiset (B< dnta of Fpartigilar BRek /1S s
typically, : Pt S st il TErdagragn: or

ot her WAW t%&%ﬁﬂs ﬁ?ﬁ?@?{%ﬂ!ﬁ%mgg%&&gmswg@p [ ?gix?%@gnéﬁ‘%} coupled with

t he server egtenpioh dor an\eg., alock' MécrogoftWardDoduneng9 sthisyis thermosk portmon,  t he

server conputer is bi-directiqgnally. coupled with a bsite (server hostin
the W_ebgi'[rg?c 1gicEP GQEXS&@S%@ cEEIRe ATRHHEE BT RIS Brigiosode” of
this i nvenidigee: IAnlSEinPhmBedell FOLES NRE GGt of GassltRobally1GHe WEnt fidr @F NEt

may cause t client"to request resources that are part of the web site(s)
hosti ng t hé3@ipta tabjtendeyifipr fov indicating a paitioplaesreyerapplitation te mgokeeierods of

t hi [ i on. . t he . { t .th
speci f1ed oSt BECSTB AFVAE HRG D, TRFRSR b em R pe e sl
nami ng 30 GEB¥RBldoAiechASo A§RAIAN DI EADRRAWLiaR Librkly) bospplivesa@iseper.Locat or

("URL"), This convention enconpasses several types of |ocation nanes,
presentiPy incl udi ng Jdnigat exbedimentefipagiculay fieredx terhpifasiF @ssprigtipg g host

("http"), F 0, " ) v drobi 1.002W00 5
AUG 2005 vitesghioR VP dockhRRLER Brobetl d Bhelof NP S SRV olicBe L

downl oaded,stdridariigediteubiniiie fort prekddihsa ddcunddi sbjenalt incladasraddBVE Header fohe

user of the client can easily learn aof the existence of w resources that
he or she Hadicaéng whieh ppplicatipy s apgiopaats for hﬂ%%ﬂ&@r?%%eqﬁf@wq%ﬁa% he

met 10d(s) bl RicktlY B ek An80n bliBsd ME Bebioon_ S the server hosting the
website in a true clirent-server arc?ntecture. Thus, the client conputer
posts ridquests to thdntoms prefensbembudinénty the methods ofthgesesent ipyention gfees)

ocal . P 0, e LeSulin gk L2 b0 6L\ o SR L
wherein a CGRIRARRANTHeMINIE tyfRldafuR)infRHBatRAH0sIRY to bRER!d dochiedt(e.ggl i ent .
This can be inplenented by software downl oaded fromthe server_on
Microsoft ActiveX Document) locally but, in addition, also includes information necessary
to find and download the program code for rendering the view of the document, if necessary.
20  If the program code is already present locally, it need only be downloaded for purpose of
updating the local copy. This defines a new document type which includes information
supporting downloadable program code for rendering a view of the document.
The MIME type may be associated with a file extension of .APP. A file with
the .APP extension is an OLE Document, implemented by an OLE DocObject. Because the
25  .APP file is a file, it can be placed on a server and linked to using an HTML HREF. The
APP file preferably contains the following piebes of data: (1) the CLSID of an ActiveX
object, which is an OLE Document Viewer implemented as one or more forms appropriate to
the use of the methods of this invention; (2) the URL of the codebase where the object's code
can be found, and (3) (optionally) a requested version number. Once the .APP DocObject
30  handler code is installed and registers the APP MIME type, it can be used to download an
APP file into the user's Web browser.

On the server side, since the .APP file is really a file, the Web server simply

receives the request and returns the file to the client. When the APP file is downloaded, the
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10 request by the client ‘Qe g. a Java application) erit can be inpl ement ed

by software "permanently™ installed on the client. | h one enbodi ment the. .-

appl i cat | on(s) i npl ementing the methods of this invention ar d| Vi ﬂﬁlg into

frames. ﬁ]} ?})02?@2' gm it is helpful to view an applicat i"o much
as a coIIec 3 atures or functionality but, instead, as a coIIectlon
of discrete 15 frames or views. A typical appli catlon for i nst ance,

general |y i“WdPUdecObject Bandler asrihe PP"éﬁ%ﬂg sysigEHiostowriqad thekadekase gordhe obieehi ar
frame--that p'ew eﬁ if ﬂ&’é@@f“? ifd) TR sl%ﬁf ﬂﬁ&f&r@h@y i H@a‘ifabf%rlﬁlwlﬁiowé){hnﬁgg the

application I'S perspective, an a tron 1s viewed not
nmonol i thic Gm@gtClas‘SOb]ectErdmIﬂRhﬁmtmml Aéet ﬂaem\ouﬁrcﬁmbjeetssqodebasbwrtﬁimﬁoadéd

functionaliﬁ_l . t hi g nn r fro thin. a browser F er. woul d sel ect
a Wb page } %n‘k{’ hlﬁb C’F?‘F@MWWW&R@G%@G@PW@GF% IP%I?F@ Bt the
appl i caty O“ca(ll'mgethe ﬁ&ﬁbﬁ@ﬁ%‘n‘féﬁﬁd@dﬁtﬁe "E'leérer BEurRSRERE, eThé)ﬁ‘l?erﬁ’Jt rith@{Tes

may provide functionality for 1nputin /or encodi ng bi ol ogi
mol ecul e('s) calhatthﬁ BoeOlgect ﬁumleto ictiantiatt aeviews which t, dosk by ercatmg dttemstﬁn@mf the

provi des to f ener and i ncr.eas vers ncoded
char act er s 5{) e qu:C P%ﬁoc{egﬂ%fﬁﬁggg’ﬂr?ﬁg%dgﬁ?lcf@% ﬁ“ﬁ‘i‘gw X View
col I ection @ﬁjeét g@ﬁﬂﬁalplaﬁé a&ﬁza&ﬂﬁﬁ iteahieAltt Efpldtey OwBiKR tRERS theappropligRabin® And N
the Intranet and/or Internet; a URL (Universal Resource Locator) address

poi nting t hall dpehildeenitels. Each URL preferably includes two

charactyi sti cs: cont gl ekl LS Viin Ghafiun HRLEYSTs adel gosber ed or

the server) together ose I'nterne

Ext ensi on) $eype. ob‘léha ithadeds toyrefordlits @m&uanél‘émt thispudiet] the asdehr ineras \hch/!hbt
shoul d i ntegpret ta received from a@server (e.g.,. 30 such as interpreting

agif file DEmawhichyWl 2pRcssembedded in the Internef Exploter fiame, When theiser chengss tef
what to do Mfﬁréda?egevae @%&r'&suﬁﬁfﬁ/ﬁﬁﬁﬁsgﬁgm &%ﬁnﬁhg\eﬁﬁfng ah a8 IRAN: of

binary data Is as type renders ‘'t as an
page. |f i nfimddnd telinguiskinganecntstayding orwetnns énthelremoteiserversind, t he

browser,renders it as,a bit and.so forth 32 - 5 AUG 2003

o OB Th M er oo Bt B S dmE e oo A s eskpB by SR BhP g 2
host appl |ﬂ1%tsyﬁ@mt19tﬂe%ip%§"§é hétle bf‘ih%'h%ﬁl% ph@e &f AhRr ﬁ&iu@@l&r kb Gite. ﬂ@tp%gef a
particular type). One technique is for the application to register With

W ndows an fam ep@mallynneluéa rin p comegntional sanner; 2 nember df dinks. gl respogse to the user
et S YA PP o g G T RSB DRy o
Cbj ect Li nkitegnéthedststitiad dRentidd)Fhe web bidWaset 6ehrebts 8o Heapplidatiod phda/(filé)i que
dentif)er lc')ermdmg on the server.

In one embodiment, where the user requests access to the methods of this
invention, the user is directed to a particular page type, e.g., an application (appdoc) page for
in-place execution of an application {(implementing one or more elements of the methods of
this invention) in the Web browser. Since each application page is located using an URL,

25  other pages can have hyperlinks to it. Multiple application pages can be grouped together by
-1aking a catalog page that contains hyperlinks to the application pages. When the user
selects a hyperlink that points to to an application page, the Web browser downloads the
application code and executes the page inside the browser

Upon the browser downloading the application page, the browser (based on

30 the defined MIME type) invokes a local handler, a handler for documents of a type. ore
particularly, the application page preferably includes a Globally Unique Identifier (GUID)
and a codebase URL for identifying a remote (downloadable) application to invoke for

hosting the document. Given the document object and the GUID which arrive with the
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QU D -a 16-byte identifier for indicating a particul-ar server application
to invoke (for hostingt Re docunent having the QU D). The class IDis
registered on a particular machine 'as being connected to a-p8rAijguwid3 DLL
(Dynam c Link Library) or application server. 10 In one enbodi nent of

parti cul ar 3Rh1.802400 a techni que for associating a host application with a
docunent is through a use of MM types. M M provides a standardized

t echni que fgpliqatiek pakd) thedoehd bumdteatiooltyj te clie. client madiincte seaifMEhdstingler f or

i ndi catin ich application_ is_appropriate for, hosti e doc al |
cont ai neq APicatpo B GEIGEPEID O B0 DS CHIBEON TAMS SO PEA T br RLE™ 75 1 n
one preferp %ﬂllt i Q“Bpagélfﬁ%géﬁlﬁéa%ha&feheﬂﬁoﬁé :ﬁ/}d's%l RIS IERhy) SHRAILE the Ritest

i mpl ement ed, the use of a type specific to the use of
t he met hodsvessfiort &ff the hostepplidaton. The M ME type contains infornation

necessary to create a _docunen e.q. .crosoft Acti Iy
but, inJaddition, al %‘?ﬁgﬁéf E’Bé%lg Pﬁg‘bwg‘{’\q’%c%%@ées%owxass 3%%#? an%]e[g(gwnl oad
the programy §ad8iohdd, b eAHR b8 shagfivdtRW (file) IshfitidDE tuRedted frbmnbessear The 20
If the program code 1s already present locally, it need only he downl oaded

for pur poseodé basgitielficagrange floncasimpls)LL filg t afeatingt sile(MicHPsgE £ type

whi ch includes.i.nformation su i 0, MR
renderi ng aco\l}%éﬂp%fmﬁm e&?f@ﬂfﬁ%sr%ﬁ %ﬁéfhm%ry%gﬁr@a@agé&%%bci at&g;gﬂc \jﬁv{ %lea
file extensiagmbe@inphfiRd fér inbtreting te cliehesysieh leyt eniastaih thesdoaml@ded aopdication.,

I mpl emented by an OLE DocCbj ect. Because the. 25 Pfileis.a file,.it can
be pl ad®d oFhese mechanismsafiard greatifexdbilisy ngha?us“ilﬂwb‘%ﬁﬁEE‘P‘”f% of apppficption

preferably Ce@{‘&&kﬂﬁa%cﬁ%nﬁ%ﬂe%{“ ng pieces of data: (1) the CLSID of an
: I'Ch™i's an

Acti veX obj% E Docunent Viewer inplenented as one or nore
forns appropriate to Féfgefesed ombodimens] the dmchihetyremployeddnt aatially(2) the URL

of the codebase where the object!s .code . can . foupd, .a l-onal |
a request eddeeHeading RpgHER O Eélflrﬂé?sﬂplﬁmﬁa? ‘é”é‘fsoﬁg\%g%%ﬁga)(ég@gé#lgg Y)
instal l ed apgl ?n%h ﬁlg%{%.rita _ARE MtﬁﬁlgEMH@mAcﬂrilﬁe)GﬁPI B6esiseprovidedaiing apgoan

e

.APP file int ser’'s Vb browser. the server side, since th(gh@PtE
file isly eafdryWeb-felivered dpplivisions,atsvAdi1 can fop livoked fasilecating Hie coEgeloSTsioef the
returns the file to the client en_the APP_.fj.|e. | Loapiedt twitRS
3271. oozmod’@%%ﬁomw%&@&?%‘&mﬁ %ngﬁ’ééggsté i?‘ﬁ%ggsé‘rﬁgtu ngerj'g Stem t o
downl oad t hg,eCHERRPErafifg syshin. ODhESthe co@SisTbeatdiwnlbiizd MBE himdler. calliprareed
system functionality is available in Wndows throug

h the R
CoGet O assOlsj imwolsr iorw-iresent anphicatign kost for gendering b dgpymaent object (L p JEB¢TS
downl oaded, similar to invoking the hosting application through the registry if it were already installed).
20 Now that the hosting application (OLE server) is loaded at the client, the

client system can employ the OLE document view architecture to render the application
correctly within the browser, including using conventional OLE methodology for adding the
application's menu to that of the browser and for correctly re-sizing the application upon a
re-size of the browser (as oppose to requiring the application to execute within a single
25  Active X control rectangle--the limitation previously noted). Once the application is
executing at the client, it can execute remote logic such as using RPC (Remote Procedure
Call) methodology. In this manner logic which is preferably implemented as remote
procedure(s) can still be used.
In particular preferred embediments, the methods of this invention are
30  implemented as one or more frames providing the following functionality. Function(s) to
encode two or more a biological molecules into character strings to provide a collection of
two or more different initial character strings wherein each of said biological molecules

comprises at least about 10 subunits; functions to select at least two substrings from the
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t he APP DocObj ect handl ef”f’?gsks the browser to create™a view on itself, for
i nstance, by 5 calling the ActivateMe method on the Explorer docunent site: .-
The Internet Explorer then calls the DocObject back to insLaBtA?Gez[]g3vi ew,
which it dogg;iypRsyEgti ng an instance of the ActiveX view object fromthe
code that was downl oaded. Once created, the' ActiveX view object gets

o m and  aF PRI SEHUNBOHEP B Corottshas s S hut s P GlecrRale PRERERngS

establish capyueeidsans 1 as Shedn Ynor € 6D E ini A ch@hcteP§ifR#sS and fuNBESIS b Add
performits functions. At this point, the user can interact with the form

whi ch wil | &Psatheanplustietangyiotairellpetiopofstringxpl orer frame. Wien the user

changes to a differe r I respansibi 1 or .
eventual Iy cl osing angh%lglgl? t?%nfittagn‘{%ﬁg%f%rrlr%ng%;bﬁ%glgﬁi rﬁ@ﬁ‘ﬁlsl%’l B eéﬂ?{‘)’ provide
out st andi ngoroonacicivindowowhdreintBeiee caeihyel @presdiftation(s) 0€ bivl i@ rdlkcules.
enbodi nent, from an end-user's desktop, the entry point to the systemis

t he cor por a!reac}%g%@a 8 anpeding fuachindlse ortonstinepropides aaisde Prigde and/ar pubis
page can, H%Béggﬂéc&siﬂﬁgﬁﬁ 2 lb{hl ‘ﬂﬁ%ﬂéfﬁﬂ%ﬁﬂélmﬁﬁmﬂ{e@% (EIE T Rlor®f

links. In response to the usér clicking on a particular Irnk to an

appl i cat i onsqmgeces eonfained patfe dpwbasesicandhetilpmt into thid methbds of thik inventitve Taishods
of this invctantionl, i he V\Bl[)) .roms%(rm%ggnec S to the e}ﬁ Lication age gfd'lle)
20 resi di ng B PREesBRRSEoPAISRE WGP ARk bser fRUSE TRiFi A UG o the
access {@ t Bcodio A&l thelkd cah,BPRBAAIRN haveltBe MSiRty to Tedhesi@Cdfi@h bP GRnBank
particul ar page type, e.g., an application ﬁ)appdoc) page for in-place
execut i on ofnGmpupese o anare af i spiueneosréthoned by seeh agsarchghtortbrensodingand/or

met hods of his.inventio in the Web browser. Since each application page
I's | ocated S{Sﬂcﬁ%tyﬁnwg%c%@her pages can have hyperlinks to it. Miltiple

application pages canMuthis 0ffifsletnardiieIBfralRy and/oEliatraget ambadidlefs gfage t hat
contains hyperlinks to the application pages. he user. _selects a

hyper | i nk t REPPHafieRaL aRdoR dataareassProcesnes ar Wbl@}o%gﬁé tesp obslglhdn thegsiand el s
BB B QUSEUES . AR (10 AR AR M
defined M Meptimiziion nf Okizet-Qriented Qubedesd Pesc SIEM@DdhemdtionaldCaiferentesorof  a
a tbal 'y nlae sl Pris, Sl Colihara oo qebde RO QP KeagHt vPh 2h
G ven-t he. doseaenighy SRR MR ENT Bless BR={0R 2 ARSI Eorking
2003 3271. odawipdInformation Technology-Database Langnage SQL", Jim Melton, Editor, International
20 Organization for Standardization and American National Standards Institute, Jul. 1992;
Microsoft Corporation, "ODBC 2.0 Programmer's Reference and SDK Guide. The Microsoft
Open Database Standard for Microsoft Windows.TM. and Windows NT.TM., Microsoft
Open Database Connectivity. TM. Software Development Kit", 1992, 1993, 1994 Microsoft
Press, pp. 3-30 and 41-56; 1SO Working Draft, "Database Language SQL-Part 2:Foundation
25  (SQL/Foundation)", CD9075-2:199.¢hi.SQL, Sep. 11, 1997, and the like).
Those skilled in the art will recognize many medifications may be made to
this configuration without departing from the scope of the present invention. For example, in
a two-tier configuration, the server system executing the functions of the WWW gateway
may also execute the functions of the Web server. For example, any one of the above
30  described embodiments could be modified to accept requests from users/user terminals that
are in a format other than a URL. Yet another modification would involve the adaptation to

a multi-manager environment.
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application page, the |losal handler |ooks to the client machine to see if
the hosting application already resides locally (e.g., by exam ning

W ndows 95/ NT registry). At this point the |Iocal handl er cﬂarg N]EO@% to
i nvoke a | ocal c%pé (if any) or download the | atest versi®&n*o h %ost
applicati oA27B0BWERr ent nodel s of downl oadi ng code are comonly avail abl e.
Wien code is downl oaded, a "code base" specification (file) is initially
request ed Brom idieorperajing sicabesiptustionanid feedhackdepn-ange from a sinple
DLL file to a Cabinet file (Mcrosoft .cab file pontaining nultiple
conpressed files. StApsiindigatedighove.dn CF%%‘%P%?W%‘F?"(@. ﬁ??ntsrv/l%tﬁrsg?ﬁ‘?n?' 8 file
can be enpl ' ' j SIhAestHRgE Mettaltaihhe

downl oaded cg%gﬁﬂﬁﬁggl}ag%%ﬁgg%égge&%sc gér??r}gégﬁco% gr %e}t _gf | exi bi Ili ty in
choosi ng wemplribpiperetly acshyaiprappliesc Afd assay theteprofmenidsdtid adcessaty WhebtainFor
preferred enbodi ts, the pachiner. | oyed fqr, actuall downl oadi ng

pr ogr an® codR® §0ce ‘F‘ﬂ“?@?‘?léss Hag‘i(’&??&%? ﬁun%t%%/@g]g?@c(&ﬁ{qp(/eé%t{ﬂ)y ﬁ",&ppl i cation
Progr anm ngo} Bt &h{RGRIEH atSphyAchilpsgies ed (. ickenficARY ofercambinpioVi de
native suppgrt 15 e?or n\%g -adeZﬁj iy\%r gggglppl i cat@i%ons, its APl can be invoked
for | ocat i mgpthdds) anisoletetl. ver si on of the program code, copying it to the

| ocal machine, verifying i.ts integrit and i | g i e
clients operating syﬁhg al sy e%%@%S#epW§?n%§gh§£ %&\%@%ﬁg&ﬁ%{l Eg thef

handl er . caroDEQRARY of EiRridi@lihek Boduovt cesian toalkppressmt inventiusis teqprimary
rendering the docunent object (in a _manner sim/lar tag i nvoki ng themgosti ng

appl i ca®i onneans suerRate B@hyseal senrssentptipn ofgeptierdhatdpgyenahlerta @ PEYSICaL 285K d0F t hat
t he hostin i i rver) is |loaded at the client, the client
system can%gﬁp%’?gégﬁgﬂé%@%%%ent view architecture to render the
application correct |y awréfbired éhieodimentsgene synthbsisitennaliegyniy uswin yeitallyial OLE
nmet hodol ogy for adding the applicati on'qu_ nu to that %Eﬁthe br owser and
for correctqopstrust H’%@W%‘é’“ﬁﬁ%ﬁ Ragnes AR chﬁosga _‘Er§’_§‘?eztg 1S Br owser (as
0PPOSe 10 I BRldifitbnl Bt ARAih BRIcoRELrIoR o ¥Rl Sialtl hHinfs Brodhbill 1y BEmiiidaye X
control rectangle--t imtation previously noted). ce the application

i s exddéut iofghiatintehtiorcl i ent, it can execute renote | ogic such as using RPC

Renpt e Procedure I t hodol .l n thi nner. | ogi C hch:i 4

|(or ef erably i npl enent eéggﬁéﬁﬁﬁn%gglﬁwﬁiﬂdéeﬁ?%?ﬁc%l ! eé’iﬁgag%?ésﬁ)g 10°-
particul ar gPel&idotefIMVAAMIRN This fshepibRIyHIdGu¢ for BerBeninyediédtion pastec@Pas

i npl emented as one or nore franmes providing the follow_.ng functionality.
Funct i on( s)latgsr libraciesieretmpre diffiplt t maks avt sapintain angisemgimes ¢4mpet RaAsr act er
strings to provide a_coll.ecti,on. of . i L.t i.alis o ghar act er
stri ngs v\/ne&’&1 etﬁ@cﬁ?“@?edsbé’i adpbé'l‘s% oagslsz§%,'§r Sgrr%f’%% 3@53{5 ?r?g;é %%rg@b’a%ﬁ‘l]tlggst about
10 subymw t sphylsiearissmethodshl Rehrt ahcludng] e.fyWifsundideathl seléatiomntdilods)

generally allow sampling of about 10° variations or less by a particular screen of a particular

3 ]

library, and many assay are limited to sampling about 10*-10° members. Thus, building
several smaller libraries is a preferred method as large libraries cannot easily be completely
sampled. Larger libraries, however, can also be made and sampled, e.g., using high-

25  throughput methods.

There are many methods which can be used to synthesize genes,
polysaccharides, proteins, efc. with well-defined sequences and the area is quickly
developing. Solely, for the purpose of clarity of illustration, this discussion will focus on one
of the many possible and available types of known methods for the production of biological

30 molecules.
Current art in the polynucleotide synthesis is best represented by well-known

and mature phosphoramidite chemistry which allows one of skill to effectively prepare

-37-



-35 5 AUG 2003 3271. 002W00O charact'er strings; functigns to concatenate the
substrings to formone or nore product strings about” the sane |ength as
one or nore of the initial character strings; and functions tohagds; Z@Bace)
t he product ﬁglrdogwt%%o a collection of strings. The functions to encode two
or nore bi o?o ical | ecul es preferably provide 5 one or nore w ndows

wherein the user can. insert representation(s) of .biological molecules. In
addi tion, tPREoBHESRH Y RireesBl gws';afne&fﬁ@ﬁ éﬂqtly‘?i t P A oty der yagiine
private a”déﬁ'ihe@fél&lfbﬁ%oﬁ%fe%@e%%?gnﬁ%ﬁﬁf 1dabEr thid POUbp #nd 86 8intheicweely and/ or

the intranet” whereby one or nore sequences contained in the databases can
be input i ndesreabes andithodegref oftpurificitionenquited incTensss. Oligamueleatigisof ai"typirad"
10

enbodi nent e the end wuser . inputs a nucleic . acid,sequenced.into the
encodi ng fuﬁ@?&bﬂ,mf’ﬁ@r_‘ %‘é‘?taleﬁ‘?f"“ﬁﬂ?w8H%Hir%t§%v?rﬁglg§'§?qr’lt¥'y to request a
search of GenBank andytijhpiitd @aEoiPoniRERideE atd e REMPRECSnitRtiY (MRBldNranded a
search into the encoding and/or Tdiversity generating function. Methods of

i npl ement i ner dingle atmastdedrgihos canrhercadrsed Gpioay of A nYMEET ofcomsuareial soHEdes B¥alY or

dat a access S, Al | kn t 3 i f .

15 documen: B0k QPR EUREPEReIEEtnpiy (REiQRed Holrp, TR GRY) AkrBoaE
Framewor k f Gombhey (b@pl/ivirg gehdcoaf), ERjresGet) Ine.rvedy.exmessgen.cdin)o@pesbEVoD

I nternational Conference on Managenent of Datg, _Saﬁ Di ego, Cq)lgitforni a,
Jun. 2-5, 18gghnokmyins. (elameds, Cgi andmany qtheryeSunilagyppeptiflgnan busiaRy aker |-
M, Ediieor; - : ﬁ%gjgn : i ti:Qn
Technol %)%)y- tad?éogﬁ E‘%gﬁ%‘&%@&% urj: F%%%ﬁ:ﬂ?gﬁp itg’@r{?ﬂl’ n e(?nr?zti{ximé}rgl?lﬂﬁ ]3218
Or gani zat i oprad=duct§tlaadatipti/zetwditibmrebmAnBM A Bionkalidatey brd. SUd6G dBioeSynitisisi t ut e,
Jul . 1992; _Mcrqsoft rporation, "ODBC 2.0 Progranmer's Reference and SDK
Gui de. The WMicr@3d&any Dat abase Standard for Mcrosoft Wndows. TM and

Wndows NT.TM, M cr 090fefevaffiRmoRat-8B8A D€ tdeh RRRCSynyies fdvh sl F¥grheénts which
Devel opnent Kit", 1992, 1993, 1994 Mcrosoft Press, p 3-30 and 41-56;

. : 1997 ¢ . p. 3 96;
| SO Wer ki ngisDeadity, amadablo 4s eptimigficny pastielism and bighdbrouaknus is stforth by Dillon

(SQL/ Foypdat i op)" 75-2:199. chi .S p : t '

Those S_E€| I 3131&) ﬁhsﬁq@@ﬁqﬁ%ﬁqu@&g&éﬁ. %S'ﬁy}xr%%?]ﬁja%gg a}pé(%geﬁaﬁ&g%de&%é%lyt 0
this confi ggf@h@m avg'ehb Gdin AR of parfdlly 6Rilappitg siapResnahd bligomkketdds without

i nvention. For exanple, in a two-tier configuration, the server system

executing t Hee usqeéligaseds described. \Bryprgheroupyhavialso sleacsibed suasessiil AP GHER 0o ns
O o e S5 o8RRI R 18t U DR 0o BREE PO gt
t hat of increasing size, thus demonstrating the methods general applicability and combinatorial
20  nature for synthesis of libraries of mutated genes (for usefil references see also, Sandhu et
al. (1992) Biotechniques, 12(1): 15-16, Prodomou and Pear] (1992) Protein Engin., 5(8):
827-829, Chen et al. (1994) JACS, 1194(11): 8799-8800, Hayashi et al. (1994)
Biotechnigues, 17: 310-314, and others).
More recently Stemmer et al. (1995) Gene 1645: 49-53, provided evidence
25  that PCR-based assembly methods are useful to build larger genes of up to at least 2.7 kb
from dozens or even hundreds of synthetic 40 bp oligonucleotides. These authors also
demonstrated that, from the four steps comprising the. known PCR-based gene synthesis
protocol {oligonucleotide synthesis, gene assembly, gene amplification, and typically,
cloning) the gene amplification step can be omitted if a "circular "assembly PCR is used.
30 Once prepared, the gene(s) can be inserted into vectors and the vectors used to
transfect host cells and express the encoded protein(s) according to routine methods well

known to those of skill in the art. Cloning methodologies to accomplish these ends, and

sequencing methods to verify the sequence of nucleic acids are well known in the art.
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are in a format other than a URL. Yet another nodifitcation would involve
the adaptation to a nmulti-mnager environnment. -36 -- 5 AUG 2003
3271. 002WX0 X. Incorporating a physical evaluation and feedback |ow, As

i ndi cat ed ve .. in.certain preferred enbodi nents, the sel ect Fogigrii®ria
LG Jong

can requir nol ecul e(s) represented by the concatenated strings
neet certain enpirical physically assayed properties.. To assa hese
proper t i esExamples qEappsapiiafe ¢lenignedd sraucaoee EaEaws, sl isstclens spiiciet Sl i sh

thi s, e BRbAGIGHS ) AAPEESRRNE oo BRI RANAT BLigb B indsa,

physi cal | y synthesi ze . them'ca y reconbi nant = net hods) or
i sol at ed. Phwdd todifolssuithElnsigdiechyspes, MpthotieimBnzypologs ¥et HaRiAdedeeicPoeksd by

hvent Lon: 18130 Wieftns A B eesmbodCd Lt B8 SaBa T &r lonthe, ot Lfarlorn o
matter & hahd,s.AmheR)) &7d10-8 c&ﬂg Sbﬁﬁ% HadRRAY.ab&hatorR TI@Spridy BaBesPlesd NY;

properties. In a preferred enbodi e gene synt hesi s technologﬁ I s used,
typi cal | y, and CuorensPrasesols inlaleduder Binlogy JoN ifarsebal ehelngds., Qurgent Braipepds a

adherence ta_t he, seguence,..repr tations. provi ded . | ect]on of
concat enat d*YFHE EG‘B‘PSH Gix %‘51% E@gﬁ%én%fsl%ﬁges%g' %n?i JItoﬁrll gthCIX \C/‘% §P I?SC) tr[#c"
Preferred gpma Sipplddemt)s Pigdioiforalationfibashandiatreticifitislogitallredpentsiagd of
104- 109 "genel/protein™ variation. This is typically adequate, for

scr eeni ng/ SEpEEneTHH egripsabilso provideanigapationgisaiul axkigva biglogical metheds. (Such

make a ' | | a ool 2

hysi ool aduaRichrB3aRIEhE SRoMACHRRH CoBubERIE! Bl METPRED Slicfhs
aSSﬁydn;at hQNﬁmietalplbllil@ I\@ﬂl I }, Pharhedc %adLKIB %iae%l]nold'gyio(giseaMaﬁém,rCL@H}TEGH gn

met hods enerally all ow sanpling out 1 var.iatjons ess by a
particul ar %@P’@&F%fmﬁ- (Falor kg, G, pﬁfﬁl GRes GAEP-» cla@bﬁpmaf@owwt ed to
sanpling a 5 G?eﬁﬁtl?é , by @ : ofd¥Bitrce T xes
is a pref e?%hva#&é%égﬁ s | ar gsgurggy%g?swdgg;r%%ﬂgg‘é%lobe E:iéircr:p Geailt!g%@éﬂg,
sanpl ed. LaMByFlikdCharhies BidvhemikarAnatytikadFhika Gheminld GaBuchsafipiteetland), g. |,

o Synihes/IBBNgEHE S Hitrd Car ahd APBE! BisPiuinl oot Eiohrth B Fed” ™"
sequences gikkrlchgimndrsial doarddy kidy to SRGTIsRIN. Ng. Sol el y, for the purpose of
clarity of illustration, this discussion will focus on one
The physical molecules, once expressed can be screened for one or more
properties and it can be determined whether or not they meet the selection criteria. The
character strings encoding molecules meeting the physical selection criteria are then selected
20  as described above. Numerous assays for physical properties (e.g. binding specificity and/or
~ avidity, enzymatic activity, molecular weight, charge, thermal stability, temperature optima,
pH optima, efc.) are well known to those of skill in the art.
In certain embodiments, the physical molecules can be subject to one or more
"shuffling" procedures and optionally screened for particular physical properties, to generate
25  new molecules which can then be encoded and processed according to the methods described
above.
A variety of "shuffling methods" are known, including those taught by the
inventors and their coworkers, e.g. Stemmer, et al. (1994) Nature 370: 389-391, Stemmer
(1994) Proc. Natl. Acad. Sci., USA, 91: 10747-10751, Stemmer, U.S. Patent No: 5,603,793,
30  Stemmer ef al. U.S. Patent No: 5,830,721, Stemmer ef al. U.S Patent No: 5,811,238,
Minshull ez al. U.S. Patent No: 5,837,458, Crameri ef al. (1996) Nature Med., 2(1): 100-103,
PCT Publications WO 95/22625, WO 97/20078, WO 96/33207, WO 97/33957, WO

98/27230, WO 97/35966, WO 98/31837, WO 98/13487, WO 98/13485 and WO 98/42832.
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of the many possible angmavail abl e types of known methods for the
producti on of bi ol ogi cal-:* 30 nol ecul es. Current art in the pol ynucl eot i de
synthesis is best represented by well-known and nature phosphoramdite

chem s”WfoBQ}@&b@m one of skill to effectively prepare -3y MJ® 2803G 2003
3271. 002 leotides. It is possible, but somewhat inpractical to

onger ¢ hain ?@@Sﬁxé% seealcpense ek Rsops dririon SN e HefRbbogRs
L2t gl 290 LIS EAP 651 EXEMAOREPLS, 1998, Usa B0MeR.56d, knd 40- 80 b

size can b tinely and di'rectl very high purity. 5 1t is
not ed that Selifgonuad Stumﬂawahddsgfmemm@grwameers;mugmpobm:@cdméddee&st r anded

or single stranded) genes can he ordere comer ci al
sources sudl J’Pésﬂdﬂﬁé'a?(ﬂ’& ﬂéﬂf?dézf”f‘ﬁcfef @acsgéséﬁﬂbg@é%%%@%%gos com,
The Great American G@i&gdd;ﬁe{mﬁ@ et &séﬁwwﬁbgea@@ AQ Mo priRtieee a5 pralldlne.
(www. expressgen. com eron Technol ogies In (al aneda, CA), .and many

ot hers. Si mibderwiyere pmhtofdbsmdamdu}abhbmmmmh@&omiéﬁléﬂ 3P}%?Ht&ﬁ§t1@fgeﬁesvar| ety

of sources such as Pe tld Geni c C.
(http:// wwfﬁtqsb?%y% %“rvﬁfcsf"gﬁ’ékt&nﬁelng&ys gm"(‘tﬁﬁﬁg %Qym ﬁ%ﬁﬂgﬁ@'aﬂ’p
Inc., and mRpy, %ﬁ'%a‘éels or &trﬁy%' IV edRklsd6HTR B pobRiscomanier th&lallgerrmrts;aﬁﬂlhem S
from smal | fragnents which 1s readil y . anendapbl e toei)ol?ﬁf‘m)ig i on

par al | el i srdesiaerdipluradity ofmolegipuiare synthesized i @ HnglP Yorg Heylsten
1990 t ech nbl
E)r oc e)s d %l)? .’%)C cga:gi ues%mléﬁ% a.lil(? s(gg)gm%ggflvd%]t%m (ﬁ'lea&:gsug RbtHer RaGBAbASSenbl y

over |l appi ng si ngle-strand

ol i gonucl eoddtaﬂﬁne@ﬁmwskﬂtbﬁ inge apf | i gase is described. Several groups
have al so descri bed successful appli ggtlon of gﬂl atIO$S .of the
PCR- based gene assean@CHBEﬁ*Sé@cﬁﬁsoPﬁe eref) A1F ARERADIG T RFAMCHAR uifag big

i ncreasi ng p §‘teﬁl|§ W@J ngﬂgﬁétlflg%st&ﬁé‘ﬁtre%bnﬂrik@&al%ﬁ@aﬁlaﬁly (@BQ

conmbi natori a ure TOI’ S 't brari es of nutated geenes
useful refeegn Zgﬁlaﬂe@or@l EEh)pkBamj MiApAir Tathni¢al Sedistrigs.dviestan

15 1?19&2?%’;@@%“@%&% %‘ﬁu‘e 3 é%glgwgyggxﬂf q&? ]g 8[')1((’ E@g‘g ¢ ﬁéﬁmfsggﬁm ques,
1 7 310-31 4ty8?c§ﬁ ﬂgﬁ'{a&) entP f)ﬁ\c&ﬁﬁ@;ﬂﬁélﬂdlﬁé algBhpletand keagt PATMinge iquid 645!

49- 53, provi ence 25 that PCR-based assenmbly methods are useful
build I ar gedlsgms&g, tnfned pncmbatamsJ @dg”mabreadms ofithe miereplatssn getegigEs) WFR?P@EFS

of syntheti (f‘orlhcl)e sp say. ”h?c%g lég oL %fé syste gf)?ov%gﬂlgﬁ ﬁu@ﬁg‘hﬁut and rapid start up as
well as a high degree of flexibility and customization. The manufacturers of such systems
20  provide detailed protocols the various high throughput. Thus, for example, Zymark Corp.
provides technical bulletins describing the use of high throughput systems for cloning

expression and screening of chemically or recombinantly produced products.

X1 Uses of the generated string population(s).

A) Use in genetic/evolutionary algorithms.

| 25 In one embodiment the methods of this invention provide a population of
character strings. Particularly preferred character strings represent encoded biological
molecules and typically the encoded molecules bear some relationship to each other
reflecting a level of biological organization. Consequently, the character strings produced by
the methods of this invention do not reflect a random or haphazard selection from a uniform
30  sequence space, but rather capture degrees of relatedness (or variation) reflective of that

particular level of organization (e.g. gene, gene family, individual, subpopulation, etc.) found
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dermonstrated that, fromthe four steps conprising ttte known PCR-based gene
synthesis protocol (oligonucleotide synthesis, gene assenbly,
anplification, and typically, cloning) the gene anplificat i"orﬁ gﬁ@?”@%n be
omtted if 33 i‘g&i\ﬁbloar "assenbly PCR is used. 30 Once prepared, the gene(s)
can be inserted 1nto vectors and the vectors used to transfect host cells
and express_ Lhe encode otej.n(s) aggording to routine t hod | 1, known
0"t hose. oft PRTRAI il "LHeo Ied iy AECTRETIAS A5 L& RoBaliosHE Tak o Plese
ends, and pfRELENEY (e kRS tHiPinveitidnthid}foside deBemml Qﬁrtiﬁi?%bﬁit €oraatidss ar e
wel |l known in the art. -38 3271.002W00 - 5 AUG 2003 Exanples of appropriate
cl oni ng an&velutiorany mngels anthpiecpeayenien foriugs i evelutivnsryAlggritbms fevolwiondiyr ect
persons of ski l{i t)hrough many cl oni ng exercises are found in Berger and
Kimel, GIPE&"YH/ Mol ecul ar O oni ng Techni ques, Methods in Enzynol ogy Vol.
152 Acaglem ¢ Press, Wik usedinsuch @@sdelsGhe pBoulgin)s (cdProtismal( chiradler sttia@99)
Mol ecul ar Cd oning _A Laboratory 5 Manual (2nd ed.) . Vol. 1-3, Cold Spring
Har bor Lab@musﬁfgby thyst raethpglsioh dhisgpvertionrpraide fagpore infgrmeationdhan exobitinans i n
Mol ecul ar Bj . &?HgﬁJ . ., eds., Current Protocols, a joint
venture be?&/@éﬂ%g@#ﬁ%@o | |pﬁgit“2§4éoci ates, Inc. and John WIley & Sons,
Inc., (1994 Suppl endiot xanledudctre amévalutanagralgorchmrahzé st antatisg pbint, a

bi ol ogi cal reagents and. experinental equipnment .als ovi de i.nfor.mafion
useful i n PRBAANDR SBEHSEE 2 SEOREMGOM SE AFPITEY TatReRs, Chsr Ayramics af (e PRI HER v
chemi cab COOMARYrdeRAkidh fethe artiidhry s SYHHAER paft¥uiR 88RAbh . ¢ M tribution
Phar maci a LKB Bi ot'echnol ogy (Pi scataway, ), CLONTECH Laboratories, Inc.
(Pal 0 Al t 0,0f @&)pertigisanthEaeaitingpqpulatioh@))i Sinceitleniterting Goind taarbitiant andauk ee,
W), den Research, Ipnc., G B RL Li.fe ,Technol ogi es, lpnc. (Gaithegrsberag,
VD). I ke COORRIE e e mpRafion brpice PR TR e s, e dyplcd SRS
Swi t zer | an@pformaor fRghidipaRAdyaicd dfR@firalphocedstd/popilhiits. Bi osystens (Foster

City, CA), as well. as many other comercial sources known to one of skill.
The physi cal nol ecul d8conffrsh taspnilesiieny of sharadersiringsiaducss by the raethedsraf
proper ti.es - B t : hegdelion
criter ilg. fﬁ{g%‘ﬁ%@gg?’gfﬁ“gﬁﬂﬁé@éﬂ@m&n‘gﬂnﬁ g%r[lﬁ%g]sﬁ ﬁ@gfl Pﬁg@@g Bﬁg‘y ca

sel ection daicbeventioadlevolatonse hipotitehs? FiRs eadamnembeacfpopulatiomcomeainsis assays
for physical properties (e.g. binding specificity and/or vidity, .
enzymati c Oppigepple lﬂg’r@%ﬂ“afﬁg%@%ﬁ?‘? SQUafSHRCtITEn Py ongagn '?rtlﬁffhsﬁngmshed
tenper at ur g ot | 'SEABEsP (o 5AQNBIE RptRBHEHAD, Bitirktel N
the art. Iﬁi—ég{e?rtg@ﬁ”@%ﬁ%%ﬁtﬁ?lﬁ%ﬁga@%?%p?ml gyleﬂlée%pc%n bé ubj ect eto
one or nor enembers are distinguished by degrees of relatedness/similarity. Members of the populations

20  produced by the methods of this invention will reflect varying degrees of covariation.
In addition, because the populations produced by the methods of this
invention reflect a fine structure characteristic of the level of biological organization encoded
into the initial strings, the initial dynamics of a simulation run using these starting sets
reflects the dynamics of "real world" populations and affords considerable insight into
25  evolutionary processes.
In addition, because specific molecules are represented by members generated
using the methods of this invention, evolutionary algorithms run using these data structures
provides real information regarding molecular evolution and/or the design of new and useful

molecular entities.

30 . B) Use in index generation.

In another embodiment, the data structures generated by the methods of this

invention can be used as tags (indices) for indexing essentially any kind of information. IN
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"shuffling" procedures and optionally screened for particul ar physical
properties, to generate 25 new nol ecul es which can then be encoded and
processed according to the nethods descri bed above. A variety of
"shuffling %&;tllaggﬁ;boare known, including those taught by the5 Abgelddrs and
their coworkers, e.g. Stenmmer, et al. (1994) Nature 370: 389-391, Stenmer

(1994) Proc,. Natl. Acad. Sci.,. USA 91: .10747-10751. Stennels.. U Pat ent
No: 5 603 74 oBRsect dnanatp oL ereaigr amisgibo ogebd Eng sEhIRId e sty SERER]
U. S Patent (Bﬁaméex&%ﬁng%ﬁgaving\/éreﬁewilnn@ﬁtyéﬂnhu&m&nﬁ@bﬁ@ﬂd\iﬂsr simifdity £8gged
Craneri et al. (1996) ture Med., 2(1): 100-103, PCT Publicatjons

95/ 22 ;325, mﬂgwem/@m&f thﬂ@awt@@i/zmham lovengoutpritydn poeferebeapbodipentyy/the 966,
WO 98/ 31837, \WD.98/.13487. \\D 98/ 134 ] W00 - 5
8. iltPrioé 1e c %WgtreéFtng%s léSﬁg?O %Eqw 1@&%&3}%&%@3 olgc?atagﬁeglg:ftggé

AUG 2003 | "8 p ing=applications descri ortant DNA
shuffli g Bﬁbﬁﬁd@hﬂ%)&ﬁe sifrSlefity of .t taggediafodinagolJSSN 09/ 116, 188, filed July
15, 1998, USSN 6 t hods for

0/ 102,362, and . Selifonov and_ Stemter . ki n
character strings, po%ﬁh%:ﬁ"é‘&thi ig perfgrmed oy ig st ?Hé%nﬁg’é "?ﬁig}‘SHﬁsthdétéPngPsea“%
characteri sg | | M6 atib i8ddbired nd BatBdGhdri@Ran b E
met hods de:tt(‘:#rjlﬁ’g%‘I Sagg?}g%@gﬁcgo?%g’r%ggﬁyggﬁ cegllgn amp’ar all el _rmdea?/\h_ere
each of t hesehrotied fothgmhildr imemateys usirpbmyof thene¢llkinaven simplatitysdlganthios desesibgénes,
. proteins, pqlysaccharjdes, etc. for subse nt physical screenin e
synt hesi  echoNCs aeSeSmAF AgPEEE e elagi © BEP_BE#‘% wroge =J%I§§=e%“§,e?%?leﬁ“n a
pool W sgy MepaR R eRodldus B sPRE! Witkh théttbersl@adic&y op tskirl isinyitagity afel ecul es
are synthesized in a single vessel. Many other synthetic 10 approaches are
 known and sidentifidds thes wal paipe to e tagged dasa thesebymyetiding fog endaigr with pelated

determ ned by one skilled in the art. The processes discussed herein are
amenabl e to“% @ on using hi gh- throughput systens. Hi gh throughput
(e.g. robotic) systens are comrercially available (see, e.g., Zymark
Cor p., Hopki nt onC) VA, U 4s regaenécceljedts luddthbase seMhessr, OH, Beckman 15
Instrunents, Inc. Fullerton, CA; Precision Systens, Inc., Natick, M\
etc.). These systens Inaspiatal dpplicaticontie darstructmrgspooded by themaethersf this|

| < e fovic 4 ot rhr et ! s . .
el r Bha igerarm. ohue Ao ofeuh HetasFeaRET by T pielio il et
These confi giyakadl &j&%ﬁh%ﬁ&b@ie%\é%@ﬁeshif%hcidﬁﬁplél,gﬁﬂﬁldlkxﬁﬁd’z imeqpidiioh (ag. up as

wel | as a high degree of flexibility and custom zation. The manufacgturers
of such systeheulo simawiede indexastings fromoa kpowlsdghdatgbase avdesprippd abgvelighput .

Thus, Tor e)égcrgc)ila& hm? Xlro’rgi%iéd ggcroeding to the methods described herein. This produces a new data

structure that captures related, but non-obvious variants of the initial encoded information.

20 The resulting information (e.g., members of the data structure) can be
deconvolved to identify actual or theoretical molecule(s) and this can be used to search
typical databases for the same or related molecules. Where the encoded information is from
a database index, the member of the data structure can be used to probe the original or new

database to identify relevant/related information.

25 D) Identification of structural motifs conferring specific molecular

properties.

It is often of interest to identify regions of a molecule (e.g. a protein) that may
be responsible for specific properties, e.g. to facilitate functional manipulation. This is
traditionally done using structural information, usually obtained by x-ray crystallography.

30 The sequences of naturally occurring enzymes that catalyze similar or even

identical reactions can vary widely; sequences may be only 50% identical or less. while a
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provi des technical bulletins describing the use of hkgh throughput systens
for cloning expression and screening of chemically ot reconbinantly
produced products. Xl. Uses of the generated string popul ation(s). 25 A
Use in 1ljenetic/evelutio nary algorithnms. In one enbodi mant_ti@\ Eegm]gds of
this i nvent32dh.082%0P%e a popul ati on of character strings. Par iy larly
preferred character strings represent encoded biol ogical nolecules and
typi cal |y tihmilgrndsdeddenrphmes ke sathlgas omoidentioal @hétinms bihpr propatiehofdhdver

reflecting a | evel of._hiological organizatjon. Cqnsequently, the_ character
strings protigeEes By it &%ﬁ@-ﬁ%ﬁﬁﬂ%@éﬁwgﬁﬁr FESEUSHAISEBIIS 9 andom
or haphazargmpglaffzé hQ@OI‘EgEHimsélvb’lﬂk,pr{ il %Sﬁ?ﬁ%%g?ﬁfﬁgﬁem@r%ctfvlﬂggﬁ{encapt ure

degrees of relatedness (or variation) re?’l ec particul ar | evel
of or gani zammwbilizedgeasgofiexpremsiva ifi diffdrent hostaystemsialhey sish pogudeatatabytic et c. )

found -40 5 AUG.2003, 3271. 00 i n at ur al rld. The collectio of
charact & RPPRGE PEMAEEHTR R B K. BF G Py DA B Ing R hods
of this invaktiiffed fetorRe@VTHE ethe®fdébcrided hbdet@n BRb B apPlicds nbestalytic
evol utionary nodel s and are convenient for use in evolutionary algorithns

(evol ut i onargteinsdmgutigangy suah aplgxtekinge)endrever s¥rleip deill sequeneesyieishlaa prasnasers

nvent on” nrauasOF apakEle 5t d B or ST RS WRTE JSRBIShIL un on

arbitrary pdipihdbhoans enfvaied &) afithity offiRh@lcgbus Veuécenary al gorithm
utilizes as a starti E point, a_ popul ati on conpri si _nﬁy a _set of random or
arbitrafy nmenbers, t HBeqapFRofthe digereence betweananzigres with sigrilag sataliytie frmegenson
fromthe arPidt ALY a8 |: ' : ' : Af: ] : .
i stri bt oo abublyokiiBl b fart SoRiRAb AL Rdibib Ol aofpchcios gt cortain
starting popositians. dheietarajugt tan thany asimt acid differsmced. dawevien, ibrariz of adrianrs

Pegar di ng. L0 U e BoR R PO SR ha GerRCencp Aing BHETASTof e
col | ect i onstaafityGR&Y idfiaEtrifbd 4dIERIiMY BILCRShBYs s 1RisTRIROER, (Rén scleetihd hid

invention contain far nore”information than the random y produced starting
poi nt s iPsedconcatenaingesbsivingd topepulate aodada strushuyye withtensodeRivageants.each menber of

popul e Ton cont aine  FROLSEAE kLSt AR Bk SR iy

sinply as "pepétis9tnd6r the efidoded variunt ¢aalbe@et @ROBZE ndlth® BorrespordinginbREule
physically synthesized as described above. The synthesized molecule can then be screened
for one or more desired properties.

20 If members of the data structure are tested under a specific set of conditions
for a particular property, the optimal combinations of sequences from the data structure (or
the initial string collection) for those conditions can be determined. If the assay conditions
are altered in only one parameter, different individuals from the library (data structure) will
be identified as the best performers. Because the screening conditions are very similar , most

25  amino acids will probably be conserved between the two sets of best performers (the best
performers in the initial string collection (set 1) and the best performers in the populated data
structure (set 2)). Comparisons of the sequences of t best enzymes under the two different
condifions will therefore identify the sequence differences responsible of the differences in
performance.

30 Principle component analysis (e.g. using Partek type software) is one of many

multi-variate tools useful for such an analysis.
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menbers are distingui shed by degrees of rel atedness/simlarity. Menbers of
t he popul ati ons 20 produced by the nethods of this invention will reflect. - _.-
varyi ng degrees of covariation. |In addition, because the popul ations

produced b ods of this invention reflect a fine str r
characteri ﬁ?f’ﬂs%ﬁbﬂe | evel of biological organization encodgﬁmn@cpat he
initial strings, the_initial dynamcs of a simulation run using these
starting sets M&Hﬁiﬁ%&é&ﬂ!ﬂ&of "real world" popul ations and

af fords considerabl e_i ngjght int 5 eval utionar rocesses. In addition,
because specific nol é%_ﬁfmeg"oéli'eé ew@_a%w&h?‘wsi@? @‘Féﬂvﬁgﬂ‘é‘} AR used fhg t he
et hods of gbillrite NN UG affalthun ARG AN BRI HEBLMNbISREI hbkeaIdle

structures_ provides real” i nformation regarding nolecul ar "evol ution
t he desi gn YA mmaicarsderns efube erobdaslintr menicdl nptes.. TRIS ¢B) invskyeimmapipigex

t] . t.h di t, he_dat a. st t ted th
Tet hods? of PRIRuEr SRS RrA R ke Piagend P HEE FEPE5h dblemginied
essenti al | pyaRymbstiNghdidr se€drdbrBsttubiire thMWiiddthd SBur@QR¥ES) - SAUG2003 t hi s

approach, information of greater siml arltg i_s_ta%ged usi ng nenbers of the
data structure (charides &1 esamplaghy priwvan §Sgnidhbasibesn nsaddp engodevaripes

informatio f. | | 1¥ . i - W ta .
o Rulbicy e A o RS T EELS BIA B8 s

3 imlar :c It y vadre plaged Branheipeed sfmirﬁﬂsgms,ﬁlde bed leg“,tt};amwdie‘rﬁ?;eﬂto ﬂiegmas of

ata r ect is 5 proportignal to) the simlarity of the_ tagge

i nf or mafi R g theBrstHtrand “ﬁéP&adF%&PJ%ﬁ% orgAn, pafle Fhetcorrgﬂiraféﬁawm usi ng
tradi tionaly#esschy &ﬁ&%@ A6Res ndleRratiian gla ?o%%l:b’wﬁéi* @b a0t/ RLATMR DAY S
desired, the data structure can be searche or simlar menbers using any

of the wel laHelig\whensiimgn iatsi foyndbin @@-sticetisOties variahtscire, alf omase, phgsdidesi m l arity
algorithns are designed to provide a thqorough, rapid, anqﬁeffi cient . 10

search of an enor noudn@gmethpdsof thiggmvsniien i iologisal welegulgs arg gagqded info

simlarity i b ' Rsa L ARAEA A3hRiddngr eby
provi di ng tsﬁgfgg’n gﬁ&%\/ﬁggﬁleg{g‘?g{tﬁé\% c?tg?%g&rraé%ﬁ%. CtSUse as&?e%er ence

obj ect 45i n distritied sbowe dtehpepulated datarseduatiedis dippl usedas inpyt tbheroghm (efgr, Bt ur es
produced b

y the nethods of this 15 invention, or the .nenbers .of ch data
B P U6t ur es LD At b tcre peaces Phgayd Beihe fisa Stz dntoarsy st ect s
in dat abasgugeRrchRde ifepltivelAePfilattdlis deddrited QBBvd MERLFBEA P irlgSratiants of the
musical phrases thus produced.

N Use in driving synthetic machinery.

20 As indicated above, the data structures produced by the methods of this
invention can be used to drive devices for the chemical synthesis of the encoded molecules
(e.g. polypeptides, nucleic acids, polysaccharides, efc.). Using only a few initial sequences
("seed members") the methods of this invention provide literally tens, hundreds, thousands,
tens of thousands, hundreds of thousands, or even millions of different encoded molecules.

25  When the resulting data structure, or members thereof, is used to drive a chemical (or
recombinant) synthesis a "combinatorial” library of the desired molecules of virtually any
size can be prepared. Such "combinatorial” libraries are widely desired to provide systems

for screening for therapeutics, industrial process molecules, particular enzymes, efc.

30 EXAMPLES
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nol ecul ar structure, or Thdex strings froma know edye database as
descri bed above) is encoded and nodified according to the nethods
descri bed herein. This produces a new data structure that caghgbgs

rel ated, bub-ngR @Y ous variants of the initial encoded info o320
The resulting In%ornation (e.g., nenbers of the data structure) can be

deconvol ved to identi tual or theoretd cal I I 1 hi 0 be
used to search typi c'lf‘ﬁé f@gqvgﬂﬁgé@qkésrar? ﬁ?ersegrtr%ﬁglf’gég’lbgégét tﬁglﬁgﬁz{&eglﬁﬂ\%ere
t he encodedpiédpiigpmation is from a database index, the nmenber of the data
structure can be used to probe the original or new database to identify
relevant/related information. 25 D) ldentification of structural notifs
conf er ri ng Exsseplels IDAIEISIN, yIaeEYties. It is often of interest to
identify regions of a nplecule (e.qg. a pr.otei hat may ,be responsi bl e
for specific propert i%”s“}noéclj{ sef] c“f’%c\”?rﬁar[;lg'ée%f @%ﬁopé‘ﬁaﬁe %ﬁ.‘??%ﬁ?%@@ﬁg Thi s
I's tragit %@fﬁﬁ&éﬁﬂ %H@oﬂ@re&n%a EuEEIR sybefsmBihindier oPSldInuvleaiiesitired by
x-ray crystallography. 30 The sequences of naturally occurring enzynes that
catal yze sisynthesis oan bymmimizg¢dht A&t ploé peirviseslignameny af 31l ppsaible pais e Jd13eEys

oy b o SO S 5 UL 2 A RPN R

properties whild NEsRer Hi%BABSABYY% Peick@tridaitgyéricacinivindowldfesea.i Noteuhia

physi cal properties such as stability to tenperature and organic sol vents,
pH opti ma, sangasicy of glignamsint (ang splsequenhieRreaeRtalqn Qf GRPsEAver R PRIERY) canke
of exprgssi 4 | 4f: e I ' |

or oper e RRPHaghEL R 7 pbiph S RE BRIk AGIUP S be I End a
accept ed, afhd egp@ie of highlydwnnilsgoas pyrents Alorsthctakkibbiases boaidive esebiabwsdvdrer e
can also be applied to non-catalytic proteins (e.g. ligands such as

cyt oki nes) waerretassd Witkis@adehci 0" sequences (such as pronoters that may be
i nduci bl e by a nunber of different |igands), wherever nultiple functional

di mensi ons pegmeRcRded fi¥cds fadsibnQf crdQRIrQligbuclER e thidgisBgcause of
t he diverge NZymes W Sstmlar catalytic functions, 1t is not
usual Iy possible to cokimericnbpelyrudlédtidesy operties with individual amino ‘
acids at certain positions. There are_iﬁjsust t go

L . . ny am no acid .
di ffereltes. However , Firstoyubsiriags are idepiifisd pad selegte Pﬁ?eé&g?l@&mbrsmﬂ%&é?ﬁ ly of
honol ogous I ' Ok b ' iyt o
initial st ”Q]%Iglgirn &%‘?53%263%? %afbﬁé@%é@%%ﬁ@e@ﬁ{f |O§S'i R%ﬁ%ﬁ@%g% Zis)el ecting
and 15 concaleatiftinggl stipst ¢fl thgpaitwispbpuolagpregicha batveen all parestahrharaaserc oded
vari ants.

5] a

strings, b) selecting all or part of the identified pairwise homology regions for indexing at
least one crossover point within each of the selected pairwise homology regions, c) selecting

20  one or more of the pairwise non-homology regions for indexing at least one crossover point
within each of the selected pairwise nonhomology regions ("c" is an optional step which can
be omitted, and is also a step where structure-activity based clitjsm can be applied), thereby
providing a description of a set of positionally and parent-indexed regions/areas (substrings)
of parental character strings suitable for further selection of crossover points.

25 Secondly, further selection of crossover points within each of the substrings
of the set of the substrings selected in Part 1 is performed. The steps include: a) randomly
selecting at least one of the crossover points in each of the selected substrings, and/or b)
selecting at least one of the crossover points in each of the selected substongs, using one or
more of annealing simulation-based models for determining probability of the crossover

30 point selection within each of the selected substrings and/or c) selecting one crossover point

approximately in the middle of each of the selected substrings, thereby creating a set of
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The encoded or deconvol ved variants can be tested i_ﬁh.asi lica for desired
properties and/or the encoded variants can be deconvol ved, and the R
correspondi ng nol ecul e physically synthesized as descri bed ove. TQe

synt hesi zedB%I %g%(g can then be screened for one or more tebiAubd200
properties. q Q‘r‘oers of the data structure are tested under a specific
set of conditions for a particular property, the optinmal_ conbinations of
sequences fRARYIBhEOsRVE RARlGCYIgTe epcdyPoitdg indexed o casrespondinghpeacier pRsitipay

t hose condi i ] f SSAY. Lt :qre altered in
onl'y one parsadt of PEpiEnSELRE] Aed klndr & RRRALIARICH HLOITIIR S St eture)

w |l be identified &abhitdig dptishalpeddrorsagy aijudbacss s Hehformsal. ddepending on
conditions are very simlar, st. 25 am no acj.ds_w || obably be conserved
bet ween t hempiigdsisted t,fetefaaipe @P?@%@F@%@H@%&JPW%%% RO pafebe

initial st ”«a[?ﬂ:d??‘& %h%;g?@ if S BN AldeqRdile WAS uBREh) REEKAERRI Soddhs FlanpQthad ed
data structure (set 2)). Conparisons of the sequences oft best enzynes
under the tewpreisivheysen is pofained frsvenylparcnied sefngr andi b aduitinent pfcodengenorg

di ff i bl e, of di ff ' f .30 .Principl
Cormonent SRR FE b gtormet osmidaidie onn e ey S Rung poighdery ©
nul ti-vari ag@rdspedingisitith. fdis HUedds sdh Fafiymt§ decréeISHAImPERYOPdistinct 5 AUG

2003 Use in generating nmusic. I'n still another enbodinent, the nethods of
t hi s i nvent plagpnuelgotides feregene bibrage simthesis, andsney, baparhigplahybeaefigialfgrenses of
wel | kn r i i . I I , i- n
e encolod VRS Anbndl Rk aPhba SRR R Gndor wih R Becb By pBikbjopofie
subuni t ont gems pag.t3oesst @enti@al)e. The timng and/or tinbre of the notes is
determined by the notjf and/or secondary, structure in which the subunit

occurs. Thus for exarphig optigibhaste e grarascdwih cyiioniasdhis 1 g3§eRTs A FXBFEsion
various  nughg iRt Hu@fih 58 i ‘Zlglhg on€ gﬁ%ﬂfé‘?ssthg 'B%l?eﬂﬂ‘éﬂ dﬁ.ttmgrthé’ B@sg%Be’fpr oac

(DNA cal ypso, purines were p 2 the spee pyrim dines, bases
C T, G A ver eligappledtides vieivas imtodscticn of s Bas velrich tdnchaive uadesiablandnsaawenpésay ed

with jagz organ, while the conplenentary strand .wth bass. [|n.other
approacﬁés ﬁfglsﬁf)’afﬁa ¥+ B VeSO nﬁ‘ﬁ‘ﬁ‘g‘éfzn 8 AN M FETRSTRR e TYRYRd in a
helix then phensit is found in a -sheet. Qther variants are, of course,

possible. Ih the nethods of this invention, the biological nolecules are
encoded into st ri ngslf Ahscauepstsrarngsdsarecetonsiatedegencatodegeedatg iNAHD

data struct Hfr:ﬁneo (?e%gzlle%tg gmgl%otides using position-by-position referencing to codon usage in
original DNA (of majority of parents or of corresponding parent), and/or - exercise codon
20  adjustments suitable for the selected expression system where a physical assay will be
performed. '

This step can also be used to introduce any restriction sites within coding
parts of the genes, if any, for subsequent identification/QA/deconvolution/manipulations of
library entries. All crossover points identified in Part 2 (indexed to pairs of parents) are

25  correspondingly indexed to the adjusted DNA sequences.

Fourth, oligonucleotide arrangements are selected for a gene assembly
scheme. This step includes several decision steps:

Uniform 40-60 mer oligonucleotides are typically used (using longer
oligonucleotides will result in decrease of the number of oligonucleotides to build parents,

30  but uses additional dedicated oligonucleotides for providing representation of closely

positioned crossovers/mutations.



15 descri bed above. The pgypul ated data structure is-then used as input to a
program (e.g., SS- mdi) that maps the new sequences encoded in the data
structure into nusic. The data structure can be iteratively repopul ated as
descri bed abeygoiWeeby generating variants of the nusical -phr 9pgIhus

pr oduced. é? {]s?e ‘iﬂ?drl Vi ng synt hetic machi nery. 20 As i ndi cated above, the

data structures prodyced b t hods of hIS ent i e o]
Gr i ve. devi ces for ¢ hcrtHhehe Supftredsesholigmacienisaate iredy exs Ve
pol ypept i descisioHy:| £1"¥edCdediionRAtHBe EtAlFHubBRE of Algonhcleddidel rHMdhdndIeyy

initial sequences  ("seed nenbers") the nethods of this invention provide

literal |y wenes ofidifirentdengthsiwitl asnsddeletondimsertion)hewpseialiy forHuted).eds of
thousands, or even md\iops ov%%%blfe ﬁlﬁﬁgr],cég 999@ b@ése&ﬁgﬁs an \lla%?%n‘é‘!}% algg{

resulting data structure, uséd
(or reconbiaganinktriyl) he5| s a "conbinatorial™ library of the desired
nol ecul es of virtuall si ze can be prepared. Such "conbinatorial”

libraries are widely E‘é?? Whﬁh%rdiesﬁmta@hg%lcmdcw aldowedd(Yies/dlof?h rAnother

t her apeuti

ExapLes - 13 B H T bR e AR o RS b Ao AR BBl fveilly.
i Il ustrat e Paitis] dagdnetaoy ks¢hrentes thd mitiaiizeddiegenceadyisolemdDaaerpdpecidtly Gereficial &i n
famly rmdg]lqldAm no, aci.d E{eﬂg}ﬁences were aligned. (Codon usage can be

optim zed SHUdEe Wpfagenigh ton for a .preferred expression system. and
nunber 19f ol i gonucl eqfidBsart MolSHB Lh&Sos tHegdlo ﬂ&@'s@%&ﬁ@ana@bx%ftﬁ’é ot
pairwi se alignnment of all possible pairs of parents was nade (Fig. 5 6,
7). Pair 6 parmgneters Iam/md t@&%qmmammmﬂﬂimy pomp]@mty etabmummnl:nmt ofxesGisiag

whil e all ot he al r vved 80% percen t r e nd w of >7aa.
Note that SRBIGERGTYY SSheRss e SRRl oo Palp el B '
crossover bﬁhl{sﬁ@ﬁte@ﬂxﬁ@ﬂhg brataddtedsnd, a&bsa@wnﬂy,l a%&@ﬁbly aﬂtnellmy |11Yp€5s@ﬂiorﬁﬁ9h
pair, so that | ow honol ogy crossover can represented at the expense of

hi ghl y honsmesdpapiicbor partipipoeting formats) Iftshla ng witheut spphistigatedsofaase. fer e

ol | onbaP cory R PRI Bren (IR FoibionRPCRRESH iRk IR 2Thacit BEARKS"

substrings oanéetud@ht ified and selected in parental (initial) strings for

Fifth, "convenience sequences" are designed in front and in the back of the
parent stringé. Ideally, it is the same set which will be built in every library entry at the end.
These include any restriction sites, primer sequences for assembled product identifications,

20 RBS, leader peptides and other special or desirable features. In principle, the convenience
sequences can be defined at a later stage, and at this stage, a "dummy" set of appropriate
length can be used, e.g. a substring from an easily recognizable forbidden letters.

In Part 6 an indexed matrix of oligonucleotide strings for building every
parent is created, according to the selected scheme. An index of every oligonucleotide

25  includes: a parent identifier (parentID), indication of coding or complementary chain, and
posttion numbers. Crossover points are determined for indexed coding string of every parent
with head and tail convenience substrings. A complementary chain of every string is
generated. Every coding string is selected according to the selected assembly PCR scheme
in part 4 (e.g. in increments of 40 bp). Every complement string is split according to the

30 same scheme (e.g. 40 bp with 20 bp shift). ‘

In part 7, an indexed matrix of oligonucleotides is created for every pairwise
crossover operation. First, all oligonucleotides which have pairwise crossover markers are

determined. Second, all sets of all oligonucleotides which have the same position and same
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appl ying a crossover operator to fromchinmeric junctions. This is perforned
by: a) identifying all or part of the pairw se honol ogy regi ons between
all parental character strings, b) selecting all or part of thg Agerf003i ed
pai rw se hoggJ, o%vgﬁgi ons for indexing at |east one crossover point within
each of the”Sel pai rw se honol ogy regions, c) selecting 20 one or nore
of the pairw se_non-honol ogy regigns for indexjng at |east cine crossover

poi nt  wi t hPHT BERHCRIF CIORVERNEKEEA* P GroRse¥eT REMRE ARIGTRedi 16HS: §vop sqtofan
optional st Qrbligﬁlé‘:;x%ﬁag strihgs QAR Uhididvé 51:6?1' 19R1 WHE heWARE Rrossover marker,

structure-acti ased eritismcan be applied), thereby providing a
descri pti onand amtsetdenyative seitdf drehimericaligopanieaide sinngx cemprampeioharagtess

oF or o5 overnsedine £botie asd ity Ehfind 8 Pt B 3ol Ot A2V spm e
W thin eqchppiet b@oﬁﬂ%%ir’iﬂg@gﬁe pofiblelRavifil a fehwhrdend Ybfichid\@SsiEiak OCb@Ipdrant

Part 1 is perfornmed. The steps include: a) randonmly selecting at |east one
of the crossdlasreddyithe badkwa afthet geeonslentasent afernpssoyar gt GRMPIMe}

selecting at,]east one, of the crossovsar i M ted
substrings, Sﬁ'éjigﬁarcoagsé’ %Plgn Wéﬁﬁanﬁagféglé?rg%e%sb&r%%é@g%Pg[gds? Eé%?%(g@elﬁg for
det er mi ni ng ipleRdaPbf itkiNgncddify 6¥@muoMetides Quikdilador geleditichigrassnitity by B&Rh of
t he sel ected substri n%sl, and/ or c) selecti n%_ one cr.os ovgr (?Qi n&

approxi mately in the rAhidnendry sathiirger barplioanlbciedned by detpsting2ll rednndant
creatingpa - Q%n RRkAike ints,
wher e eg?:h %@F%@Ic}egﬁ?%%éie gg?ﬁ%@e@%@ﬁ%i ng gﬁgétgﬁg(ﬁ&p si??ggéﬁpi n each
of the par enttaddustion offhe dasit valde toothé shundarchareeunt” field ¢n thenndex oflsach poi nt .

Thirdly, opti.onal ,codon usage. adj yst nents ar.e. perforned. . endi 0
ot hods us 6 BURHEBHRTHEEN LTS, Do erY TETERLTRR 15 TR AR T o1
process can ol;agoél ‘r&ﬁuggfror ?ﬁ%ﬁéﬁ%ﬁﬁgpﬁcﬁar%ﬁ@%@d’ﬁ@aﬂéﬁﬁl sb@6ticesire

adj ust rent of “codons sél ecte expreéssion systemis perforned for
every par enthaghigbomplpgownd b) adj ust ment of codons anbng parents can be

perfor to standardi,ze,.codon usage for. ever kve e i d .at ery
corres g‘jgdi ng positi o-r?.i(’dl*ﬁf’%‘oﬂ“? B%algesmﬁ r{ogl?egrﬁ%/qllg‘isaﬁ%]r@ eag? gsg%egelﬁ %ﬁffgﬁ%
nunber of  digebdrivell witlouORpHRIng FHdntde shvit ofedPe bf he diiventiymadielainted, adidheny be

particularly beneficial for cases 10 where AA honpl ogy is higher than DNA
horol ogy, orinvintianfambs petdo srumbggrnidifirivserineludingies (e. g. 80%
dentical). This optiofy, g dr0.BeiEXRICLSRM idelleGRUMATY @BIeid abids bilor to
essence an expression ~of an elitismnutation operator. Thus, one considers
t he benefi t seqfshefficl nigeicheids dséladed in aalitegeine ptoeedsi des ver sus introduction

of this bias, which can have undesirabl e consequgnces. . .

20 An assay, kit or system utilizing 2 use of any one of the selection strategies,
materials, components, methods or substrates hereinbefore described. Kits will optionally
additionally comprise instructions for performing methods or assays, packaging materials,
one or more containers which contain assay, device or system components, or the like.

In an additional aspect, the present invention provides kits embodying the

25  methods and apparatus herein. Kits of the invention optionally comprise one or more of the
following: (1) a shuffled component as described herein; (2) instructions for practicing the
methods described herein, and/or for operating the selection procedure herein; (3) one or
more assay component; (4) a container for holding nucleic acids or enzymes, other nucleic
acids, transgenic plants, animals, cells, or the like, (5) packaging materials, and (6) software

30  for performing any of the process and/or decision steps noted herein.

In a further aspect, the present invention provides for the use of any

component or kit herein, for the practice of any method or assay herein, and/or for the use of

any apparatus or kit to practice any assay or method herein.
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15 Most typically, one uses codons which encode AA at a given position'in a
majority of parents. If AA sequences are used: a) retrotransl ate sequence
to degenerate DNA; b) define degenerate nucleotides using - 5 AUG 2003
posi ti on-by-positi referencing to codon usage in original DNA (of
majority 0¥2ﬁ6¥EﬁY§80r of correspondi ng parent), and/or - exercise codon 20
adjustnents suitable for the sel ected expression system where a physi cal
assay will be perfoltneundertoasd thatdhe exampi¢sandisambedimpntsdaseribeddigesn argyfor
restriction,sites wthin codi [ of.. ene i guent
dont i 11 cabioget SRSk ofif B oen Blob mrdo B Panes i iy bt
crossover pgigBited icpdont kkitled th tRa kil ard adend &x aetlidedpethis thefsppitnedpejview of 25
correspondi ngly indexed to the adjusted DNA sequences. Fourth

ol i gonuc! eBrs aplispicngererreoiiheannendsd dams o Albpublisaions spatents, and pafedte. Thi s
| 1 gonuct eBta PR LR GeRE” a3sient e
or ety i cRESE dled AGEhPABRerb? RRon L LOTIAULRR iRl i £E. 100

of the nunpetposds. ol i gonucl eotides to build parents, 30 but uses additional
dedi cated ol i gonucl eoti des for providing representation of closely
positioned crossovers/nutations. -46 3271. 002WX0 5 AUG 2003 Sel ect whet her
shorter or |onger oligonucleotides are allowed (i. e., a Yes/No?

decision). A "Yes" decision cuts the total nunber of oligonucleotides for
hi gh honol ogy genes of different |lengths with gaps (deletion/insertion),
especially for 1-2aa). Select the overlap length (typically 15-20 bases,
whi ch can be symmetrical or 5 asymmetrical.) Sel ect whether degenerate

ol i gonucl eoti des are allowed (Yes/No?). Another potent cost cutting
feature and also a powerful nmeans to obtain additional sequence diversity.
Partial degeneracy schenes and m ni m zed degeneracy schenmes are especially
beneficial in building, nutagenic libraries. 10 If software tools are used
for these operations, several variations of the paranmeters are run to
select maximum library conplexity and m nimal cost. Exercising conplex
assenbly schenes using oligonucl eotides of various length significantly
conplicates indexing processes and, subsequently, assenbly of the library
in positionally

-49-



encoded parallel or partial pooling formats. If this is done w thout
sophi sticated software, a 15 sinple and uniform schene (e.g. all

ol i gonucl eoti des 40 bases long with 20 bases overlap) can be used. Fifth,
"conveni ence sequences” are designed in front and in thg %@Ek @ t he
parent strings. ldeally, it is the same set which wll be iz in every
l i brar\CleftMy at the end. These include any restriction sites, priner

sequences far assgnbl.e rroduct. identifications, 20 RBS, |eader peptides
and ot her sgleci aIzg B}et@giéﬁﬂ‘gﬁt?l%gyl?l%gto?ﬁ%&? %‘PrrPrB‘?WHBPap‘T’Iéefe’Pﬁlée ragleswRs éce
sequenGagreSeatedtsy @atitBede®dtrirgd, ﬁigmeﬁi@%mﬁ%gat this stage, a "dumy" set

of appropriate ‘length can be used, e.g. a substring froman easily
r ecogni zabl €) feoedsiingiers ¢ranergbiologinalpaglecidesdnto sdidx stthictrae of Jnitgd] character

he ool SR Bkl kel Rlast¥hie b Jifiny oRBERBhet e 588 Rhoafasthh "o *°

par ent saidesidlofical méleauleNédmriset Adessabbam 10kuki@aksng or conpl enentary chain,
and position nunbers. Crossover points are determ ned for indexed coding

string of evBrselsshipgatleasiiwe sehshingsdom said initidl vharpelpceiringst ri ngs. A

conpl enent ar; I . [ } [ i string is

sel ected ac (%)r g?ﬁdga E%ngil?ﬁ%a?%%?%%Ldgg%agozlgﬁ%l%9? H%Egg%ﬁgéégswr}g%%g%ﬂ? hﬁé%e. g. in
i ncr endertgth af ontlorhmgre oEtteriyitiabehplratartrirgsy i Ng is split according to the 30

sanme schene .§e.gd_ 48@1}2 L){vith 20 bp $hift). In part 7, an indexed matrix of
ol i gonucl eotitiadding themraguct striges W adaja gaichye &xporulase 8 dotastragfareafinseduct r st |
all ol isgg{%g,cl eoti des which have pairw se crossover markers are determ ned.
Second, all sets of all oligonucleotides which have the sanme position and
sane -47 5 vAdseroindhBRqderee Mapitigasfithe prodactetringscelobentoat leastrdoenisitied per
crossover gt%i r}t.é are determned. Third, every set of 4 oligonucleotide
strings AP AR8% Bhi ch have been I abeled with the same crossover marker,
and anot her vilpgele¢ahg e GehoRfprdduchbidRidical flolEanRy $6a2biHeos WhAER HOSR ST Ng
of characters  encodin cﬂ ng and conpl ement chains (e.g. with 20 b
shi ft mpergeigeblgologicahimplegyles somespend o awsd@r myre of tha grodacestriegsdiaving,  havi ng
a for - [ nt.. .ol |l awed .by the backward
end o:‘Nﬁ' é@@%‘iﬁ%%‘%ﬁgﬁ‘?&? Iﬁtfetwkgtrhg{slg gg\)g?sqg{éi&nntﬂ.l al &%r'ﬁ%&%r q%’tlg' strings are

al so designed in the sane fashion, thereby obtaining an i ndexed conpl ete
inventory of strings encoding oligonucleotides suitable for gene library
assenbl y by 2PCR. Thiimethof efplamy !, vetergin said encasinggsinpisas encodinigitwedr nyore

det ect injler dcid RAUARBNInto g@dglll?jrg(g%ﬁégti des, counting them and del eting
frominventory, acconpani ed by the

3. The method of claim 2, wherein said two or more nucleic acid sequences
comprise a nucleic acid sequence encoding a naturally occurring protein.

4. The method of claim 1, wherein said encoding comprises encoding two or more
amino acid sequences into said character strings.

5. The method of claim 4, wherein said two or more amino acid sequences comprise
an amino acid sequence encoding a naturally occurring protein.

6. The method of claim 1, wherein said initial character strings have at least 30%
sequence identity with each other.

7. The method of claim 1, wherein said selecting in (ii) comprises selecting at least

one substring from an initial character string such that the ends of said substring occur in string
regions of about 3 to about 20 characters in the initial character string that have higher sequence
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i ntroduction of the count value to the "abundance=anount" field in the

i ndex of each oligonucleotide string. This may be a very beneficial step
for reducing total nunber of oligonucleotides for library synthesis,
particularly in the cases if parental sequences are higkg/ﬁUGo@rﬂﬂ%gous. 15
Modi fications can be nmade to the nethods and materials as herei nbefore
describ s departimng from t-he I Il L. 4QL. . f L | S
ol ai medaongy b ihe CEBSGRk el AR & shio iR o LR o ar?

i ncl udisaguenth sleptily befween thaitvegingiab chasyaeretmings. generate shuffl ed nucl ei c,
acids and/or to test shuffled nucleic acids, included in an iterative
process. 20 An assay, kit or systemutilizing, a use of any one of the

sel ection st% at egihednethomheleslainl b whegsip s#d selectingan fbheonyrises sideqting e s

her ei nb@b@rifesiRsE tHaba enlié b6sand dubsiRzs 66kl bypreaeittied it byalRarpPEs Soout 8
mstruc{]lon for perform ng nethods or assays, packaging materials, one or
nore c s which contain assay, device or system conponents, or the
like. In an additional aspect, the present invention provides kits
enbodying t 25 . .0 Ki L1 i

optional ly r(;,eci)rrpr_ ig%ggﬁgédowﬁﬁgﬁy&%ﬁg sﬁ? osﬁleg%#gt(ﬁ)g%méﬁgﬁhl% %%h@og%ponent
as desdroiged stig imtigl; chamyter sigingyiormanmizeqainpiseddentity jeteen tweehods descri bed

her ei n,suBRAKEY off tRE inPRE CRArh&Er dliessS Bl PeldcARg RICR&AEHF Bati8hehdbdr 3F af BB RId
nor e assgy conmpone a containey for holding nucleic acids or enzynes,

onent; (4
ot her matifey eeaépﬁgr}eqfr%%%?ﬁ%orasa $€08%ni mal s, cells, or the like, (5)

packaging materials, and (6) software 30 for perform ng any of the process

and/ or deci sjon eps_noted .herein. I.n a.furth spect . .the present .
Mvent i on. prider aeepsBaL P £ oierg sBg manEtorBRRERorikl Gpfiompilering
pract i cmeof neny cheeadierd obsaidigsizal oneroguct, charadiepsirings. t he use of any
apparatus or kit to practice any assay or nethod herein. -48 Th 5 AUG 2003
3271.002W0O It is _understood that the exanples and, enbodi ments descri bed
herein are fide iTheyaethed phclaigyl gdwscin paig methed yghencompsises mdemiveat i ons
or changrstihgarld Qktink 68E 60kt ddcuPénces bpgpgtielat dﬂeﬁ%&&ﬂc&haﬁd@i&r lieshid n t he

art and.are to be included within the spirit and purview of this

appl i cAPGAREAE 8 ope of the appended claims. Al publications, patents,
and patent 5 applications cited herein are hereby incorporated by reference

in their entIin. et nyl@ lrneﬁlloh of cﬁﬂﬁﬁ?@ﬁérein said encoding, selecting, or concatenating is

performed on an internet site.

13. The method of claim 1, wherein said encoding, selecting, or concatenating is

performed on a server.

14. The method of claim 1, wherein said encoding, selecting, or concatenating is

performed on a client linked to a network.

15. A computer program product on a computer readable media comprising computer
code that:

i) encodes two or more biological molecules into initial character strings to provide a
collection of two or more different initial character strings wherein each of said biological
molecules comprises at least about ten subunits;

i1) selects at least two initial substrings from said character strings;

iil) concatenates said substrings to form one or more product strings about the same

length as one or more of the initial character strings;
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5 AUG 2003 CLAIMS 1. A nethod of identifying nolecules for production,
wherein the nolecules are represented by concatenated strings, said nethod

conprising: i) encoding two or nore biological nolecules i Dt?dﬂﬂg%@m
structure of initial character strings to provide a collectt or

nore different initial character strings wherein each of said biological

mol ecul es cavpradde theaproteastrirgavta ddda sttt ts ; populates & ldatt stgtudé of asrluct Wo
substrings fromsaid initial character strings; iii) concatenating said
subst riSH§®St o form one or nore product strings about the same |ength as

one or nore \Bf détBEnin Eéqﬂ&n&hﬁéﬁﬁregrofsthé gﬂgﬁct ktsh @iﬂéﬂtﬂ& fHhg 1@55@ Q)HE Gnitial

strings to a’data structure to populate fa structure of product
st r i ngsharadtedsgtieg;randi ng sequence identities of the product strl ngs relative

to at | east aqne,initial char r .stri.n electr or nore
P auct by ovameleaft dsio mof e i bR Bt hroberiets yREeRt e gge ot
pr oductm&h 9&6&9&5@%%%@&@@5&&5&%@ on€ of Hf%r@éftff@b?odﬂf:t stnkih?%sﬁfaQHfgCt
strings having iLﬁgreater t han 30% sequence identity wwth the at | easSt one

i ni ti algredterthan ¥ sequengs idertity With thestHoakt ohe initzal gharacteirstrieg.n sai d encodi ng
conprises encoding two or nore nucleic acid sequences into said character
strings. 3. The nethod of claim2, wherein said two or nore nucleic acid

s equences QgIpr it camgu&k Efo(?grzé‘ﬁ \iﬁadﬁépdi%% I%n%gﬂeﬂﬁsa?d RA S dbledbiQegiear | NG
protein The mst1 | ai m encodi ng conprises encodi ng

8 (¥1Vner ein said
two or “?ﬁ’i?%‘ CSANY W AE At §€‘H{?§ﬁ‘?§é‘§m? BTy ORSHTHAE BFOtEIRg-i ngs. 5. The

nmet hod of claim4, wherein said two or nbre am no acid sequences conpri se

an am no aci,d seqyence _encodin at ural |. currin ot ein, The

met hod of “cidl m S e apBRE Plaren BrelBhu Rk S PR b hY fbreiofeial aou
sequenmeoli:@éesw¢ yucxlmt lacid aequentdsamcoding Thteraliytoeoutriof poiteinsn 1, wherein sai d
selecting in (ii) conprises selecting at |east one substring from an

initial character string such that the ends of said substring occur in
string regil8ns dhespwattenpiogram pinduoipfcimmalds whereinsaidavq of mpr bielagicalkt er

string rﬁd}aéumaay@aﬂr@,mg{d fagerpBee 50 - 5 AUG 2003 identity with the
correspondi ng region of another of said initial character strings than the

overal |
19.  The computer program product of claim 15, wherein said initial character strings

have at least 30% sequence identity.

20.  The computer program product of claim 15, wherein said computer code selects
in (i) at least one substring from an initial character string such that the ends of said substring
occur in string regions of about three to about twenty characters in the initial character string that
have higher sequence identity with a corresponding region of another of said initial character
strings than the overall sequence identity between the two initial character substrings.

21.  The computer program product of claim 15, wherein said computer code selects
substrings such that the ends of said substrings occur in predefined motifs of about 4 to about 8
characters.

22. The computer program product of claim 15, wherein the computer code selects
substrings by aligning two or more of said initial character strings to maximize pairwise identity
between two or more substrings of the character strings, and selecting a character that is a
member of an aligned pair for the end of one substring.

23.  The computer program product of claim 15, wherein said computer code

additionally randomly alters one or more characters of said character strings.
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sequence identity between the two initial character strings. 8. The nethod

of claim1, wherein said selecting in (ii) conprises selecting substrings
such that the ends of said substrings occur in predefined notifs of about 4
to about 8 characters. 9. The nethod of claim11l, wherein said selecting in
(ii) comprises aligning two or nore of said initial charabtAlyg 9083 ngs to
maxi m ze pairwi se identity between two or nore substrings of the initial
character strings, and selecting a character that is a nmenber of an aligned
pair for the&dend e compuisr Praggam Repdget fplaimsdBpsthereinysaid agnputprecodet hod of

cl ai m kddiddasie) Andahl KRR hltEkBAE oL ABRY dREFeiRDIPTbY iR e ect@Ne OF
nore characters % said initial or product character strings. 11. The

met hod Bragiehiniaxtehofgst sitRe8ai d met hod further conprises random y
selecting and altering one or nore occurrences of a particular preselected

character incsai [ i . . T thod.of claim 1l .wherein
sai d encodi 295 , se éc%tIB ﬁjﬁ)g% §{r0g(§i&5?18g®§ﬁtaqfi]éiadmi 123? wﬁgﬁ:efrb?aﬁgﬁo%wﬁgrncqjdﬁfs\g@?@
site. PRmFhesqed¢biiomithegraipednsisiingoémagseticdnediaopiting, mebd, eod oppmagnetic
concatepating is perfornmed on a server. 14. The nethod of claim1, wherein
sai d encodi ng, selecting, or concatenating is performed on a client |inked
to a network. 15. A conputer program product on a conputer readable nedia
conpri si ng QBIPUTRHe cofPdRr phakim blodeBCETdRSmt M0 whErelDied BirapRel Rk idml ecul es
into injitial character strings to provide a collection of two or nore

di ffer HPmPH?FF§¥w5%%T§XP£?C PPYEhs wherein each of said biol ogica

nol ecul es conprises at | east about ten subunits; i1i) selects at |east two
initial subskrin f e i r t-ri oL ded ) enat ai d

subst 11 ngs 20 1 or e haTeat AuElEARkER o bR Barychense FRASELTIA BB
one or nore of the initial character strings; 51 5 AUG 2003 iv) adds the

product strizggs t’l@ﬁ_e&ndﬁécﬁof&ﬂzﬁﬁﬁi,_lfﬁﬁhérQoﬁ9ﬁﬁh§bﬁ%§cﬂ@ts@re§ﬁihg%é&hﬁle@ﬁle{%ﬁ oduct
s .of, the prOdUCt Stri ngs re ative

strings; v erm nes, sequence identiti .
o at CrenrEtenfsiss e Piogn e 4k e Clerirh gesiseigropertis

29.  The method of claim 1, further comprising determining a computationally
predicted property for molecules represented by the product strings.

30.  The method of claim 1, wherein the molecules represented by the product strings
are made in parallel in an array of vessels.

31.  The method of claim 1, wherein the molecules represented by the product strings
are made by assembly of oligonucleotides.

32. The method of claim 1, further comprising testing members of the data structure
of product strings for a particular property and determining sequence differences responsible for
differences in the particular property using multi-variate analysis.

33.  The computer program product of claim 15, wherein the initial character strings
of (i) are related.

34.  The computer program product of claim 15, wherein the code instructs physical

screening of the molecule(s) represented by the product strings for one or more desired
properties.
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vi) selects one or nore product biological nolecules for production,
wherein the one or nore product biological nolecules correspond to one or
nmore of the product strings having greater than 30% sequence identity with
the at least one initial character string. 16. The conputer UGgﬂﬂ&]product
of claim 15, wherein said two or nore biological nolecules are nucleic

aci d Seque” 35 eggﬁcépﬂlgu&%wgg#)ﬁd&%m ﬁ!lll%r %@feﬂ?the]cgd ihBg,gomput er

progr am uct eln sal nor e ical nolecul es
are nuéﬁe IT@BP@OE@Q%M@@I@H&M%EM@H%Y foy Imd@quﬁgewtﬁ%éyﬁbe proguctThe
conput grifgsogr am product of claim 15, wherein said two or nore biol ogical
nol ecul es "‘are ami no acid sequences. 19. The conputer program product of
claim15, wherein said initial character strings have at |east 30%
sequence i déet i tﬁhe%@mpﬁhﬁpmgrmﬂpﬁrdupﬁcﬁ@ﬂm ]m, edierin e nedleduies kepresunakicdsn

sai d copp I%?ﬁct%ﬂﬂ'%u%ﬁ 1?%& - aﬂﬂl%lax) ga%_rg e substring froman initial

character ring PRE" &n str|ng occur in string
regi ons of about three to about twenty characters inthe initial character

string that 37havm1|e'oe§@ﬁte§gr i e rddﬁ@t”&f‘éléfm“ﬁt @h@reﬁﬁh@%?d?@di‘ﬂjésr}g% SatbyPf

anot her_ of saird initi strings.than the overal ence
i dent i the Prefvel sHINZs are Mgds By assembly i pigemiclestifes ri ngs. 21. The conputer
program product of claim 15, wherein said conputer code sel ect s substrings

such that t en of sajd substrin redefi ne fs ,of out 4
Co about 8 Ehar AleSPubiiss PO BisHck Sk ATt o0 o Fisthers

wher ei riha dega stompure ef poddet st gsdbsa patibsler properthandad dtgrmiimey sequence difiiereaced
said i t.ri e bet ween two
or rmrgés?bﬁ&}tﬂr%?ﬁ%@?fg %lht%g? ?Jer S%gﬁﬂ%&%‘fﬁﬁ%&%ﬁ%f% character that
is a menber of an aligned pair for the end of one substring. 23. The
conput er pr 3§r ampmsthedtof @denvfsangmm&culﬂhéwreimd@abnl, whargio ey molsdeles are

addi ti onal | ndom aIt .S one. e characters of said character
stri ng§°prgsf&§d E)% tpﬁﬁ%g 528 W% product of claim 23,

wherei n sai d) @ﬁéﬁ@l@ﬁgeﬁwcﬁﬁdﬂoreaad!eﬂlbwaélbad iﬁ@lsdﬂéﬂlﬁtosaeda(?ﬁtﬁmﬁﬁéoﬁinﬁt@dls one or
nore occurrences of a particular preselected character in said character

st r i ng$haragter atﬁeg%f@rm@m@ a gplrgtianmop Faecmorstdiprgniinits] chgreqtestringsivedherein
conput %Ech Gid 6101% ole%@le&“é&hﬁlaéeﬁ' ffeﬁ&%bé tolf(ﬁ‘shbﬁ}]&foup consi sting of

magnetic I'a, op onme ne
i) selectmg at least two substrings ﬁom sa1d initial character strings;

iii) concatenating said substrings to form one or more product strings;

iv) adding the product strings to a data structure to populate a data structure of product
strings; and

v) determining whether the product strings have at least a predefined measure of
similarity with at least one initial character string; and

vi) selecting one or more product biological molecules for production, wherein the one or
more product biological molecules correspond to one or more of the product strings determined

to have greater than the predefined value of sequence identity with at least one initial string,

40.  The method of claim 1, wherein the one or more product strings of (vi) have
greater than 50% sequence identity with the at least one initial character string.

41.  The method of claim 1, wherein the one or more product strings of (vi) have
greater than 75% sequence identity with the at least one initial character string.
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26. The conmputer program product of claim 15, wherein said conputer code is
in dynamc or static nenory of a conputer. 27. The nethod of claim1,
wherein the initial character strings of (i) are related. 28 gq’t’ezﬁﬁajthod of
claiml1, further conprising physically screening the nol ecul @(

represented by the product strings for one or nore desired properties. 29.

The net hod ofy cl af ar 1 ni C tonal ly
predi ct ed p?lgber'?l;/ﬁp o?thér&;f?%eég@ e@%%@&%@?%ﬁ% Hté’rag‘r’tgsé‘ﬁgg{ Lsf{(‘?i? lrﬁq)‘}s}J 30.
The netghestercharc o sequengihidentith withetherat leash beg initeg) chayesierdring: t he product
strings are made in parallel in an array of vessels. 31. The method of

| aim 1, wherein_the nplecul ted by th duct stri d
by assenbly Bf ol iGeRHEIERLIaiBLL SIsreIT e REChRPTEPIOCR: Shines E (Y hre
conpr i grégerttBst 90%g seRiFhed idetity tihith tlabiesst bh€initif ch@bctpr @duget strings for a
particul ar property and determ ning sequence differences responsible for
differences in the particular property using nulti-variate anal ysis. 33.
The conput er4pr ogitemeshadiofodlaiof 1,cvisren e, ongtoe meire ptddect stiingsailf (chhaact er
string i : . . ct of claiml5,
aher o TRE BRI SoREhdt Bty it e ORI UR Pl DA PARAL o (')
represented by the product strings for one or nore desired properties. 53

5 AtUG 2?03 345-. Tm;qlecct@ﬁ@uieepd%mﬁ@am;ua{mlltnlmW%E?mhagne%%% ﬁ}ofﬂnﬁtﬁ code
instructs e nati on of a ut ati opal, redi ct ed praoper or

o eculiies @prabBriaegger el 5P Geiavens iyt ie sbleas e tial gresisr am
pr oductstrirfg. cl ai m 15, wherein the nol ecul es represented by the product
strings are nade in parallel in an array of vessels. 37. The conputer
program product of claim 15, wherein the nol ecul es represented by the
product stri4dgs arhe compuiep prageare pividpciodt adiingldn udiersin thg@se ogdworapredednput er
Pr 0Qr amiiHR @ ey Rivifg Sl han YOS Rliferich RRAHBWLE Blct IBIRGLInBh cHaflRiHat a
structure of product Strings for a particular property and determ nes
sequencBiH f f erences responsible for differences in the particul ar
property using multi-variate analysis. 39. A nethod of identifying

nol ecul es for, proguction, wherein the ecul es.are .represented
concat enat e (f' 73 tr iolﬂ’ﬁsc,o mPRieE PHEFHD R roﬁ%(%:iﬁlw;l'f wherein the ohe of more me‘XCt

strings of (vi) having greater than 95% sequence identity with the at least one initial character

string,

48. A method of identifying molecules for production, wherein the molecules are
represented by concatenated strings, said method comprising:

i) encoding two or more biological molecules into a data structure of initial character
strings to provide a collection of two or more different initial character strings wherein each of
said biological molecules comprises at least about 10 subunits;

ii) selecting at least two substrings from said initial character strings;

iii) concatenating said substrings to form one or more product strings about the same
length as one or more of the initial character strings;

iv) adding the product strings to a data structure to populate a data structure of product
strings;

v) providing an alignment of the product strings; and

vi} selecting one or more product biological molecules for production, wherein the one
or more product biological molecules correspond to one or more of the product strings having

greater than 30% sequence identity with the at least one initial character string.
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i) encoding two or nore related biological nolecules into a data structure
of initial character strings to provide a collection of two or nore
different initial character strings wherein each of said.-biological

nol ecul es conprises at | east about 10 subunits; ii) sel ecriﬁgﬂlﬁ 20Bast two
substrings fromsaid initial character strings; 1iii) concatenating said
substrings tg for . . Stk Y | : t
strings to é@ dat (}KH g%?ﬁ%ﬁﬁ_e {ngl %685&1#%%%?%& gg(t%gmﬁcro%)nc??l g?ge&gf) 31B1§6\8é§€1%1%re

st r i ngamingacid peqyencss iitaisalg chiractapstrings apd vlewsin sid iwmyer thereamino peidst a

pr edef ispadnBRAIMRisOhn aRind dcfl degiente ehcddin @ﬁa{lmﬁp%cwﬁhg ?T%é)t&ﬂar act er
string; and vi) selecting one or nore product biological | ecul es for
production, wherein the one or nore product biol ogical nolecul es

correspond t50. oneTles moibbe oOElainh @8 Pristeia tsaidtifitiaDchatRted siringe davd A 18RVEY%
val ue of sequence identity with at |east one

gr eat erset Q:an ”éfft‘ re ef iC eﬂﬁ
initial®“8t Pf"%](jl. 49 & bd of claim1, wherein the one or nore pr oduct
strings of (vi) have greater than 50% sequence identity with the at | east

one initial ghar ' .4 - ITBf: : ' e or
nore pr oductsq'st r ﬁ?\%gﬁ%ﬁ&{ é/glh)gmﬁla%/gé nggafeéd;%@ Q%ﬁcglfrl\lg%%)? g?:]n \f é‘;r%,‘(g:ggsre?é gﬂ% ?ﬁ;?%\?vi th
the at anesdbstingelromianiigitialdharagter stringspeintat the endsofaed sebgna oceuTfestigg hod
of cl airggidns WSO NtoldbBuOIEHAFacRE B thE ﬁﬂﬁﬁtch&ta&ﬂeﬁgﬁngihaé Hive HRVER sedlichdd er
t han 85% s.equ§ﬂce i denti t}/ .one initial character string.

with the af | east
43. ThedSRUEnEGh dre corgspang &ﬁﬁ%‘PBi"E mﬂﬂéefc?%éalérmlﬁ'ﬁlrﬁlaEﬂCUﬂﬁﬁngéﬁﬂPﬁﬁ%oﬁall Vi)
have geqehes idehidty bH8GHGes elipiencifitiatl elndradtar soiind’. t he at | east one initial
character string. 44. The nmethod of claim 1, wherein the one or nore
product strings of (vi) have greater than 95% sequence identity with the
at | east oné2i ni thhgmethert elclam 48, miherein gd seteatingoniii) comppisegsedartipg oduct  of
claim r&i : i I } ter
Ehan 500 Seutenc T aone L The gt pastibduRd Ry o Bt RORER P,
46. ThEMEBHHHt er program product of claim 15, wherein the one or nore
product strings of (vi) having greater than 75% sequence identity with the

at | east one,initjal er tring. 47. . The conputer program product of

cl ai m15, whdr o mHemeBRL AL WheBheitd sapetiegS T CoRtpr P AR R e

t han 9586rs ofjsrd oBtidldbatkttey stinghtotrhaximizel pparstiseddentity betiwabn thaomober  string.
substrings of the initial character strings, and selecting a character that is a member of an aligned

pair for the end of one of the two or more substrings.

54.  The method of claim 48, wherein said method further comprises randomly

altering one or more characters of said initial or product character strings.

55.  The method of claim 48, wherein the one or more product sirings of (vi) having
greater than 50% sequence identity with the at least one initial character string.

56.  The method of claim 48, wherein the one or more product strings of (vi) having
greater than 75% sequence identity with the at least one initial character string,

57 The method of claim 48, wherein the one or more product strings of (vi) having
greater than 85% sequence identity with the at least one initial character string.

538,  The method of claim 48, wherein the one or more product strings of (vi) having
greater than 90% sequence identity with the at least one initial character string.
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48. A nethod of identifying nol ecules for production, wherein the nolecul es
are represented by concatenated strings, said nethod conprising: i)
encodi ng two or nore biological nolecules into a data structyre of initial
character strings to provide a collection of two or nore Jiyf&U@ﬁmU3nitial
character strings wherein each of said biological nolecules conprises at

oot oot 30, SRR el HA, B 83 B SS9 I AIRE L0

initial character strin nat
or nor ergatedben 96 seangacaidentity it theideast @h@tnﬁlftith@ﬁ@eliﬁ‘tﬂm)r e of the
initial character strings; iv) adding the product strings to a data

structure tggpopul @&ﬁg&eld@—tngaﬁ{ g}éﬂdﬁﬁdﬂ 8ﬁ ﬁ%n@g&g HGlatik eSS eonYari gg LG an

al i gnnment of the product cting one or uct
bi ol ogicod¢ thatl ecul es for production, wherein the one or rmre pr oduct

bi ol ogi cal I d i duct, st
v g Cor edl SRS RS ObPSEnaReise BEees g it chattortt SEU6 G RIOR | o
char acte@lledtohidFewo BBmiore & FkG: HAA3 dlracih iRl WRken! cth 3 BidBiolhenei n sai d

encodi ng conprises encoding two or nore anmino acid sequences into said
char actlmle@ﬂﬁq‘?gsmsmlmw uhtensiburiian or rmre am no acid sequences

conprise an; od| t.ura occurring protein. 50.
The net hod o eas?%%j%s 12 E"(s%ﬁi:%gf’ Sa? ‘@1?53’ g&ys BPESy 1 | ngs have at

| east 30% sa)qum&naﬁe@hdtsubmﬁgs 16 &t @tdtﬂrmoréjarodﬁbesumgsmwup&e garaé M 48,
wherein said selecting in (i |f conprises selecting at | east one substring

fr om adengh s %neq,rngcprg@{fg}e igitial eheract@stringst the ends of said substring occur
instring n gﬂ?hat prdBOM st ds Qo HOHL sa—QctﬁQat(rggﬁ)%p‘ﬁ ate br?lt Lh |t 102! Product

character strin have hi gher sequence e corré spondi ng
r egi on safnganot her of said initial character strings than t he overal |

sequence ide tity between the itial character strings. 52. The met hod
of claimd48Y %@f*hal’s FEHH?EF%%%DH uFit Hings: é"&ﬁpri ses selecting substrings

such t hat th@) Rds ol o'%%;oqle gfbhﬁétrmagglcm%wecmes K gfiﬂfubﬂﬁfi wWHekdid theQnedbout 4
to about 8 characters. .~ The met hod of claim48, wherein said selecting

in (ii mwgmdusé@omoghmn@cumcm%pmw @k og aicde phitheipadducheiringst leavingt r | ngs
to maxim it t two_or substrings of the
it B B Ao sfhengba S BE Rt B il SR 073 Derber of an
aligned pair for the end of one of t he two or nore substrings.
61. The computer program product of claim 60, wherein said computer code encodes
two or more amino acid sequences into said character strings, and wherein said two or more

amino acid sequences comprise an amino acid sequence encoding a naturally occurring protein.

62. The computer program product of claim 60, wherein said initial character strings
have at least 30% sequence identity with each other,

63.  The computer program product of ¢laim 60, wherein said computer code selects
in (ii) at least one substring from an initial character string such that the ends of said substring
occur in string regions of about three to about twenty characters in the initial character string that
have higher sequence identity with a corresponding region of another of said initial character
strings than the overall sequence identity between the two initial character substrings.

64.  The computer program product of claim 60, wherein said computer code selects

in (i) by selecting substrings such that the ends of said substrings occur in predefined motifs of
about 4 to about 8 characters.
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54. The nethod of claim48, wherein said nethod further conprises randomy
altering one or nore characters of said initial or product character
strings. 55. The nmethod of claim48, wherein the one or nore E{)rﬂgugﬁu
strings of (vi) having greater than 50% sequence identity w I’i“ h ét

| east one initial character string. 56. The nethod of claim48, wherein the

one or m)re rod Y/ ter than 75% seque
identity w t t hgﬁl EgtC%Hglg{é?Em%témg?éh%duQﬁaOfl Tag?na(gjt” e?’ere r}?aﬁ(gco%y‘lt%rh% ﬁé@ﬁ%ﬁ of
cl ai m 48 (iliedleningtive osmeore pf sadd mnitinl sharectesstringse nudxithvie)patrandendentigy eat er

t han 8%&@&%‘!@8‘6? niog@ﬂiﬂsﬁﬂlg%f heliti@iaflhat R85 5trRQE dnlistledd ﬁ&{a?zﬁ&rtha? igd ?g 0

58. The net ho wherei.n the one or "nore pro strings of

havi ng MgRRELO me’]iﬁ%‘f?%g@%fg’e'éfﬁéﬂéé ?I%Fe?ﬁth? HraprRoerfEbHtingseast one initi al
character string. 56 5 AUG 2003 59 ~The nethod of claim 48, wherei n t he one

or nore proguct rin than9%se uen entity
with the at Teast Sﬁggwﬁféfpgﬂgr%ﬂ g‘?fcg gWhéﬁm%l 03

pr oductramlendy elberp ohepr meaactzhat@temadf saidinitial Dspmguﬁ@hmcmr stnn@je that: i)
encodes two or nore biological nolecules into initial character strings to

provide a collection of two or nore different initial character strings
wher ei n eacl7of sie@oBPBies gTagam prasiuetef] dimchphicssis thetong eamroreoductt en

subuni ts&ingk of (EPhRehSgrdltet 888 504 Rqidct h&lntlﬁkkbﬁﬁ fHet feabd BRiSBACLHaRRACT er

strings;.ili) concatenates said substrings to formone or nore product
string$ f:l'flgl"rgout the sanme |ength as one or nore of the initial character
strings; iv) adds the product strings to a data structure to popul ate a

dat a struct e ofrpr ri i n nment _of th roduct
strings: andvi) T8 s B Bl R B BTt BSTRg! mBtn bdey
prod uctStrD?rgS Oﬁﬁe kdving greatoniban i75%rmsnecnse adtatity Wit tlmtgit teakt aneligitiel deracter

corresp to one or nore of the product strings having greater than 30%

sequence identity with the at |east one initial character string. 61. The
conput er program product of claim®60, wherein said conputer code encodes

two or nore 68m NahachhpaRe ﬂige;ﬁﬁ toduet Sl Amcdiakdetet thelohk BEmorafiddudier ei n

ancodi R AERGFT Beul hin 5T BoGRe }BRRb A B Redrong foeiebiiebauct o

cl ai m 8@ingwherein said initial character strings have at |east 30%
sequence identity with each other.

70.  The computer program product of claim 60, wherein the one or more product
strings of (vi) having greater than 90% sequence identity with the at least one initial character
string.

71.  The computer program product of claim 60, wherein the one or more product
strings of (vi) having greater than 95% sequence identity with the at Ieast one initial character
string.

72. A method of identifying molecules for production, wherein the molecules are
represented by concatenated strings, said method comprising;

i) encoding two or more naturally occurring biological molecules into a data structure of
initial character strings to provide a collection of two or more different initial character strings
wherein each of said biclogical molecules comprises at least about 10 subunits;

i1) selecting at least two substrings from said initial character strings;

iii) concatenating said substrings to form one or more product strings about the same

length as one or more of the initial character strings;
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63. The conputer program product of claim®60, wherein said conputer code
selects in (ii) at |least one substring froman initial character string
such that the ends of said substring occur in string regions RfALﬁ}?QPﬂ?’
three to about twenty characters in the initial character strihng at =~ have
hi gher sequence identity with a correspondi ng region of another of said
initial charXkadding thenrpduct staings toredaty stregture depermiiate a idaterstriuctyrandfiprediet t he

t wo inisttlih?éﬁ. racter substrings. 64. The conputer program product of claim
60, wherein said conputer code selects in (ii) by selecting substrings

such that thg shatingbnsaidosigrsduct bigtoghet toldchled fedebdwsidn, Whdrkia thé onsdout
4 to about 8 q%hrc}za]g.afterg. I‘-‘;? - 5 AUG 2003 65. The conputer program product
of cl aiYEFOdRTEPeIagi@hMe scrlsh oErsPerble anelos Brage of the produchsfrings kfingg two or
mor e Ofgrgbrcniitd% 3o AR REARY vl $hPYSICAR OB K ZGa0AL Mg [ denti Ly
between two or nore substrings of the initial character stTings, and
selecting a character that is a nenber of an aligned pair for the end of

one of the t0 orpyumy Jarepet : &ymg% roduct of

cl ai m 60, wherein sai %@%mu%ﬁ%%@%‘%%‘ﬁ% r %@%9%%@@?@%\% oM %r e
char act¥Fleicacidsgagencss intepaid chaspeierttinghar act er strings. 67. The conputer
program product of claim 60, wherein the one or nore product strings of

(vi) having . greatgr than 50%.sequence.identity with the at | east one
initial chardcter e&%ﬁ c.’tocé‘gfn%@%%ERIQFHWH&@WW%Wd@ﬂWP&FH%OG@,

wher ei nntihe acd seqenamsistopaiddhatactes stringg and ivheein sdh@wrdgr 196Raingho hélan 75%
sequen i ti i t _one j.nitial echaract.er t.ring. 69. The
comput grqug 9%%335%}1’6‘}@%% El:{n ﬂgof &Ei:{} %eﬁﬁ?%cﬁ ,en%déi}%? He%}lwglygﬁ%urgpg R{ﬂi%mpr oduct

strings of (vi) having greater than 85% sequence identity with the at |east

one initial 7ghar aghehethdl bk Bdim 79; wﬁé}angemﬁﬁﬁgf' c}%\%%%rﬁmrﬁg RICs: 1§afestr %f%;nm

60, wherein the one qr re product strings o aving grea
90% sedtEYEE® ] ’é%i"‘f@"% Stehe at | east one initial character string. 71.
The conputer program product of claim 60, wherein the one or nore product

. . : o . . )

one. 1t al "Snar ApEaren] GG 15 Vher i AE IERRE db st cong adepsy

pr oductoire sybsttng feém at lieitinindheastee strimgeucts thpt the endsasf shig substaiag ecair ¢dlstiihgi ngs,

sai d et hoek BB FloMout 20 characters in the initial character string that have higher sequence
identity with the corresponding region of another of said initial character strings than the overall
sequence identity between the two initial character strings.

77.  The method of claim 72, wherein said selecting in (ii) comprises selecting
substrings such that the ends of said substrings occur in predefined motifs of about 4 to about 8
characters.

78.  The method of claim 72, wherein said selecting in (ii) comprises aligning two or
more of said initial character strings to maximize pairwise identity between two or more
substrings of the initial character strings, and selecting a character that is a member of an aligned
pair for the end of one of the two or more substrings.

79.  The method of claim 72, wherein said method further comprises randomly
altering one or more characters of said initial or product character strings.

80.  The method of claim 72, wherein the one or more product strings of (v) having
greater than 50% sequence identity with the at least one initial character string.
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i) encoding two or nore naturally occurring biological nolecules into a
data structure of initial character strings to provide a collection of two
or nore different initial character strings wherein each of'ébﬂgg 200

bi ol ogi cal nol ecul es conprises at |east about 10 subunits; ii) selecting at
| east two substrings fromsaid initial character strings; iii)

concat enat i sai | r.m. or. nmore npraduct . stri-n about the
same | engt Eﬁas O@gﬁﬁ%ﬁ%?@&%ﬁ %gﬁ}e?ﬁn?ﬁ%ong A grroa]sléirslhhn ;Ofggsn(aﬂngS AUG
2003 i \greaterdtheny’1%h ecqpreodridentsy mithgbe aileast dne witsal chaeeterstting.popul ate a dat a
structure of product strings; and v) selecting one or nore product

bi ol ogi cal npl ecul es for production, wherein the one or nore product

bi ol ogi cal rfgr ec I EdnetBed eSGyRY74: wherran Hie omg 08 more produgisings of §)anEs

havi ng grggteahar 83%asquetle iﬂeﬂuﬁmﬁﬂn thel efehst ¥nMritial charadter dt8ASL one initi al
character string. 73. The nethod of claim 72, wherein said encoding

conpri ses encoding two or nore nucleic acid sequences into said character
strings. 74.83The Tetrhabodbf dbiai T8, Fheraid treaine os aiotde prododi strings ofiv)itreing
encodi gedtingl oR5EqueA A8 AGHHISEOUARER Snl 1w SRMAEAAGRE! er strinds, and
wherei m sard two or re am no aci sequences conprise an~am no acid
sequence encoding a naturally occurring protein. 75. The nethod of claim

72, wherein gyai d THthétAbd S QLALTE Wikhdih REDNBAY SroRd g%oaaatsﬁ%’@of%%%@e
|dent|t% vvl':{ﬂ each other., 76, Th&tgeth]gd of clal mﬂ 2, wherein said

sel ect i SR, ?‘q?E)C%éWPFeS’é@m%IV@ 78t Lgest pRg uYtial SRaragtehYHipgng from an
initial character string such that the ends of said substring occur in

string regigsns of cabiputer probRmPROdhict 48 aCldaipatdr @6alable nidiea dthpdsilg ERFhAGt er
string that have higher sequence identity with the correspondi ng region of
anot hercod¢thgkii d initial character strings than the overall sequence

identity bet; i.0d 1l & : i /. 1Rt claim
79 whet ei n 1bSicpdeafid BPmbft ek i BEARG Lo REICAN BB el i iR iR
t hat t hserirpsds prfvidead ebllscthst ofi tvg or aace diffafenprigdial chivesttarotrides wierdfeath of t o
about 8 cqh%act ers. 78. The nethod of cl ais(]r}}jz wherein said selecting in

(i) p(?ﬁiﬁlr ' gcallrpglﬁf“f'}&? QPSS atripsh algut dogy s i al character strings to
Char act or ot Sy D ol ! e S er of an al | gned
pai r for thdiiprednatenates safl stlstringado Gormmumresorsudrs pradugtsstriz®s abdhethasied of
clal M 12, M hehR & e e MRUNAG Il LhS snfgpr | ses randonty
iv) adds the product strings to a data structure to populate a data structure of product
strings; and |
v) selects one or more product biological molecules for production, wherein the one or
more product biological molecules correspond to one or more of the product strings having

greater than 30% sequence identity with the at least one initial character string.

86.  The computer program product of claim 85, wherein said computer code encodes

by encoding two or more nucleic acid sequences into said character strings.
87.  'The computer program product of claim 85, wherein said computer code encodes
two or more amino acid sequences into said character strings, and wherein said two or more

amino acid sequences comprise an amino acid sequence encoding a naturally occurring protein.

88. The computer program product of claim 85, wherein said initial character strings
have at least 30% sequence identity with each other.

60



altering one or nore characters of said initial or product character
strings. 80. The nethod of claim 72, wherein the one or nore product
strings of (v) having greater than 50% sequence identity w gh ﬂﬁe@ﬁéh | east
one initial character string. 59 ° 5 AUG 2003 81. The n®et hod o{\ I 72,
wherein the one or nore product strings of (v) having greater than 75%
sequence i degat it yrpadohh Fnbtd : i The
et hod of.clai m 73, gmé’?%?r%ﬁ%gﬁ%?%ﬁ?“g?@%%%&ﬁ%?‘ 2 Bimplis e slect,

_ _ havi ng
gr eat eri® (DA% lessbpnesybeiripe fomen initipl gharactensring such thet therrads af saidsubsmeact er

st r i ng.oc8& in Fhimigregibacotfboat thiddd 2boutREl BhirdGeRNE HRSinfHRl haPics¥fingthii NYS

of (v) havin reater.than % sequence | denti ith.the. at .| east one

"hi 1 mPAgh b h SRS facs BRI R RBRT e el of holt O i chBR G or
nor e prstrthgs thastthe ngsaldfeqiencelidetityg betgroem thertwb it aDdfa e watistréndsdent i ty with
the at |least one initial character string. 85. A conputer program product
on a conputer readabl e nedia conprising conputer code that: i) encodes two
or more nat $Pal | YThscemppicngragram otidval ofrptaimcifl, sberein gnid eomputer eodaseletter

st ri ngsn {i)) Uy LUcHBe MRAIdgS ShdhMatGhe ENR FsaillRiBstdhds’ RGN prétickihad mehar ¥t er
strings V\,hgéelag eaég} of “said biological nolecules conprises at |east about
ten sulBAYLAMO 3PV SHAERALS ot | east two initial substrings from said
character strings; iii) concatenates said substrings to formone or nore

roduct stri | engt h .0 or nmore.of the initial
(F:) har gc t e?_ s It9rIT ? ?\ g iﬁ‘g%’?&’gﬁa §%ﬁ8§n Bro ﬁtc(ffaci%lﬁningr%g gvrhf”belrés a&‘if"&“@ﬁ?ﬁf@?ﬁ :Sgle?tﬁ
popul atie(id hyaligningrtwotonmoro bl midthitdl charctengsngstndnaimizelpettviseddentioy ror e
pr oductyeRjeh ogh %9&0?@§1ﬁ5§&:n§§ of Bk iﬁﬁ%ﬁia’c&? strifB€ a5k Relbt ﬂlapicter gﬁﬁfs a
t'o 0 e produc

product biol ogi cal. nmol ecul &s correspon one~gdr nore

st ri ngSPemRAT fhan glhigned prirdasihe spdoLenppiibetwaermerepubitings he at | east one
initial character-string. 86. The conputer program product of claim 85,
wherei n sai¢,co ter code encodes . b codj two or nore nucleic acid
sequences i%tzo sai'd “CHRF EPW@?PF%&%&IO%%m%fQ%@SWHm%‘} CHPRYFLEAdE ARt of
cl ai m 8&mdontie akérm opabdmonghataetercafthiceinitiati esprotivet chiracter eringd. no aci d
sequences into said character strings, and wherein said two or nore am no
aci d sequences conprise an amno acid sequence encoding a naturally
occurring pPdt ei Fhegempiise progry peaduph digplaim §5 viiarsin & ook at mosSprodier ei n
sai d i Rirlng8bf G/)MaRak Breabdr T BaNR& idbARF WithARB 2ABME BESinikA RhihdeM tH

each otper.
string.

94.  The computer program product of claim 85, wherein the one or more product
strings of (v) having greater than 75% sequence identity with the at least one initial character

string.

95.  The computer program product of claim 85, wherein the one or more product
strings of (v) having greater than 85% sequence identity with the at least one initial character
string.

96.  The computer program product of claim 85, wherein the one or more product
strings of (v) having greater than 90% sequence identity with the at least one initial character
string.

97.  The computer program product of claim 85, wherein the one or more product
strings of (v) having greater than 95% sequence identity with the at least one initial character
string,
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60 - 5 AUG 2003 89. The conmputer program product of claim 85, wherein said
conputer code selects in (ii) at |east one substring froman initial

character string such that the ends of said substring occ_:_uB. in string
regi ons of about three to about twenty characters in the in tAllS 286tr act er
string that have hi gher sequence identity with a correspondi ng region of

anot her of 98l d iAnhdethdd of idohéitlify motdctiied @5 pro@ittibhevitereihdhd meRgueNse
identity between the two jnitial character substrings. 90. The conputer

pr ogr afFesatrdtbysonestenatsdetringsn eaid method campsisigt er code selects in (ii) by
selecting s [ﬁ%sn o S Al i - OF i

pr edefi ned lr{rgt% Hds ;{ggﬁ‘%‘g?‘%I%QQ%%@@%@%HQ‘?’QS‘%@Q%@?Egffh“g éé%pr%ljﬁ%}grr

pr ogr arstrpres deiptovale acdodlectidhxf twher eione didfecent arifjaltcharacter stringd whérsin daoh 61 ) by
aligning twy or nore of said.initial character strings to maxim ze pairw se
i dentit ldt%%%@@?]ﬁﬂﬁﬁ?cwe%ﬂﬂgﬁsF poRYe 1@13“'?%5% nitial character strings,
and sel ecting @idhas ACEAT tWd AbsirheR frofE SR il cBitadk: ﬂﬂﬁg@;;pa' r for the end
of one of thé two of nore substrings. 92. The conputer program product of

cl ai m 85, whigy eprrateaptingsaidpsibetrings thefofmranker moreprpdnttystranigsabsutdhesapre nor e
characters of said initpal. or. product character strings. 93. The conputer
prograr%ﬂ@'b%%qe%fm?ﬁgﬂheé%@%\ﬁj@fﬁ%S. S’o.ne or nore product strings of
(v) having gveaddhg tHegRoRVetEREHRNCAA SRTthirk Yo pofulaté BdamtistrheRfd ofpRGddchi ti al

character string. 94. The conputer program product of claim 85, wherein
t he onéU8EShore product strings of (v) having greater than 75% sequence

i d . . > 2 b 95 . The . B
or ogr am pr oddctiapiE on? 8RSl el BRLAC S ropGlibs B meitoad PRRLRLL
(v) havhadntgseaiae; oddan 85% sequence identity with the at | east one initial

he one o 30% ERRiBBGEE o Sert Mgdusiog AN R v ehPRrEHh O st aLEe
i denti toye W kdrd &ﬁnﬁ\ft?ﬁcﬁﬁﬁ%g&@ﬁi&d’ﬂrﬁh&ﬁe&har acter string. 97. The conputer

program product of claim wher'eih the one or nore product strings of
(v) having greater than 95% sequence identity with the at |east one initial

character %br i ngl‘he?&etﬁo«f’ ofaétfjgmz&? %/herein the computationally predicted properties
comprise one or more of a maximum or minimum molecular weight, a maximum or minimum
free energy, a maximum or minimum contact surface with a target molecule or surface, a
specified net charge, a predicted pK, a predicted pl, 2 binding avidity, secondary form, and
tertiary form.

100. The method of claim 98, wherein said encoding comprises encoding two or more
amino acid sequences into said character strings.

101. The method of claim 98, wherein said selecting in (i) comprises aligning two or
more of said initial character strings to maximize pairwise identity between two or more
substrings of the initial character strings, and selecting a character that is a member of an aligned
pair for the end of one of the two or more substrings.

102.  The method of claim 98, wherein said method further comprises randomly
altering one or more characters of said initial or product character strings.

103.  The method of claim 98, wherein the one or more product biological molecules of
(vi) having greater than 50% sequence identity with the at least one initial character string.
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98. A nethod of identifying nolecules for production, wherein the nol ecul es
are represented by concatenated strings, said nethod conprising: i)
encodi ng two or nore biological nolecules into a data structure eéyély b
character strings to provide a collection of two or nore diffe 8031 al
character strings wherein each of said biological nolecules conprises at

| cast about (. Suihdfod b7 duiREeE iRt B €8P ok WoBHABILAG rhgiem ARl

initial character st rlqg doncat enatin of m one
or nor iy having erester thags %aﬁwemmd@&@ewﬂhéhﬂgatﬂeaa*soméﬂ@l ChﬁmCéer@fnrtawe
initial character strl ngs; iv) adding the product strings to a data

or mor o conbat RANIGo e S TR B o B PO Qlet A TRoIRgIes OF

t he dat(ei)&hving preatr t}amcvo% seqhiehe@diiéntigy @ith tiog atiedseod i@1AC thapdoddragHgal
nol ecul es for production on the basis of the one or nore conputationally
predi cted pr.gpertjes of claim98, erein the. .
Bonput at i ondPPy. b EUPRIE:PIRBRLRERGS o sRRpPE FHEbIE Mot raFisine RIS or
m ni nuLadiaeul ar wei ght, a maxi mum or mninum free energy, a maxi mum or
m ni mum cont act surface with a target nolecule or surface, a specified net
charge, a prk@neadsstvkor taomln@lpguceldnplpcuias intoriitieg charratensjringsde pridea f or m
and t m 98, where sah g encodi ng
compr i SoAbdol ot Bt br AR SR TR rRlackt Bl HumeiC e Be S PRl et er

st ri ngsnolddiles cBh@n@ﬁde@hsoiboat&h@u&ﬁuts)Aher ein said selecting in (ii)
conprises aligni ng two or nore of sai d initial character strings to

5

maxi m ze paith vickEts; & dsast e indialwibstrings frgm seish aragiss stinghigs of the initi al
character s ter aI i gned
pair for thtéﬁjeg %eﬁ%%ﬁ%{j?%‘gﬁ%go ggr}ﬁ{n%%ed?ém{gg?ﬁdhasﬁj{i%gggwgé fet hod of
claim Q&gtlvwmrmmnmedfﬁmuiﬁdidl cfharetctmrstrhrgn‘prl ses random y altering one or
nore characters ,of hsal d.ini Eroduct charact strings. 103, The

ot hod of - clieh e e praiet ks 16 reR SRR E R drisgfaknTOF Btes of
(Vi) hawiHs; gr eat er than 50% sequence identity with the at |east one
initial character stri ng. 62 5 AUG 2003 104. The nethod of claim 98,

wher ei n t he vpribtains ensra meredanputationallyi predicted peapgttiss forf the pmd)lcthamgsgn the -
gr eat erda{a@amcmg oaﬁgquence identity with the at |east one initial character
string.

vi) selects one or more product biological molecules for production on the basis of the

one or more computationally predicted properties.

107.  The computer program product of claim 106, wherein the computationally
predicted properties comprise one or more of a maximum or minimum molecular weight, a
maximum or minimum free energy, a maximum or minimum contact surface with a target
molecule or surface, a specified net charge, a predicted pK, a predicted pl, a binding avidity,

secondary form, and tertiary form.

108,  The computer program product of claim 106, wherein the computer code encodes
in (i) by encoding two or more amino acid sequences into said character strings.

109. The computer program product of claim 106, wherein the computer code selects
in (ii) by aligning two or more of said initial character strings to maximize pairwise identity
between two or more substrings of the initial character strings, and selecting a character that is a
member of an aligned pair for the end of one of the two or more substrings.
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105. The nethod of claim 98, wherein the one or nore product biological

nol ecul es of (vi) having greater than 90% sequence identity with the at

| east one initial character string. 106. A conputer program prg% 2 2
conput er readable nmedia conprising conputer code that: i) encodes two or
nore bi ol ogical nolecules into initial character strings to provide a

col | ection ofynt i L i k] r fri i ach
of sai d bi o ooy cal™ conpaetixobEERRbaldor b E05ARER i diifes Y Sl
sel ect gapdomlyaliersiong of plore eliaragtass of saidjinitial onprogdhet chpraetgrsteingst ri ngs; iii)
concatenates said substrings to formone or nore product strings about the
same IengthH S e or nopre of the%d' ni ttj l. cﬁ%ra ter %trings; iv) adds the
product stri 35 t 'O CLOFRULET DFFLUR RFIUEHO ;fgfﬁﬁ’l e WHETEHY the o QErgreatedush oduct
sth ri ngﬁiohﬁc@hﬁdﬁﬂﬂe@@ﬁvﬁmaﬂ?g%rmhmmdwBajulegcepl_ﬁ)aﬁityr@ﬂ the afledst bes for

t he pr : the data structure; and vi) selects one or nore
pr oduc'fi %%)?%é%cg%l%&lr#&pecul es for production on the basis of the one or
nore conputationally predicted properties. 107. The conputer program
product of gjal mﬁ%@on&fﬁﬁﬁa‘i’ mg,ﬁﬁ@&&&@%@é@%‘ terch @dlofiL Sﬂmgfegﬁ‘gﬁ s
conpri se one or nore of a_faxi num or. m ni mum ndl ecul ar wer ght’, maxi mum
or i nitieipgcaldeolentlesgL (VR harsor mieatss than THvaseauera identity Mfrlmg‘éatvlp?ésho%ﬁ t ar get
nol eculigitial cigkiciedGlinga speci fied net charge, a predicted pK, a predicted
pl, a binding avidity, secondary form and tertiary form 108. The

conput er program product of claim106, wherein the conmputer code encodes
in (i) by endddi rithet cummrternppgraanprduatcifdlaan L@ cdseréintthe saé dr aivae deddrict
stringsy; t e r Ml i her.ej

conput o 2B HafectRERY(Eh (R A ARMPE BaH 7P cofist1dky, WRE G A1t pre
char actiitiak¢harastes stringmaxi mi ze pairwise identity between two or nore
substrings of the initial character strings, and selecting a character that
is a nmenber of an aligned pair for the end of one of the two or nore
substrings. 63 5 AUG 2003 110. The conputer program product of clai m 106,
wherein the conputer code further randomy alters one or nore characters
of said initial or product character strings. 111. The conputer program
product of claim 106, wherein the one or nore product biological nolecules
of (vi) having greater than 50% sequence identity with the at |east one
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initial character string. 112. TBeqtbdaputet program product of claim 106,
wherein the one or nore product biological nolecules of (vi) having
greater than 75% sequence identity with the at |east one initial character
string. 113. The conputer program product of claim 106, wherein_the one or
nore product biol ogical nolecules of (vi) having gr eater*Y4¥aT @@%%equence
identity with the at least one initial character string. 64 Seglist.txt 5
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structures for use in evolutionary nodeling. In parttgcular, this invention
provi des met hods of populating a data structure with a plurality of
character strings. The nethods involve encoding two or nore a bi ol ogi cal
nol ecul es iﬁtj cter strings to provide a collection of

5#@, nor e
di fferent ii f‘Pa (E:)?ar acter strings; selecting at |east tm5séﬁgtzﬂb31gs from
the pool of character strings; concatenating the substrings to formone or

o e product SUEAEAR O AT G R0 ChURRES RO BB IN L2
and optronaly repeat ing 4G Ao ENUDSATEAITRISSY oo 0 or oce

strings.

ABSTRACT OF THE DISCL.OSURE

In particular, this invention provides novel methods of populating data
5  structures for use in evolutionary modeling. In particular, this invention provides methods of
populating a data structure with a plurality of character strings. The methods involve
encoding two or more a biological molecules into character strings to provide a collection of
two or more different initial character strings; selecting at least two substrings from the pool
of character Strings; concatenating the substrings to form one or more product strings about
10  the same length as one or more of the initial character strings; adding the product strings to a
collection of strings; and optionally repeating this process using one or more of the product

strings as an initial string in the collection of initial character strings.
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