WO 2009/152336PCT/US2009/047046 Atty. Docket No.: CX1-018W0 METHOD OF SYNTHESIZING
POLYNUCLEOTIDE VARIANTS 1.BACKGROUND [0001] Various techniques of in silico and in vitro
based directed eyolution of protein function have allowed the generation of roteins with novel
properties. %Pe&%?rﬁ% 536cytochrome P450 enzymes have been evolved {0 ﬁ/q;eoao%ﬁt%ftf t;’élgalnst
substrates'naerormatiyfgéodgnized by the naturally occurring enzyme (see, e.g., Landwehr et al.,
2007, Chem Biol 14(3):269-78; Kubo et al., 2006, Chemistry 12(4):1216-20.). Typically, for generating
such new enzymes, a poiymdareorde engodingya refenavce palyppptider suehsas a wild type enzyme, is
subjected to mutagenesis to generate polynucleotides encoding polypeptide variants with changes in
amino acid sequence. Screening of the variants for a desired property, such as an improvement in an
enzyme stability" 8HaeH$8FAGhinst new substrates, allows the identification of the amino acid residues
associatefhodth theichangeiduosepertyldd andever; noiall dembinatinrsmoffihetmutiaiians will be present
in the ponulgtan el SEcernrdALieRlS. fPkeAMA:A ulalah AssaRaier s dgmAL stabilty of an

enzyme may not be found in association with a mutation associated with a change in substrate

specificity?ThRE Bt Fopardith BaLrds TR sote g e Ridhf a4Hidng others, the
parental arimoi@cidzgae (encege heodediy 1he pOlydeiaditid et (Bed¥oR Hutage e Sig)possible selection
against th@hgnmh%tnnm%q i Y&;g%ag%yeﬁn@fgmm%%% ARGINEDIAS M he technique

used for mutagenesis nerases to jntroduce errors) [0002] Because the mutations at

use o
defined aFﬁfﬁS“ﬁER??@ng@% %&ﬁ%ﬁé“b‘y% AN tRrEREd NS a & LREHIENES SSRBiBvide a wealth of
informatigriaholrctiiesrohpdepticd’sebiclogivalactititiesizenvemutatichedvane bdeeemmitaly identified, it

is deSIrab!se%ﬂxep%ﬁa\aeae%l%m@'@@émsm;ﬂgﬁ)m%am% E&Q"yff?é’ﬁ?oiﬂtm‘? alEWﬁ& seligf screened
variants that can be tes :ﬂ gswed %perty In sjlicQ based selection ?ﬁdeflne mutations or
Shiceh G il

sets of mafASHE RISV 8"5’ FRTEP e ratt &3#5?5@*%&3% & ARG tion
combinatipserBortaxangpleormltatibng affe ofi iy subsirete Sdeaifisiy eaﬁteh@mdmmméd with mutations

affecting Qthen&nzYyiif PFPSILRSINGIHAING: e%@i@g@mrﬁe%mxmeﬁgmyeﬁg%m%ﬁ@bﬂéty, and

inhibitor ress nce T call1¥ the a roach to gengrathng these polypept es h novel
1P 288 )nw }amut nassocl Wit e i ub traes iag 1 o
combinations of Mitations s osy edi78 individua Spéecies |e sy ess eac po ynucleotlde

encoding rheuiiigmeAngeneiorhigr san fb@%emﬁéﬁehed%g @he”mtbepenwémemnémwwm esis of the
polynuclegtidgcinnsanebination with @@ﬁﬂﬁ&&t@@%biﬂ%ﬁi@& terbnig ldgﬁns$t1{éfb&ﬁoﬂ%ﬁ) synthesis
technlque(s re lg}lirenyghole gene (;siytﬂthe |su% ea Upgl}ﬁn C'.Se%t' egmianéa %,/9 theS|s of large
numbers of orf%onuclg hde nmers are then used o sy nthesiz ole po Lﬁ: eotide variant
(e.g., via @N*P@Rﬁ?%é@”@féé‘hﬁkﬂf@%ﬁ@ﬁﬁ?ﬁe more oligonucleotide syntheses and result in lower
yields of v; ts having the correct sequence. Cansequently, if the data set of mutations is large, the
cost and é%?@n%%‘f“ %ﬁé‘f‘%ﬁ&nfhaé 4’?1%1%1%%‘% D .ﬁéﬁBﬁ808%%9‘1%ﬁ%ﬁé%%ﬁﬁﬁ&%@@?&%n a large
number ofstousiccombinationssdlth s indéiciivnahd:cospelfeatide’ ntethudsiof generatieg
polynuCleQﬁiﬂ%lﬁmﬁwﬂa&%ﬁmm@%@fﬁ@f&e&ﬁmu&qﬁi%%%aﬁ%%lal@m%éQMMARY 100031 The

present dlsclosure re fateg }rl’netho s of efficien gener atin oI nu Eldgs havm dn‘ferent
mutation o] in the initia et of scre ne antst tca: 2 12ste esired %r elljﬁf
combinations o seqguence C anges eswe amlno acl mu a 10NS) a pared toa

reference!p@wwu'eqwisdeoseq @éﬁﬁ@ﬂth@hﬁem @dse‘ar@sf makddne nrowdecs fzalitsramy 6ftgotpratoleotide

fragments, (ke ﬁmpﬂpsm)sgia&t :h@t‘iﬁoﬁ‘é@ﬁl@ﬁﬁiﬁgsa@}ﬁ(’e@ %ﬁﬁgiﬁﬁ&ﬁﬂ%ﬂ&ﬁh@ ®Bte4d the
polynucleotld%fr ets{)g:n me %%%QQ!&Q t te a% rallt fgselymycdjlgotlde variants each
having aé%?cneé 56t 0 of sequence changes fe%l orwar an‘c)ir rRverse nme?s are used to
introduce ?ﬁ@%@&%ﬁéﬁ%@%ﬁéﬁﬁ@§%§/%ﬁ%@ 1ahrefe?éntféawyﬁm@8méctmmféend thereby
generate @@Mauﬁéea&weérﬁgﬁﬂeéusmghsiﬁir@mwi@eaaﬁe&uﬁa@m@hﬁﬂ@eﬁc Bae;imaaary is designed
to have sufﬁc:eng Qol ! CS]GS% eac %:'m rLSO l9.asse 1b|§1§rtn!.1a ast tw differ(eanlt n&c@ |(§ie variant
sequencesj fns mbodiments, the | raryo po ucleotlélegfera menscontaln embers that have
all of the &éﬁﬁ@ﬂl‘ﬁ?@feﬁ@@rﬁ%mwmﬁé’&@eﬁé@’(@@?ﬁ%@ﬁ@d’hﬁ%ﬂéﬁ%@ €hanges) as
compareddmateitieneansgsiie sachsuchhihahtt sequengepesmidtationgeanberassereiied. In some
embodimgpis, e RANBHEIPAIES Sanbe dgslaner o enceds, ga@spsgh%sp ¥ing.gisfined differences

in amino acid sequence as compare to a reference amino acl
used to synthesize whole polynucleotide variant {e.g., via ION-PCR). These techniques require more

oligonucleotide syntheses and result m lower yields of variants having the correct sequence.



10003al In one aspect, there is provided a method of synthesizing a plurality of polynucleotide
variants each having at least one defined nucleotide difference relative to a single starting reference
polynucleotide sequence, the method comprising:  (a) separately amplifying a single starting
reference polynucleotide template with each of a plurality of pairs of forward and reverse mutagenic
primers, wherein the plurality of pairs of forward and reverse primers comprises the plurality of defined
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of the referenge polynucleotide sequence, wherein the sequence comprises mutations introduced by
the primers; and (d)replicating the plurality of sets of assembled amplicons, thereby synthesizing a
plurality of polygueleatideyvariants, wherein said plurality comprises at least 10 different polynucleotide

variants rein at least 75% of the S luraljt ynue eoti ev ts comprlse the
corroct AN R0 LR T o e S RO T R PR ABIBh S atihg Iarge
Iibrariescbffp@tymd@mﬁd@waﬂ@ﬁh@éqmu&c&imﬂg(deﬁdedremmoudecﬁﬂﬁeaenuegs(ecgnpmrhnes of

10, 50, 100,J200,0r QR MEHRASRARR hAYINGethods FrePaSedd de oPh MRLE, Q@pﬁima@ai&es) with

relatively few (e. gz compared to whole gene synthesis methods), and relatively short (e.g., 35-mer or
less) oliGB8HERD i(fe§%ﬁ%ﬂé¥éﬂ%ﬁ%%i%?%‘@%ﬁ¥&é%@%‘%éB? ’etthf%%ﬁiﬁ%?%@% is surprisingly high
(e.g., at ﬂ;easm%%da E%gn&ﬁ%ceeﬁ%a@érﬁwe)o M%}de;ﬂamﬁ;eaﬁlpe@mﬂe&ed&mﬁﬁeﬂmwf forming
polynucieofides ensodinopolypepidsvariants ca compssiselsaingapluralit. ol dglingd amino
acid resi ferences relative {0 a referénce amino acl sequence; defining overlapping segments

of a polyh‘aé‘i‘ééﬁifé riaeieERESdneg teETsBiyrbts toiid aranglfe radt Bgrbo ericsequence or the

referenc&mm@e@fﬁeﬁmﬂ%ﬁ%ﬁﬁ@aﬁm@Hqgéa@ymgebymﬁrwgrw@rﬁm Faverse primer

binding sequences and Wh r olynucleotide sequenc ifference each of the plurality of
aming oA L AR G T G0 B B ut RN S blying amch

segmentegitintiae desohéonmiadramdsrévdisaprinerynuwdiatan sejoctds doraand arigioth@verse primers
contain the,palyueieatide.secuanceidifferenees.ia.ganerateaiikran: el amplicas, gomprising

members encoding the amino acid residue
compared to a reference sequence such that all sequence permutations can be assembled. In some

embodiments, the polynucleotides can be designed to encode polypeptides having defined differences

in aminoe acid sequence as compared to a reference amino acid sequence.

[0603a] In one aspect, there 1s provided a method of synthesizing a plurality of polynucleotide
variants each having at least one defined nucleotide difference relative to a single starting reference
polynucleotide sequence, the method comprising:

{a) separately amplifying 2 single starting reference polynucleotide template with
each of a plurality of pairs of forward and reverse mutagenic primers, wherein the plurality of
pairs of forward and reverse primers comprises the pluraiity of defined nucleotide differences
and wherein each pair generates an amplicon comprising a sequence capable of binding to an
adjacent overlapping sequence of at least one other amplicon;

(b purifving said amplicons;

{c) separately assembling a plurality of sets of said purified amplicons, wherein each
set comprises amplicons having adjacent overlapping sequences capable of binding to form
the full length of the reference polynucleotide sequence, wherein the sequence comprises

mutations introduced by the primers; and



WO 2009/152336PCT/US2009/047046 Atty. Docket No.: CXI-018VVO differences, wherein the library
comprises members for assembling two or more different amino acid sequence permutations of the
defined amino acid differences; assembling from the library a set of amplicons having complementary
overlapping adjacent regions, wherein the set of amplicons together encode the polypeptide with a
defined amino acid sequence permutation having one or more amino acid residue differences; and
replicating thg set efassemblediamplicensdesynheridalheRalyncleotudsiracading the polypeptide.
[0006] Further described herein are methods of generating the polynucleotide fragment library, where
the methOyHEHPRESEUES YR ERHfRt ¥ %ﬁfffﬂlf@goﬁalﬁ@rlﬁéﬁﬁ%tﬁg%e%?t&ﬁqﬁﬁ(]Joa%if(gegeéﬁuences differing
from a reféyendecéivinaiacislzse quende ddsed’ 6t afplurglitthafddfimedizmino acid residue differences
from theﬁ&{%@%ﬁ&@&%‘&n@éﬂ&ﬁ%%@or@gs&ﬁ&%‘éh permutation; (i) determining a polynucleotide

sequence éncoding the amino acid sequence permutation based on a reference polynucleotide

sequenqen(ii) ideptifyingiaghangesiRplyRucleatidesequaneeienspding an-aming acid residue
difference as compared to a reference aminq.acid sequence,.and determjning the proximijty. of a
earoat BT R T iR res e d o e o o e e M e e
hi the anhfifocacidrsequiancepbimvitatib, ) 8eldclifpaniorevdrdinligbmasivotidh ptienhéving a

sequenag encadiac.ihe aAmRadEid reridus difetsnse end.eprianall. ncluding e gearest neighbor

change in polynucleotide sequence in the same forward oligonucleotide primer if proximate to the first
change M BUIAGRIEEHALLEBITERIES fT I8 RBRIAGIRHE SeXFRRSAGRSH MWF@%@&E@&G@%% or until
the end afithe poly iicle 8fitle 48%eached) and selecting a reverse oligonucleotide primer for amplifying
a polynucleotide fragment with the forward oligonucleotide primers, wherein the reverse primer
optional P ¥t oles tecrbsdisiaiig ieimafvdebieavescrledifRaiédreentodingraramieyidteps iy to (iv) for
eﬁch ch@5&9@;&9@%&;&&9{%@%&@9@@@eeﬁa@@gmﬁ@&ﬁmfa@ua@?f@%@aeﬁ{wwgegﬁﬂfaﬁéhﬁt_fa!I
changes in.the nucleotide sequence are present on oligonucleotide primers; an amplifying
Wit SmcHFLE0 BT AALTE & T ST DS FhSHCHS GEFOs S8 (eI B Boeriapping
ampIicomglhmnﬁgemémper@fmmwtamm@ea@dqee@d}te“ifﬁﬁfmmq[@ﬂ@?e}qﬁmﬂaér aspect, the
present cisglasuj:n ayidess bk af sch B OMAEIIE IOMERIS e ATBlicoRSL Pt assembling
eofi

the polynucleotides. In some embodiments, the plurality of polynucleotide fragments comprises
polynuclRIte i aiinsseenrtrlibernap poacing seeherEiBhe 8 chuRmiristideciffirartsdeing
bounded:yprissed hinding segbiatoesdoidaryarg dt Feueisegurtmers) waeee vf thevplieality of
polynucleolide fraqmenishave mempals.oal eocede. 0 e pUMELANAING sequences. a shegific amino
acid residue difference from a defined plurality of aminoaci residue differences relative 1o a reference
amino a€iff¥eeseriecgrHahabHe plaraniy o sefypitieottRaghorndhe saiandd rsdected
plurality of amino acid residues differences from the defined plurality of amino acid residue differences;
and wherein the plurality of polynucleotide WO 2009/152336PCT/U52009/047046 Atty. Docket No.:
CX1-018WO0 fragment comprises members for assembling two or more different amino acid sequence
permutations of the defined amino acid differences. In some embodiments, the plurality of
polynucleotide fragments comprises members sufficient for assembling all of the possible amino acid
sequence permutations of the selected plurality of amino acid residue differences.

2a



[0008] In another aspect, the present disclosure provides a method of synthesizing a plurality of
polynucleotide variants each having a defined nucleotide difference relative to a reference

polynucleotig seguence, wherein the method comprises: (a) separately myhﬂgf&{&fgrence

polynucleotigl]e femplate with each of a plurality of pairs of forward and revérse primers, wherein he |
plurality gfipairs'of fefwaFicand reverse primers comprises the plurality of defined nucleotide
differences and wherein each pair generates an amplicon comprising a sequence capable of binding
to an adjakenteyerdppinghsaetuencaptiateasbondoothendinplican:: (bysdganate yrassandbling a
plurality of sets O AMRlEANS WHLAI SARH S&5AMRERES. ampiGanshaving:adiacert gverlapping

sequences capable of binding to form the full length of the reference polynucleotide sequence; and (e)
replicating A Bl PN e P EBE 1 485 BFAB R ADRE T S B PR AR R SRS BY
polynuclesiidé: viarjaits: {0008} n drfothemémbaddirnertcthediselosure pmvidesnamethod of
synthesizing a.pltalifefRoVRERRtdR.YRrants RashhavingirAefingdknusleptide difference relative

to a reference polynucleotide sequence, the method comprising: (a) selecting a plurality of defined

nucleotidQomﬁ%§?8T3Wéi’l%pm@’F§?gFence polynueleotide sequence; (b) defining a plurality of
Segments it SR ehcs POIYONEIeAle RRAUPRSC ISR R RACD AATIBNLANPHIARS Aligest one

adjacent segment and is boun y a pair of forward and reverse primer binding seguences, wherein
the forwatee e YEVBTSE piim T EoREH RE it SeaRsErtn e BRI b Faumen hiiciEstide
differenceﬁ'nﬁ&)zﬁ&mbatﬁiyzﬁmiﬁymgrﬁer&fe@mcemtyhyefebﬁdﬁi mnplax@ witldeaitficahecplurality of
pairs of TopyIf andgusla PR MPtRnGACh ARk aimes comprises alast ane of the

plurality of defined nucleotide differences, thereby generating an addressable library of amplicons
each corrSSuBHamy 10 SEGMBACE e SRR PN AT Ol & EEEGe RYEHLEMY % defined
nucleotidecdifferente si(difseparatalye assamblingidcpharatity ofedtsechamipliconsdronm the addressable
library of amplicons, \whsrein sach.sel.compyisgs ameliconscirsRanding (.ayeriarping adjacent
segments that comprise the full length of the reference polynueleotide sequence, ﬁj’f],%d (eg replicating
the pIuraIWWE@@%?’&%%?WW‘?88?1%?%?’(—5‘5?@9%@13%&1 "én&ﬂf‘éﬂﬁjf/cb’fibeof/ UclEbtide variants.
100101 Inmsbmenambodicgents: ghthetmethdids sofesymthdsizing @ipbovalityidf pohynbetewtide variants

disclosed higrein: he MethedssaRdhe:satiedmutwherain ihedefaransenebmnuecicotidgawncodes a
reference polypeptide and each of the. pl ra#g %f po!yn (:Ieoti]det il\Aaria.nts .?ncodes a (Pt?lcypeptide
having at EHEF ShEO LG HeT SRS AR B FRCE T SRR A& BB SaiHTE Rt e Midthods can be
WO 2009/1:52336R © HHISRO0SIBAF48 ALt DdukidyiNoheXdt DI8wio pelitiedcotdabersit it further
Compriﬁ%ﬁ%h&iﬁ%@@&@m&ﬁ@@}%@ﬁ%g ohdhadaluad iiyl&tiHg&lﬁu&l@@@&;ﬁaea%%ﬂﬁ&ﬂgzex#rt%fssion
vector; (ii) trapsforming cells with.the expression vectors; (lii) screening the transformed cells for
activity ofa(‘tnlgsI11 oqﬁ%paéppcf?gé%{%oﬁ@gélga%cﬁ“tﬁgh F%Fy?l’(])l%?é(gﬁﬁ é?/%ﬁié)é%g;%r |{/S5 st}(lﬁraeﬁnnigwartc east one
polypeptideipsicatetk by dredso ) neledtideniaams sAduRidraliictis pisthsiy € BePtéitied out
wherein eagh pelvadk@atids vasianiisassemiad alaknonn:pRsitionendan amayni0Rl] In some
embodimets, ot the methiods,of sYothesizing,a plurally,of pohinclealie ¥aiania fisclosed herein, the
methods can be carmied outwherein sequ%nces of the pluralit of forward and reverse primer

sequencedmiE ity BE Ty ee g P s IuBIEY Sifferéds firhe%bolynucleotide
variant seglugagansepnipared g iherriewbeasearnaad anthdealetmining the proximity of a
nearest-neighbor defined difference in the polynucleotide sequence; (ii) selecting a forward primer
having a é6@i8rcecompriping g fsstidefirednpoiddtidéditfefendepdrmidptigadigissiading any
nearest-ngighbgrdefined difierencerin ihesame darward arimanifnsaxinatadaithe first defined
nucleotide ifferTncg; gji) idetntifglin%a nei<t delfineéj giffrerence.jtg thglg)ol%gléglgc%igl%u\{&{iant sequence
as compaP&d T tHE T fEEREE SEGHRHE R ARY GRTSiting the Proximity of a hearest-neighbor defined
differencecisithelyolymitlebtigecstlepirsrimandrdbe ntifyi hrdae treverd oPthe ol fstiestide variant has
been reaghifia, SeleCHNd A IQYRRSEr PHHAEIDaMIP &-2:56AURACEEHBIY isingnthenedefined nucleotide
difference, and optionally including any nearest-negighbor defined difference in.the. same forward
primer if p‘?g’%ﬁ%asigél%nﬁggaﬁg%g e?%%‘e“& %Cﬁcig%éﬁe%%g%%gé)%naan(g@fcfgﬁlggﬁ%afg{lélgg ?ﬁ? to (iv) for each
defined diffsibnciferatmssgeiivacicotdacveramng egdepreisrsache bt aic adfinéy Hifference are present
on primers, 1 @@ilide samenembodimnests oidheimethadsohsyntbrsikiageaditralitys alopolynucleotide
variants disclo herein, the plurality. of nucleotide yaria ISes. 10, 25, 35, 50, 75,
90, 120, 100 ot g R o B a YR SRS mems of the
methods of synthesizing a plurality of polynucleotide variants disclosed herein, at least one of the
plurality of polynucleotide variants comprises at least 2, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, or even
more defined nucleotide differences relative to theteference polynucleotide sequence. In some
embodiments, two or more, or in some embodiments each of the plurality of polynucleotide variants
comprises at least 1, 2, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, or even more defined nucleotide differences
relative to the reference polynucleotide sequence.



100141 In some embodiments of the methods of synthesizing a plurality of polynucleotide variants
disclosed herein, at least one of the plurality of sets of amplicons comprises at least 3, at least 5, at
least 7, at qué ﬁé)ﬁég(gre different amplicons. In some embodiments, ya-RiMIMBs AN SOome WO
2009/15233 é ? 9/047046 Atty. Docket No.: CX1-018W0 embodiments each of the plurality of
sets of afiplitds toMPli&Es at least 3, at least 5, at least 7, at least 10, or more different amplicons.
[0015] In some embodiments of the methods of synthesizing a plurality of polynucleotide variants
disclosediherein cthetsagtiembdhdorefermhie: potyomucieoddisequencecié saierstIBOBHOTS0 bp, 1000
bp, 1250 £p, 1 RGRAR R SVRNIARIR{ORLE LI sRmERMbad m@@tﬁyqifqmymemqg of synthesizing a

plurality of polynucleotide variants dj clos d here%]mc eupl%lralgi‘:%{ﬁ alrs of forward and reverse

primers cBHABHEEEABE SR REWEF™3Y S‘Flfév{\’/rearss Ffewer, 1 SWer,

ewer, orc?éwer, or even 25 or
fewer. In someatmbotlimeritsictheyptiralifyoipaind whiwiiidrandreverse primers comprises from 6 to
about 200, from 6 to about 150, from 6 to about 100, from 6 to about 50, 6 to about 40, 6 to about 30,

6 to abouI9B8EranasEEPecH To5 AST f@CIBWHVFQWérWPQMFWQWﬁﬁeadﬂ&rggwa‘ﬁd wherein the
lengths ofdhewnliganticieaiides ahevirarn dabotd R01toteb diffbinruclgotides raboute20 to about 40

”UC'eot'Cz.?ém ?c'aea*é ééu%%@%b%&%i au%@ﬁayai@an&@y a%q?mﬁ%%@mgn%fgfeﬁh@ methods of

synthesizing a plurality of polynucleotide variants discl Oﬁ? erein, the average percentage of the

synthesiZS Bl Spdumtichestet o aMarty CORIpHE Wéd(?B?rreec‘ffrgﬁaﬁl@ e 1L R4St about 65%,
75%, 85%iueli5ayadi: nidver§0048]rtncsomaramm bodimrentss theadiscibdeiresproviedisanethods of

synthes'zm&aﬂmlm&agIy&u%pgg%mmammmn Miﬁfat&%@h@a/@amhﬁﬁmgﬁameters

(e.g., number of variants, number of defined ”“C'eou%’fﬁ% ces length oft ﬁ,;refe rence

polynucl eﬁ@éﬂgﬂé}& &\é(tﬁ]&gplﬂﬂ PRSRET 05 g |j§a8? TR 51?8 con: Jarately assem yralt

reve écﬁrlme eng r|me
oligonucleftides, e&nﬁiﬂ@mpememagelmefuﬂ%ngiwpwﬁméetfgm@és?ﬂm@eé@ﬂm@dwfm% In addition
to the ab%?aﬁ%m%m% fisclasure 1@4@& Bf@h@@@f&%@&%ﬁ%ﬂ&hﬂ& libranofnelynteieatige variants
comprisin 2|§’Jgurallty 0 polynucg? é] yarlan}s 0 p})cons s(}/r] y SsmeP 5}0({3{1%'“% to any of the
above mePREBE REEoigY 5 e S HE BB Ba T Eht: %e OB ENrE Brovides ah addressable library of
amplieonsawhierein each member of the library of ampllcons comprises at Ieast one defined nucleotide
difference relative to a reference polynucleotide se%uence and an overlappin aceglt region capable

of bindind 80N meRshep prPRy et Rt AsgieiroPaidast S aHArAMBIEER 1 & Bbthry, and wherein
the pluralifyrefamyliconsaaoraph sevatd e dstodensétfiamffticons dapabtite of birding to form the full

length of the refgr %s%ewéxwgls%%émsg 5‘)§8€@§n§@P@P&H’E&?&Féeﬁh@d%ﬂ%@%@b|e library of

amplicons comprlses members for assemb ling two or more % ent cle?gg%}\é%g%pts

comprising GaHKEF HtiEe Siths "aiRarsh E@?’F@I‘ﬁ?%ﬁ R Fafli SRS

fce [50 nuc fid&%&Uence. In some
embodiménts:bfdhe addressablestifprane of lmmiplicohssghenreferanget ﬁ?@ﬂ/ﬂ%ﬂ:ﬁé@ﬂﬁé safggeince encodes

a referencg PolyRaRIAS andithe Al Ok AMPIEARS GRMRISESE nces, wherein the forward
and/or Teverse primers comprise at least one of the plurality of defined nucleotide differences; (¢}
separately amplifying a reference polynucleotide template with each of a plurality of pairs of forward
and reverse primers, wherein each pair of primers comprises at least one of the plurality of defined
nucleotide differences, thereby gencrating an addressabie library of amplicons each corresponding to
a segment of the reference polynucleotide sequence having a defined nucleotide differences; (d)
separately assembling a plurality of sets of amphicons from the addressable library of amplicons,
wherein each set comprises amplicons corresponding to overlapping adjacent segments that comprise
the full length of the reference polynucleotide sequence; and (e) replicating the plurality of sets of

assembled amplicons, thereby synthesizing a plurality of polynucleotide variants.

[0010] In some embodiments of the methods of synthesizing a plurality of polynucieotide variants
disclosed herein, the methods can be carried out wherein the reference polynucleotide encodes a
reference polypeptide and each of the plurality of polynucleotide variants encodes a pelypeptide

having at least one amine acid sequence difference. In additional embodiments, the methods can be

A



WO 2009/152336PCT/US2009/047046 Atty. Docket No.: CX1-018WO members sufficient for
assembling all of the possible nucleotide differences encoding a selected plurality of amino acid
residue dlff 99%0] Further provided herein are compute' implemgpieg mgsligsdsfor carrying
out various steps ofIt e methods described herein. 3. BRIEF DESCRIPTION OF THE FIGURES
[0021] FIEYPetidiis & 'tdfdard technique for generating polynucleotides encoding defined polypeptide
variants (at left) as compared to the method described herein for using libraries of overlapping
polynucleetitte fragrineritsii ftrtight)rjdB22{he iEpoprovites:a sahdldavbridiow Srhemasdfordgenerating

libraries %ﬁmlﬁmngxp%émﬁ%&&d&Sr@&m&%b@e‘iﬁwﬂ@&sﬁ@&m Qliggauclsetidepamers for
overlapplng segments of a polynucleotide and use oft L nuc eotl es. n PCR reactions to
generate fBIEESBEOSERABHING PORALIEEH ﬂ&%mfireﬁd:ﬁ?gnté) ? %@? HHeslegt Cg\?v%a ié Olz ?ose gels of 96

samples (aufidi& coktrols) edultirg!éronvésdertisling thelovdrapping pelgiioeiptideeipdients and
replicating,the assempbled.ooly onssotide kaghenismie syathesiza thadhelyoueleclids marants encoding

the desired polypeptide variant. Nearly every gel showed a single strong band indicating the expected
length sefidnienwas: presdithc1902di htGods showbeaifloywchiartifor genegratingipohpnecieotides

encoding yariants py vse ofHANY.LbovaHaPRINg RANNIGICRUIIS FRYMAS- of forward and

reverse primer sequences are generated by the steps of: (i) identifying a first defined difference in the
polynucieotide variant sequence as compared to the reference sequence, and determining the
proximity of a nearest-neighbor defined difference in the polynucleotide sequence; (ii) selecting a
forward primer having 2 sequence comprising the first defined nucleotide difference, and optionally
including any nearest-neighbor defined difference in the same forward primer if proximate to the first
defined nucleotide difference; (iii) identifying a next defined difference in the polynucleotide variant
sequence as compared to the reference sequence, and determining the proximity of a nearest-neighbor
defined difference in the polynucleotide sequence, or identifying that the end of the polynucleotide
variant has been reach; (iv) selecting a reverse primer baving a sequence comprising the next defined
nucleotide difference, and optionally including any nearest-neighbor defined difference in the same
forward primer if proximate to the next defined nucleotide difference; and (v) repeating steps (i) 1o
{iv) for cach defined difference in the polynucleotide variant sequence such that all defined difference

are present on primers.

[0012] In some embodiments of the methods of synthesizing a plurality of polynucleotide variants
disclosed herein, the phurality of polynucleotide variants comprises at least 10, 25, 35, 50, 75, 90, 120,

150, 180 or even more different polynucicotide variants.

[0013] In some embodiments of the methods of synthesizing a plurality of polynucleotide variants
disclosed herein, at least one of the plurality of polynucleotide variants comprises at least 2, 3, 6, 9,
12,15, 18, 21, 24, 27, 30, or even more defined nucleotide differences relative to the reference
polynuclectide sequence. In some embodiments, two or more, or in some embodiments each of the
plurality of polynucleotide variants comprises at least 1, 2,3, 6,9, 12, 15, 18, 21, 24, 27, 30, or even

more defined nucleotide differences relative to the reference polynucleotide sequence.

[0014] In some embodiments of the methods of synthesizing a plurality of polynucleotide variants
disclosed herein, at least one of the plurality of sets of amplicons comprises at least 3, at least 5, at

least 7, at least 10, or more different amplicons. In some embodiments, two or more, or in some



[0025] FIG. 5 shows a flowchart for generating a library of oligonucleotide primers for generating a
library of overlapping polynucleotide amplicons for each amino acid sequence permutation. [0026]

FIG. 6 sho ﬂ) {;}Eﬁ of instructions for automated creation and selecgﬁﬁ %(%ﬂ eotide
primers and overlapplng oligonucleotide fragments. 4. DETAILED DESC 'F %27 As used in

this specifiédiittt EnttHe Eppended claims, the singular forms "a", "an" and "the" include plural
referents unless the context clearly indicates otherwise. Thus, for example, reference to "a protein”
includes mdreithanseaeh pfoteiriyaiy réferentantdidacompdemel! kefepsadomofeattast Gre compound.
[0028] Al§Q.the LsERf (0¥ DE. "g&d/or" unless stated otherwise. Similarly, "comprise," "comprises,"
"comprising” "include," "includes," and "including" are interchangeable and not intended to be limiting.

WO 200%/0{52{?3@%?%2@&9{94{7{94&&1&3 bogkekimmg @ XilrAE3YW R I0N2941tds 4aae further
unders’[o%dcr here% CI‘OH gﬂﬁe Tefe cn ef? ut%%{) ldeeglet ufync% Itshzg ]teasmogg HngF glﬂ&jose skilled in

the art woul erstand that In some specific nstances, an embodiment can be alternatively
descrlbed’ﬂjél?’ﬁ) Fﬁ’néﬁ%@d@ ?fo‘ﬁﬁb’t‘i’ﬁéeéssentlally of' or "col sistmg of" [0030] The section headings

used her Hﬁﬁ’rﬁ for organ é?tlonal Wmm t%%dg,%% nat to b apnstfu glas |Imltll’l% the subject matter

describe sed herein, s LR REA TS RO RV RS TBHEWInG rreamings.

disclosed herein, the plurahty of pairs of forward and reverse primers comprises 400 or fewer, 300 or
fewer, 200 or fower, 100 or fewer, 50 or fewer, or even 25 or fewer. In some embodiments, the
plurality of pairs of forward and reverse primers comprises from 6 to about 200, from 6 to about 150,
from 6 to abowut 100, from 6 to about 30, 6 to about 40, 6 to about 30, 6 to about 25, 6 to about 20, 6 to
about 15, or even fewer different oligonucicotides, and wherein the lengths of the oligonucleotides are
from about 20 to about 50 nucleotides, about 20 to about 40 nucleotides, or about 25 to about 35

nucleotides.

[0017] In some embodiments of the methods of synthesizing a pluraiity of polynucleotide variants
disclosed herein, the average percentage of the synthesized plurality of polynucleotide variants

comprising the correct sequence is at least about 65%, 75%, 85%, or %5%, or more.

[0018] In some embodiments, the disclosure provides methods of synthesizing a plurality of
polynucleotide variants wherein any of the above described parameters {e.g., number of variants,
number of defined nucleotide differences, length of the reference polynuclectide sequence, number of
pairs of forward and reverse primers, length of primer oligonucleotides, and/or nercentage of full

length perfect sequences) are combined,

[6019] I addition to the above methods, the disclosure also provides an addressable library of
polynucleotide variants comprising a plurality of polymucleotide variants or amplicons synthesized
according to any of the above methods. Accordingly, in some embodiments the disclosure provides
an addressable library of amplicons, wherein each member of the library of amplicons comprises at
least one defined nucleotide difference relative to a reference polynucleotide sequence and an
overlapping adjacent region capable of binding to the overlapping adjacent region of at least one other
amplicon in the library, and wherein the plurality of amplicons comprise at least one set of amplicons
capable of binding to form the full length of the reference polynucleotide sequence. Insome
embodiments, the addressable library of amplicons comprises members for assembling twe or more
different polynucleotide variants comprising defined nucleotide differences relative to the reference
polynucleotide sequence. In some embodiments of the addressable library of amplicons, the reference

polynucleotide sequence encodes a reference polypeptide and the plurality of amplicons comprises



4.1Definitions [0031]" and "an. lifipcation" as used herein incorporates its common usage and refers to
the use of any suitable amplification methodology for generating or detecting any polynu.cleotide,

recombinantv% 9&%@%5 6expressed, amenable to amplification in vivo or %;E\t{j{ggz%%q?ﬁ%by

polymerase chain reaction (PCR). [0032] "Amnlicon” refers to the produc e amplification reaction
generated'thPatighrthé @%i¥hsion of either or both of a pair of amplification primers. An amplicon may
contain exponenti ally amplified nucleic acids if both primers utilized hybridize to a target sequence.
Alternativeiymamplifansinia ybengénesitedbb pdnddy rmmglificatitiardhe@nenof dhvwe premers utilized does not

hybridize ﬁ%@%%%ﬁ%ﬂ%@&&eﬁ?ﬂé@ﬂ@éﬁ term is used generically herein and does not imply the

presence of exponentially amplified nucleic acids. [0033] "Annealing” or "hybridization" refers to the

base-pairjing2oieiagiions iane-maicieebasapolymealwihmanaihetiRatyeswis Jathe fefiflation of a
doubIe-st{ﬁmdegosdtrHcturee, "y érricprllex structure or a quaternary structure. Annealing or hybridization can

t -
occur via Watson-Cric Htl;ase-palring interactions, but may be mediated by other hydrogen-bonding

interactions, suchrasrpegstaeniass paiting{RE34] "Assembling” refers to bringing together a
q@?élt\énucleotide fragments (e.g., amplicons) under conditions in which complementary

plurality o
é i 13bIy A B TR AN Ao O BRI BB '€ having a double

regions b
stranded hylspichizésd regioranith) everhaags foththectiod-Gomiptdrivenitafy regipiigadcphtrality of

polynucleglidgs sanbeassembled i frrm adarger polynucleotide that encodes a polypeptide of
interest. [0035] "Bridging polynucleotide” refers to a polynucleotide having complementary regions at

the termirjabeeyias spichidked onelpolyiticie stidemcan anaeahioinngctarioinakpegion and another

po'y”UC'egéig&%&ié‘QQS SR8 OfRe L IGIIENA LTSN QLS RHAYIRY RAMRPGICQUdE R
2009/152336PCT/US2009/047046 o . o )
polynucleotide and use of the oligonucleotides in PCR reactions to generate lbraries of overlapping

polynuclectide fragments.

[0023] FIG. 3 shows the agarose gels of 96 samples (and 8 conirols) resulting from assembling the
- overlapping polynucleotide fragments and replicating the assembled polynuclectide fragments to
synthesize the polynucleotide variants encoding the desired polypeptide variant. Nearly every gel

showed = single strong band indicating the expected length sequence was present.

[0024] FIG. 4 shows a flowchart for generating polynucieotides encoding variants by use of library

of overlapping polynucleotide fragments.

[0025]) FIG. 5 shows & flowchart for generating a library of oligonucleotide primers for generating a

library of vverlapping polynucleotide amplicons for each amino acid sequence permutation.

[0026] FIG. 6 shows a flowchart of instructions for automated creation and selection of

oligomacleotide primers and overlapping eligonuckeotide fragments,

4. DETAILED DESCRIPTION

[0027] As used in this specification and the appended claims, the singular forms “a”, “an”™ and “the”
inciude plural referents unless the context clearly indicates otherwise. Thus, for example, reference 1o
“z protein” includes more than one protein, and reference to “‘a compound” refers to more than one

compound.

[0028] Also, the use of “or” means “and/or” unless stated otherwise. Similarly, “comprise,”

"L LL R LT 54

“comprises,” “comprising” “include,” “includes,” and “inclading”™ are interchangeable and not

intended to be limiting,



Atty. Docket No.: CX1-018WO0 [0036] "Coding sequence" refers to that portion of a nucleic acid (e.g., a
gene) that encodes an amino acid sequence of a protein. [0037] "Codon optimized" refers to changes
in the codon‘% 8f tertl)e[ [{%%I’ Qucleotide encoding a protein to those preferentig(l% f%g%d 9i/rg)4<3_1’(B(<;;1rticuIar
organism such that thé ahcoded protein is efficiently expressed in the orgahism of interest. Although
the genetiescbds! iy dégentrate in that most amino acids are represented by several codons, called
"synonyms" or "synonymous" codons, it is well known that codon usage by particular organisms is
nonrandofpianpibiasad tovsrdsderrticiin: codanittipipisnslitiscotomusagrbiassnry.ae higher in
reference.(0,a given.gene, genes atcommen funclion graneesiral.origin, highly gxpressed proteins
versus low coBy number proteins, and the aggregate protein copﬁ%g regions ofan organism's genome.
[0038] "CetHisiémahtanpe rafaratits thecHyibRd PatoANSrI8a SECpUTing Befiebnoh et tidied 8r nucleic
acids, sugft’as, for instance, between the two strands of a double stranded DNA molecule or between
an oligonucleotide primer and a primer binding site on a single stranded polynucleotide to be
sequenced®GhiisifedorOomiplemied faygin ot éotideasizrbomé peraiiys @bnddngor AcantsWikdor C and G.
Two singlg strandes RNAOnRNAIMeIRUIRS ke saidnionbe.subsiantialiv.complemenarmvhen a
polynucleg}t}ﬁe.&@l}}l}@ ar I%NA) strand will hybridize under selective hybridization conditions to its
complemen ‘.)‘ﬁ“yﬁi(:aﬁn, Selective hybridization will occur when there is at least about 65%
complementary gver a;stigigh,of at least 14 to 25 nucleotides, preferably at least about 75%, more
preferably at least about 90% complementary. See, e.g., M. Kanehisa, 1984, Nucleic Acids Res.
12:203, in@8rratmaiensiP by rrBREREY @O R SRMERTAR R S USRS R8T 't the
complemértasy Sequancblisspbitaritiaty iddnlica foradentiogldoithe theyarsesbanletiment of all or a
portion of a.teferancs palynHclestide seauanes oL ibaESRtH NUaleolige in,0ngsitapd is able to form a
base-pair with a nucleotide, or analog thereof in the opposite strand. [0039] "Conseérvative amino acid
substitutid®Y™ eRsP t8¥R &SR aigeability of residues having similar side chains, and thus typically
involves ssyiulion. pldbe aminoacid i povReRide WD AMING Aelds WIKLIA fie same or similar

defined class of amino acids. By way of example and not limitatior1, an amino acid with an aliphatic
side chairPHfa5i B StibstitRahoith R o rarnaisREtRPERTHD ARigmRligon AN mBtaafRerfatitine,
isqleugine;na;niﬁmeﬁhigmhaﬁisafbaﬁnﬂﬁﬁlagidtmm hydmxyksﬂama@qd&&_]bsﬂéu@drmmh anqthe_r aminq
acid with gl Se halhs 0 et e ARAMISPOIDS: AR AMIDC Afids hRdnd emplc side chains

_ Is substituted with anothér amino acid having an aromatic side chain, e.g., phenylalanine, tyrosine,
tryptophatf, Hh§BR BRI EN Qb e Rithcd Fasit diu8EHam < sttt Wit sfisther amino acid
with a basispsictetielhaimeifipd lysine sargyinine, and histidine; an amino acid with an acidic side chain is
substituted with another amino acid with an acidic side chain, WO 2009/152336PCT/US2009/047046
Atty. DocK&P " AnnepipgByy Dby dizéinartefaeid B St asirrafiona Hyarprhspieser hydrophilic
amino acigbisheplagesonith ianothers hy drophehicrosrhydrophilienaraina-aciel, 4 espectinetyr{6040]
“Control sequience, (elerso apauelfolids seqenceped to-Rligelihacuaragsion of coding and
non-coding sequences to whic t%ey are associated. The nature o? such contro sequences differs
dependindriiFsHotie oSO A HdATOSHRST Sedusiciadaniramy irutie sioirer fibdsomal binding

site, and tpaimiagription termination sequence. The term

[0034] “Assembling” refers to bringing together a plurality of polynucleotide fragments (¢.g.,
amplicons} under conditions in which complementary regions between polynucleotides can anneal to
form a hybridization complex, e.g., having a double stranded hybridized region with overhangs for the
non-complementary regions. A plurality of polynucleotides can be assembled to form a farger

polynucleotide that encodes a polypeptide of interest.

[0035] “Bridging polynucleotide” refers to a polynucleotide having complementary regions at the
terminal regions such that one polynucleotide can anneal to one terminal region and another

polynucleotide can anneal 1o the other terminal region of the bridging polynucleotide.



"control sequences” is intended to include components whose presence can influence expression, and
.can also include additional components whose presence is advantageous, for example, leader
sequences %[)8 ;lej%lrcirg g)artner sequences. [0041] "Defined difference" as gg&%&gge}&;g‘&he context of
a mutations to a po ynucf’eotide or polypeptide sequence refers to an a priori specified, selected,
and/or desiredthan e to°tfte sequence (e.g., a nucleotide change from c to g hi a selected position of
a polynucleotide sequence that results in a different amino acid at a desired position of the encoded
polypeptige)3§)O0dadinD eletipnewithd espach Ifieh polyReplike arn pelynslo alidenwtersiothe, removal of
one or mare,amino acids or. nucleotides from the reference polypeptide or polynucleotide, respectively.

. acid sequence 6t a Ipmtem. . . . . ,
Deletions can comprise removal of | or more amino acids or nucleotides, 2 or more amino acids or

nucleotideggBrpr QL MHRL GICEAY QURIERLAE Sh 2 MoRQYE RPN REIGFE M I § @OUAO acids or
nucleotides, 10 or gmre{-, a@ﬂr}o acids or r\lalclecgtides, 1o rgore‘am(ilno acids or. nucleotides, or 20 or
more amilfo SdE ST AUIEOHELE TRFT 1 a0A 8 IHE t8ta I PNb ST SF AR AL GE 8 Micleotides, or up
10 20% of=threstodah theratsenish ahtiriacaci ddlmualytie stitte spdkintpem it refbremes puiypeptide or
polynuclegligie:Dejtionscanbe diteatad tartheterakpertignssadiar teaxinal perions of the
polypeptiﬂe or |C%%L}/nLg:leostidéa{j In ayari(‘()?us rembodigngnt% E[me gleé%tljgn can ¢ ngEise]aa c%ntinuous
segment or can be ¢ |50€o‘ﬁﬁ%u87L%.rT6 ?ﬁf etero oﬁ%u% “When Uused with reference 16 a nucleic acid
or polypeptids.irdieardenthanza Mahsneehisba corpisrisestaicisPeste sulssebtiontesiWiieh are not
found in the.sasnaraiationsnip dorrack plhehas-RAalbofouns e Pajie, Bidsmtegembisantly
engineered0§o thaﬁL its level o;&gﬁ( ression, or(ﬁ)@/sical relationship to other nucleic acids or other

EOTCIN COQImE rOglons O TZANISI S ZCNG . . .
moleculed’in a ce , or S%ructure, iShot norma y found in nature. For instance, a heterologous nucleic

acid is tﬁqmﬁm F%Qjﬁﬁ@ﬁtﬁ@’ﬁé%?ﬁe Ravipgatwe é?%@@fﬁéﬁr@ﬂve%c E@?ﬂ&éﬂd&@ﬁé@ﬂe)&ep;s
arranged in.a manner nat found in nature; e.g., a nucleic acid open reading frame of the
vontion BIBARLR, AOBERES A B SHABIGE SEHTaMELh R BH0 T By ST B e . a
vector. WO2009KiS2E86POTAUS2009/0 411704 61k 1y 2DoeketrNded@X 0L BWIO[B044] "Insertion” or
"Ad:iitiqg'gé@&@ﬁgeaa&@%@g@ i@@ﬂ@&@@i@g&[@@%@%@ﬂyﬁ@@&ﬂ?y@m aglditiop: of fpe Or: mOfre
nucleoti amino acid residues, ectively, as co red to a.reference sequence, such as for
exemple, G e e R e ) R TR e e e g SRS Rt rhgeneous
polypeptidelysrchytiisiRacids. A M rapds dd poded wisnenspiaishwhitrrhreivecadBisggieo lolypeptide or
nucleic acighgeamanceyfaubisexiantyiianols-sinenyMasvtns ieRafelaitcSequence differences
between lirary members,are iespansible [or.he diversitpresent i e [brary, The prary may take
the form of & S|mplfe mixture of poﬂ/peptl es Orntdeic acids, or m}éy bé in the Form organisms or cells,
for exampiefseblsablctirabes S8 maItrsAt cSlts. drvd Yhdirehitrahstoristriwittids Rseary of nucleic
acids. [0046} (i} er-spiseMaiive IsuRstitutio "' UefplsimtGubstitytion abam anise acicia the polypeptide
with an aming agid i sianllicaniy flaring.sids Shain RLaRefics, Nen:capssvely e systiutions
may use amino acids be?ween, rather than within, the defined groups and & ?ects ?a the structure of
the peptid®HAL LS HEHT Wi rdachrtive SapeRAIoR{E26" PFAMETHr GIyeitas hIR&dRERde or
hydrophobisityadre) theckotidofihasiderchaiin By vpaysod @example and not limitation, an exemplary
non-conservative substitution can be an acidic amino acid substituted with a basic or aliphatic amino
acid; an al¥HaaticCansimenticidrainb atitd subbivitioas Srpfl ta thirfotaehdn geabl zbtyfd rsidhdlidamino acid
substitutedwvith spibyelianhebic.ara lﬂci.ﬁ‘volves substitution of the amino acid in the polypeptide with

aming acids within the same or simitar defined class of amino acids. By way of example and not

limitation, an amino acid with an aliphatic side chain may be substiiuted with another aliphatic amino
acid, e.g., alanine, valine, leucine, isoleucine, and methionine; an amino acid with hydroxyl side chain
is substituted with another amine acid with a hydroxyl side chain, e.g., serine and threonine; an amino
acids having aromatic side chains is substituted with another amino acid having an aromatic side

~ chain, e.g., phenylalanine, tyrosine, tryptophan, and histidine; an amino acid with a basic side chain is
substituted with another amino acid with a basis side chain, e.g., lysine, arginine, and histidine; an

amino acid with an acidic side chain is substituted with another amino acid with an acidic side chain,



[00471 "Naturally-occurring” or "wild-type" refers to the form found in nature. For example, a naturally
conning or wild-type polypeptide or polynucleotide sequence is a sequence present in an organism
that can be % a source in nature and which has not been inte t!gng!l d by human
mzatnipulatlofk?%l %’i ]{g?\%c]eobase "base" refers to those naturally occ%rrlng and/ s%’éf etic
heterocycli mgietie s EoHitionly known to those who utilize nucleic acid or polynucleotide technology
or utilize polyamide or peptide nucleic acid technology to thereby generate polymers that can hybridize
to polynuelgotigesiirddsegliente-wpe eificarmahagotiNan Hirditisidglie xamplesdof syitableviticleobases
include: %%m&%%&%&%’ogm%gﬁhmagmﬁf?&ﬂe&&ﬁ pynyl-uracil, 2-thio-5-propynyl-uracil,

5-methylcytosine, pseudoisocytosine, 2-thiouracil and 2-thiothymine, 2-aminopurine,

N9-(2-amjpe46tchigrepnuEnelcdN A2, 61'@Wﬁiﬁ&dﬂ&@edﬂyﬂ@@mhﬁﬁf&ﬂ%%@ﬂ%ﬁ@n@ﬂamne)
N9-(7- deaz% 8-aza- uan(ine) and N8tg7 hq(% aza-8-aza- ade ing). Ot er |m|t| %exam les of

-COQ 13k UCTICCS NCY arg ass0C1ate © Na

suitable nucleobases include those nucleobases ilustrate |gures % andﬁﬁ q)%qf Biichardt et al.
(WO 92/26%er rwdnogrontodysiocsor N Me@ﬁaww&wmﬁr@w oS tsier 8w RYo or more
nucleobaseﬁiﬂgaiwaaecﬁmmﬁ}&@btyﬁiﬁiﬁgesa{ﬁeh@emmﬁhe; resultant nucleobase polymer or oligomer
to hybndlz leqti V|n mentary nucl bas u ucleobase polymers
or ohgome%s mclﬁg%rgja%t é%ggr\lld zog‘s‘i’ &%%336? Cﬂ%:elll:E @8%6397%47021%15%6 E();eoc msl\lglo ?:%fl 018WO0
not limitedbapbigued iRl ImB s (Ehgse DRI TAKPASERn BV ahEPtidaers), poly- and
oligonucleejidecanalogsianpepadysgnshaligonucleotide mimics, such as polyamide or peptide nucleic
acids. Nucleobase polymers or oligomers can vary in size from a few nucleobases, from 2 to 40
nucleoba$®¥ kb Smfiaed Idimenest aiuetd bbb, ths severatthousanes ruekbbasistidy more. [0050]

"Operably.dpkedidcatarzia afunational relatignship hetwaen-we QLmRenueisinacig (a.g., DNA)
segments In somewr%c%lgneegts it refers to thei{unc Jona% reI tlorclf?hl of a trans1:ﬁ£|tpt|onal regulatory
r

¢ i a selected position o UCie0t SEUENRCE
sequence tga transc quence F’OI’ examp a promo ’(FBI 3eb T]O IS opergh \ linked to a

coding sé@i@ehﬁefemﬁfﬁsﬂ‘a%élé%‘laéi@@fl?ﬁé’ﬁﬁ%ﬁl?ﬂ?ﬁ?dm%ﬁﬁm@%tes or modulates the transcription

of the cod@}? ?f uence in an appropriate host cell or other ex ‘{pressmn system. Generally, promoter
transcriptfoNa y CAYTERTELYS R S P I ke fod ?F%\Wéé?lbeé’&%“’é(%%’i‘f}c% are physically
contiguousds thentrasideribedlseguehics, tiltemﬁﬂeymelmeﬁa@ﬁmngow@vedﬁseme?tmhscr|ptlonal

regulatormeqy@&ﬁ%awﬁtb aBINREerS A atRoL e RRYSIEA SONtioMoNs ALI9sated.in close
proximity to heé éig uences hose }ran cn?tlon thefy enhani e, In some emboglments

regulatory SegtieRt L Trafisiation r%l TES ISt RS MRS S SOUG<BYnR AR $p051]

"Overlappivgcréigion! refargtarairegich %‘fneoflﬁfeticimlyﬁ welsotiderhatdd complisatidatamy2ova second

polynuclegige.iwesa dhe aveslaaRing e givnsake @%Dﬁﬁlﬂ;&%@ﬁlﬂ%%@&@r&ﬁ@ﬁ&ﬂ@f&ﬂﬂpfm a

hybridizatlo /orrgl?ﬂe th‘? egallé/ the flrstﬁfolynu leotide %(nd the second nuclegtlde will partially
a

MO actds OF nuCieotides m rn%rﬂ: the ¢ CI’GH < p 63 {
overlap SUC nuc €0 I €S will nave non-com ary regionst 0 not anneal

between Mﬂ%%é% Q_ﬁl@@@i@;@gp be directed to the internal pomons and/or tcnnmai portions of the
polypeptide or polyaucleotide. In various embodiments, the deletion can comprise a continuous

segment or can be discontinuous.

[0043] “Heterologous™ when used with reference to a nucleic acid or polypeptide, indicates that a
sequence that comprises two or moere subsequences wiich are not found in the same relationship 1o
each other as normally found in nature, or is recombinantly engineered so that its level of expression,
or physical relationship to other nucleic acids or other molecules in a cell, or structure, is not normaily
found in natare. For instance, a heterologous nucleic acid is typically recombinantly produced,
having two or more sequences from unrelated genes arranged in a manner not found in nature; e.g., a
nucleic acid open reading frame (ORF) of the invention operatively linked to a promoter sequence

mserted inte an expression cassette, e.g., a vector,

-10-



[0052] "Permutations” refers to the arrangement of elements (e.g., substitution mutations) from a given
finite set. In the context of the descriptions herein for polypeptides and polynucleotides, differences in
amino acid rgal%tl}%%gzr Qg.lcleoude residues from a reference sequence, t¥E'f/%J§¥9‘B%5%J§“Z€d as
"mutations”, can be arranged in various combinations in the sequence to form a permutation of the
mutation SEt>PEHUATYA% include single mutations as well every combination of mutations possible
from the defined set. [0053] "Polvnucleotides” or "Oligonucleotides” refer to nucleobase polymers or
oligomersdgsahichrdhpnucleohases afercanneated By sugasidhosphiatextinlkagesdsugae-phosphate
packbone) fsniariRoly: anskllaonclsaridas inelude-oglumers of a-ienuiibguuraaides (DNA)

and polymers of ribonucleotides (RNA). A polynucleotide may be composed entirely of
ribonueletEHESE e o Fepbxs B ﬁﬂ&éo‘ﬂﬁé&cor comblnatlons thereof. [0054] "Polynucleotide" or

"Oligonu 4{ e nalo,g efers to, cleo ol mers or oli ers which tpe nuglegbases are
rarv 1’*3 GI‘S G g, a Lll‘d it 61‘0 CHed 0 Fgeg 14es or 31 act
connecte ha e Backbohe co prising che or more Sugar p osp ate analogs Typical

sugar ph@éﬁﬁhté@@ﬁfé@%%’@ﬁ]ﬁ@%%ﬁ%@lh‘&4|Fﬁ1§éd’féﬂ§@§j@tr opffeyleic acid sequence. To this
2009115%3@%3’@1515%@9&%8@4@1ﬁt%p@%|@t Blanichos LiGLIWO rlicyp ﬁiﬁﬁp}hﬁﬂﬁtess Aadgar
phosphoramrcltlrt]%%d %o%ardav %%z%rp%lérpﬁt{% %%%Ikylghgﬁghotrlest%k? SUgar %hao rgltlhrt%tes sugar

phosphoroc})ﬂtloates sugar ates an su ar phosp hate ana 0gs in which the sugar is other than
2'-deoxyrioelysptitisse Hitictikse PP drd R UMy saRitven (hiarfe aremgsbatisifdyl interlinkages
such as thasedesetibedbinnt LSs PatantiNg 16:043:k35and sy Batestdais 696,253 (see also,
Dagani 1995, Chem. Eng. News 4-5:1153; Dempey et al., 1995, J Am Chem Soc 117:6140-6141).
Such poslfféf} thengensemativesubstititighichithdostiaiisiodeoribosaddrehete et ideas™DNGs, "
whereas thasg:in mbichibRsHgansReRe ade Jefareddaias \BNGapecficalvisiuagd within the

definition of pol nucleptide analogs ar ed nucleic aci see, Elayadi et al.,
2002, Blocsnemé amgi%gﬁ@ . st‘r‘i‘ié‘.!‘r’f%t aﬁ %@%grﬂlfg ﬁe?ﬁ Sta Ltl\le § liiggﬁ%g Koshkin etal.,
1998, Teﬂraﬁeﬁﬂtﬁqlqut%@%iﬂ@%bfwmfﬁ dirolgggr BY@@‘F‘@Q?%@“EPM@G&EMI Chemistry Letters
8:2219-222&09iogbianet Wengelikl998, <abeninCemmei i &&Mﬁ%&ﬂm}@%%ﬁw&@
021288 1on anc M. QR ARLE0: 81 of WPIGNAR IncomelReR ASIEIN AY (LG RGi o treties).
[0055]" Prrmers fefer to |gonucleot|(§es havrn g sequence complementary to atarget sequence,
generally 1éfe Aretamais animed itling Sedhenas PREe shibeiha RrargPpoRBAs & Brimer can be any
length thaj.suppedtsigperilicpind;statie bylridization between the primer and the target sequence
under the reaction conditions. The primers can be about 5 to 60 nucleotides long, about 10 to 35
nucleotidé8MAg Naturalhy tsecfrming”an (wRddamic odéars 10thE Ko fagd junapse.1BorkEramgiedD, and/or 20
nucleotidegeng. o@t%n%ral!ywnanges%t%tgrw&atmy%e@tm@J@@@a@t@a@@w& plespREMING extension
by the polglmeras v¥he the Clr'y er is annealed to the ar% tl%e uence. m’f“cn Ollrg atlo(rﬁlépnmer refers to
an ollgonu abtide ﬁncreﬁered%oe or %nrha fcation of a arg“e AUCTRIC adi seq uence., 'Forward
primer" amd hrenversenprivaesn.refer to a set of amplification primers, where one primer anneals to the 3'
end of the target (template, strand) while the other primer anneals to the 3' end of the complementary

target strafAg) ZPHSIISRAS it HiSe e TS P DIYR IR e HErRRsRd HENRUL EbTRE G BBHES rom a
defined basertendy kadirstniicle otideiivtatich toid sasdnddefide tbaskLe @ yidisecdrdnniscleotide

mutation) orgéastge%ﬂréta@ttaﬁgmg M@émﬁarthﬁﬂ%%m%@m um singigmaliganucleotide
primer used for amplificatjon purposes torwaﬂdH eve % %é} E%% saln sdome embodiments,
the term "PBrosaAaRE* T8 GE e PrATAE W?fh %&‘t&? AP BIRTR I TR S0 HE SR

T Sorfie efmbodiments, two
mutationscg@niize goroxirmtievibtheyalé -sapanatadaby 1, t120§ RoBHmel-@adid Sapsthvicesing, 20, or 25
nucleotide,dases,an6k AL Withinthe. R imeldi.same-emhgdine is. thesmsatignaiihadutations with
respect to the 3' end oft rimer is s @w it an oli onu% anpealed to a.tem strand can
B

deaza-%-aza- adenme) Other non-limiting examples of suitable nuclecbases include those nmacleobases

illustrated in Figures 2(A) and 2(B) of Buchardt et al. (WO 92/20702 or W0 927207403 ).

[0049] “Nucleobase Polviner” or “Qligomer” refers to two or more nucleobases that are connected by
linkages that permit the resultant nucleobase polymer or oligomer to hybridize to a polynucleotide

having a complementary nucleobase sequence. Nucleobase polymers or oligomers include, but are
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WO 2009/152336PCT/US2009/047046 Atty. Docket No.: CX1-018WO0 [0058] "Protein" "polypeptide,"”
"oligopeptide," and "peptide" are used interchangeably to denote a polymer of at least two amino acids
covalently ”{i}i?gn@h%?smid,e bond, regardless of length or post-translatigrpyagifigasien (e.9.,
glycosylation, phosphorylation, lipidation, myristilation, ubiquitination, etc.). Included within this
definition"dré e 8hd H-4Mio acids, and mixtures of D- and L-amino acids. [0059] "Recombinant"
when used with reference to, e.g., a cell, nucleic acid, polypeptide, expression cassette or vector,
refers to aomiatériblo ook reateliatooirediss in PR thed Ratdr aPomestive ierrsitnohratedial, that has
beehn modifigd oy she: iﬁﬁ%‘éy%@ﬁbgf %a%ggm@ai%ﬁgg ﬁiﬁ@i@;ﬁti@ﬁiﬂis@ﬂrl]@ﬂﬁam papiiasnbylgiecombi tr)lant
techniques, or js identical thereto but produced or derived from synthetic materials using recombinant
techniqué‘gdﬁoﬁ%&gor%apsfe?oﬁgfzng%Blir?lgﬁ CRNS express genes t aetwa?gc}rﬁzgt??%eﬁ%%\%?%&iﬁ}nﬁe native
(non-reconbinkast.feorpaveratiandedf (hus cobaeigbnistia  eleiend derdoyhsrdxPrdsinative genes that are
otherwise e>§)rQ§sed at a different level, typically, u\nder,—eéagressed or not expresse t all. [0060]
"Referend®d Qhu%?%wtdeée’déﬁﬁéﬂl@%ﬁlerﬁ%? SUR AR PR TP Y S EG e Sifiparison. A
referencerdetjuepsenmaln bene substhofta loxges sebebmnctoforeramlie, o segwsantofh Mil-length
gene or pelypeRtideseAvense.Seneial . AdefereneamsRINERER IS aldmratiRwsigatida,or amino
acid residues in length, at least 25 residues in Ieﬁ%@c at Ieagt 50fr.(tasgidu?§ inolrenrll(%rﬂ ar B{ﬂee full length of
the nucleff 5 SrpSRSAIS S SHSR & VB p By MR SHEE BF Polypeptides may &ach (1) Comprise a
sequencerfheiigtiporfidr ofdihe compleie sagomnoel tat ¢s!samiBeTsErveT tréltvo &@§iidices, and (2)
may further,¢emRAsSS.aeeaienst.ihatisdiveigenthRalvest thedivo seguensesgequence
compariso}rlls,bp}ween two orﬁm%re% Q.g%nucleotid{aes r polypeptides are typically performed by
comparing SEE OB R E (R BB I SSHESS 6F 'poﬁypeptlﬁes over a "comparison window" to
identify amrdnsoinpere fesadtragionsustssetiencahaneilaMsEd 0UGT PhReEIYAMBEIRRS86%Shying of a
target p|<|3|MM6>J|@9HQ§1§@%M%%Edﬁgsﬁéqﬁaﬁﬁii@@ﬁ&Vﬁs%ﬁ;ﬁwmm@:‘Bﬂmmﬁiy mwefeaﬁmmmécleotide.
Generally, replicating is done b rerases that co template pa otide to synthesize a
polymicleﬁ%%tﬂ%ﬁ@’gn?g\}se?s%}%g%% Sment gf%%?%%@%@l@ﬁ%l%o%i?jég&s%é%ence. [0062] "Segment”

refers (o gag e@%ﬁ%ﬁ%@@%ﬁ%@t@al@g&% RAlvnvslegtide spAURRG HRIRIGAY Rolynucleotide
sequence can be divided into a plurality of segments, \‘/vheretl)p the Cog‘lblnatlgcr}]l gfhﬂi}%%g%]ments
compriseSSBHA BRSBTS Ge P PORMITESEHINE Y8 GHRRE U063 PaNventide variant or
polypeptidetaidziogh asnged heneiniyefer S0 paiypaptide snwitichicasadaumpriswddsielsegment having
functional agtivity, aith Qr.without eientionlanyinpiaved ProRaE-aehas wehptantial identity to a

ortion of a reference polypeptide. In sgme embodiments,
P anneal i)ewreenr{)he¥\80 golynucllm% es.

[0052] “Permutations” refers to the arrangement of elements (e.g., substitution mutations) from a
given finite set. In the context of the descriptions herein for polypeptides and polynucleotides,
differences in amino acid residues or nucleotide residues from a reference sequence, typically
characterized as “mutations”, can be arranged in various combinations in the sequence to form a
permutation of the mutation set. Permutations include single mutations as well every combination of

mutations possible from the defined set.

[0053] “Polynucleotides” or “Oligonucleotides” refer to nucleobase polymers or oligomers in which

the nucleobases are connected by sugar phosphate linkages (sugar-phosphate backbone). Exemplary
poly- and oligonucleotides include polymers of 2* deoxyribonucieotides (DNA) and polymers of
ribonucleotides (RNAY. A polynucleotide may be composed entirely of ribonucieotides, entirely of 2°

deoxyribonucleotides or combinations thereof.

[0054] “Polvnucleotide™ or “Oligonucleotide Analog™ refers to nucleobase polymers or oligomers in

which the nucieobases are connected by a sugar phosphate backbone comprising one or more sugar

phosphate analogs. Typical sugar phosphate analogs include, but are not limited to, sugar
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Any. Docket No.: CX1-018WO0 analog polypeptides comprise a conservative or non-conservative
amino acid substitution, or addition or deletion of one or more amino acid residues with respect to the

reference sggy (g‘%% % 0064] "Watson/Crick Base-Pairing” refers to a patteiarafspegifisorairs of
nucleobases and analogs that bind together through sequence-specific hydrogen-bonds, e.g., A pairs

with T anﬁ“U:“éiﬁd”‘G“ﬁb‘ﬂ%w\%lth C. [0065] "Substitution" refers to the replacement of one or more
nucleotides or amino acids by different nucleotides or amino acids, respectively, with respect to a
referenceaetphientenseschigs, forspxampiésa sndid-4ipé seqbstiiced [H0aB]0Sissestts, SSupport” "Solid

Support,” @QJIQ&%UA%"q%ar%ﬁ@&m%&tlﬁ&@{&hﬁ@gﬁﬁﬁL%l@%@ﬂ%zﬁeﬁﬁés@@@éﬁm&@é@hﬁ’hase material.
Substrate also encompasses ter s, such as soIJb Ehas ! "surfai:erréc%nt?a/gr memb ane." A solid

support cAR B EeH#3bES 8ft6?rdg] AR SR AR e & P ot e Ieha” pf()lypropylene
polyfluorodthydé neapeiyeidy oty zargholytetd davidbedis Well %@bﬁ@o%é@faﬁﬂ Yrafts thereof. A
solid suppQItEaR. @'%%Q@ﬂm%%éﬁhla%gm @Hgmmrgl eepoemplass(CRIYY, reverse phase

sica or metal such e o plainum, The confguiclion ot suhsjale cap be, (1 grm o beads,
spheres, pafticies, granu mbrane or a surface. surfaces can be planar, substantially

planar, oraroxiptahtr aSENGs pﬂwﬁéﬂ?ﬁb@ Wé%@%ﬁ%@%%feaﬁ@fféﬁﬂﬁévggﬁﬁeil|ng or
non- Swel|mgcﬁ’{&an§%@m§w&;ﬂﬁq§%di@Mﬁm{bﬁ@nybenawnggw@éi)tméhﬁaf@gmleﬁ@w&hludepre33|on, or

other ConRe-\EeSel [SBIE, Aloralipn. A RIURNy of UPRQlts cRARECRUfigRd,n,An aray at

various loca |ons addres§a elivery of reagents, o etection methods and/or
instru mer%e‘[fo@@ﬁ]”ﬂlﬁr%@? Feferdkir sirrlartatigdnrahelsraberts 1848 brdtéifemaitisodié€ replicable
genetic paskages) anRsHRsaeBpasiionally distortdacatiansvingshmesetikeditenisnthe agents

on the ey e $ORISIY Geasled s hat die dpd ke e ADAR Aeispmined rom i

location on'the array. A "rnicroarray" generally refers to an array in which detection requires the use of
microscopfeetstisrrtes detidt eBiispfékes formed with agents on the substrate. A "location” on an

array refe@gtﬁ Iocallzed rea nthe arr? urface that includ g: %ﬁnt% each deflned so that it can

., '3 tar
be distingtli %cﬂ & tﬁt R B S tiohe Gverafi arrdy. of having some

detectablgchathcrsristiciotiret mm@m@mawm%e w@@i@m@h@w%w OtREFTEAABAS). The
location cap, have aiavsgﬂyb\f@@@eifma@@m(@egwmm@@n E%ﬁi@&%kﬁﬁnﬁl'ﬁmiﬁah@mgadg@xahaped) The

size or areadOft €|?€%§;L1Ignn LS ’?L%ngllggrgtcg %éut g"%)%? nut eofge%ﬁg%g tu}?)sg‘%ges such as
glass or plASHc ThicToSLopa Slides, and be configured in the form of wells, tepressions, droplets, or
other contairieridesiremetion bessasaulisatcaisnitfoplatd-Wali 4 Ydhetal ! hiterdAbfestriction on

WO 20094l:0R336Pedd 1 E52008/Q4MQ406rAmp Rerkak Mok il @ltdabie of supporting

extension by the polymerase when the primer is annealed fo the target sequence. “Amplification

primer” refers to an oligonucteotide primer used for ampiification of a target nucleic acid sequence.

[0056] “Forward primer™ and “reverse primer” refer to a set of amplification primers, where one
primer anneals to the 3° end of the target (template strand) while the other primer anneais to the 3° end

of the complementary target strand to amplify an amplicon,

[6057] “Proximate™ refers to the nucleotide distance from a defined base (e.g., a first nucleotide
mutation) to a second defined base (e.g., @ second nucleotide mutation), where the first and second
mutations can be accommodated in a single oligonucleotide primer used for amplification purposes
{e.g., forward or reverse primer). Thus, in some embodiments, the term “proximate™ is determined
with respect to the length of the primer. In some embodiments, two mutations can be proximate if
they are separated by 1,2, 3,4, 5,6, 8, 10, 12, 14, 16, 18, 20, or 25 nucleotide bases and are within
the primer. In some embodiments, the location of the mutations with respect to the 3" end of the
primer is such that an oligonucleotide annealed to a template strand can undergo extension by

polymerase, as described in detail below.
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the format of the array provided the individual sites to which the agents are disposed can be localized
and identified. [0068] "Reaction chamber" is meant the environment in which agents and/or reaction
componentgfakes place. Commercially available reaction vessels contaigcaiieagieefigaction
chamber, but can contain 8, 24, 96 or 384 reaction chambers. For the purposes of the present
disclosur&™ Pessttib i EiEfber(s),” "well(s)," "reaction site(s)," are used interchangeably. An example of
a reaction chamber is one of the 96 microtiter wells in a 96 well microtiter plate. [00691 "Primer array"
refers to {hes&iraywfiptifpelsmeridriitalisesptided anl Apepiidplificatiohintadtozepdsiticisay distinct
locations Q. A SUPSIAIE (6,AmAY AU EUBSHAIR) EeASIYaIhe BHNSLSRUICRDPISaS & pai of forward
and reverse primers used to amplify an mplicon.é&)O?P]t."Ar?aBI(iicon ariglx"t.ll'aetferris to an arrangement of
amplified BENHGRILBRALS A B S iR O R ISR AN e Bh WS ib L AR (8.0 “&rray substrate). In
some emiddglinierits,, the) amplidohvdtraioade fisiterttre Bamd positionaldarrahgerientca® tiadprimer
array, sugh,as,when the amplification reaction is carried out in the primer array to generate amplified
polynucleotides. [00711 "Plasmid" "vector”, and "cassette" refer to an extra chromosomal element
often carfpirgp penesnmaindisuadhy i dhetforfrefeircwlar dodblexdtiandécdDiteridoleguiesioBuch
elements may, be ALGNEMAUS!Y FERICRING SERHENGESHIRRAME INNGIHALNG SRQUERERS;Rhage or

nucleotide sequences, linear or circular, of a single- or double-stranded DNA or RNA, derived from any
source, irfPiRich BN SHIRRE BT S TERaRTCa L HARRY BRdm BTG B PEcH B8 Einto a unique
constructissiawtigh-iscapablecbhintredutindpaiprichacte bitagedertian debidA s sievieéidor a selected

gene progiict along, with ARRKARYalS 3 LN trRRslated SRAMERSE- I A eols: Expressian cassette” refers
to a specific vector containing a foreigprll g nf and aviqg elements in addi]tion to the foreign gene that

e elery 1 10, 1
allow for SRBFEELh o A RHE TR RBEY BRI SIS GE o Sy ntkres i B ide dttle Variants [0072]
The presentrdischuse enpschities rfisthods ol genaratifitfopotlavrdl eatiekdivargnte neEviad o éfined set of
sequence.differenges from a reference polynucleotide sequence. In some embodiments, the methods
are applicable for generating polynucleotides encoding polypeptide variants having defined differences
in amino awldgeguRRee-asomparédde a defere seppotypeptidebdsnssomewmbodimentsothe
polynuclegtide, varantz.nave,a defiagd set.of aucleqlide. diffelenees INDAREQEAUNGIIRIARS, €., silent

mutations. The polynucleotidés are efficiently generated by using libraries of polynucleotide fragments,
poly g

where thethefRBEreBHESeWBFAR Httado AT HSRS BERTE B AINS ald GIFEISHESD RS B8thpared to a
referencerpolypeptideseqiencs, msidithén polyiucleatide fesigmentsad, dedigiddaghayéoverlapping
adjacent 5%9@9%&&&%&h@%@&@?@%&%%apmw&@&@<§ %Ipfer QINSALS @) comprise a
2009/152336PCT/US2009/047046 Att)fé{ ocket No.: CX1-0 1 8WO

sequence (1.¢., a portion of the complete sequence) that 1s similar between the two sequences, and (2)

may further comprise a sequence that is divergent between the two sequences, sequence comparisons
between two (or more) polynucleotides or polypeptides are typically performed by comparing
sequences of the two polynucleotides or polypeptides over a “comparisen window” o identify and

compare local regions of sequence similarity.

[0061] “Replicating” refers to copying of a target polynucleotide sequence to synthesize a reverse
complementary copy of the polynucleotide. Generally, replicating is done by polymerases that copy a
template polynucleotide to synthesize a polynucleotide that is a reverse complement of the target

polynucleotide sequence.

[0062] “Segment” refers to a sequence that is a portion of a larger polynucleotide sequence. The

jarger polynucleotide sequence can be divided into 2 plurality of segments, wherein the combination

of the segments comprises the full length of the larger polynucleotide sequence.

[0063] “Polypeptide variant”™ or “ polvpentide analog” as used herein refers to polypeptides which are

comprised of a segment having functional activity, with or without retention of any improved

property, and has substantial identity to a portion of a reference polypeptide. In some embodiments,
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with and without mutations, allows their assembly into a polynucleotide variant, such as a
polynucleotide encoding a desired polypeptide variant. [0073] In some embodiments, the method for
generating W m%yde encoding a polypeptide having an amino acidsgguaisa wilh one or more
defined differences in amino acid residues, comprises (a) selecting a plurality of defined amino acid
residue differéritds r&latiVé to a reference amino acid sequence; (b) defining overlapping segments of
a polynucleotide sequence encoding the polypeptide with the different amino acid sequence, or
optionallyethleg eféremtdepolypeiptit eonadthrEuchr setpnvesst i bovrided By tasen.of kediard and
reverse pEmGERINGINGSLHINGES o WhersimaPeiUgieetisia sratanece-difiarence encoding each of
the plurality of amino acid residue differences is encompassed in the sequences of the forward and/or
reverse pridels Wakbiddith the phiries bifeling segquencesic(d)griplifyimgledekesegnentavith the set of
forward apgl reyerse RIMEISHWORISIR-Selastad saaid andloy reyerse, RIMEICONAIT P
polynucleotide sequence differences, to generate a library of’ampllcons comprising members encoding
the definédfino acid differences and wherein the library comprises members sufficient for
e P TgE AT SrED Ao el e ghencs REITMIAINNRL i dalnegam o a0 resee
d|fferencé F M the Ileary a set of amplicons having complementary adjacent regions
that toget‘l‘i@”ﬁ’éﬁdb@@%%I%@ﬁﬁﬁ@%@ﬁ’%ﬂ%ﬁh@d‘%ﬁﬁ?ﬁ@%lﬂr%@&ﬁ’éﬁ&@‘ﬁ‘@?ﬁadf%tlﬁb% faving one Or
more defipaehgiminciiacigd esjchecdifferences; and (e) replicating the set of assembled amplicons to
synthesize the polynucleotide encoding the pol}peptide. A library of amplicons containing all of the
defined atfiiéldtibeitfertiivesostiotiolidlfwnthe’ SPatiddsition zopl iy Bt potyiaetedtitles that encode
for all pos&%@@fsmﬁ@t&wsogﬁ méeme}@ﬁ%u@fa@@ﬁs&@%&bﬁ&m Lhesappareptiigihe,skilled
artisan, sgle%tlng th Iuralltxji de&negidamlno acid residue célf'f?rences can be o?nalned from various

118 SOLL Qry Can C()ll’l 08¢, organc SIS 5U
sources. In some em men?s thé amino Cla resi OSItIOFIS g d &JOI'FmSpOI’] Ing mutations for a

defined pm}ﬁ@ﬁmi@éﬁ%é%btﬁ?h@@mdm%méﬁﬂgo&eﬂ@ﬁw%tb@éfﬁ‘ééi’s agg pphagyiatidescribed in
Crameri %tsaJauJa%@pth«iAssiﬂufg}m pkrdamilyai gppes femsdierseapeciamacgrisraies, directed
evolution,” !\l %ﬂ %SS (gﬁ}} %Va,geer et€aJ C19917%%/@ cgslaég ‘6?|p g)n ofa}ﬂ arsenate detoxification
pathway Bylﬁ fﬁln ure Bio ec?1 Tg 436 an et al., 7 "Directed evolution of an
effective Wﬁé@ﬁ%@ﬁﬁﬁ?ﬁﬁ&@ét‘éﬁsﬁlﬁ@é%v mﬂé%ﬂntﬁﬁﬁ‘f’é éﬁ‘é’@%?e%ﬁ?ﬁlﬁg Hdc’Nati Acad Sci USA
94:45 4 4pQ8v&aramariehal., $986ss tmproveshgraBiafltkareshant prataipiuimeltculap@wuolution using
DNA shufflln Nature Biotech 14:315-319; Stemmer, 1994 f jn vitro b
DNA sh uﬁ?ngﬁ ﬂaﬁﬁre %Q?d)%g 335 C%}[e?ﬁj%sgc i9%4f 190%@“?%%&%&%3%%%%g‘n:%flr%rgr}r%rrl{tatlon angi/

reassembiyp %%gvéédﬁfbﬁfamﬁfw%ﬂéemwémaﬁaﬁwlﬁ%ewafﬁ EHEe IR ¥9747-10751;
WO 95/22625it\WQi3PRe/:hA36RGTHAI SR 0004 F04G AttjcRieketiNies:BX TOBWO WO 97/0078;
WO 97/35966; WO, 98(27230 WR.A0/4280 1 WQLHHREEF.and U.S. Pat. 6,537,746. All publications

are mcorporated herein by reference. [0075] Typically, a mutagenized library of polynucleotides is

expresseqopad] the-ex pf&@@e@d%k‘x‘a@@ﬂﬁﬁﬁosag@ﬁam@;cgfq;r@ceﬁiﬁsmﬂ;cpﬁ@@%p}ﬁdmﬁ gandithe mutations
associatedavx(igh SF %hS% %%tse';?l thga1 t%esHegl1 Sé*lm" erty; !}%gnpfled Large number of mutations affecting a
polypepticﬁ)ec UREHION can be rea Iy obtain usmgt ese tech nlques €6176 In Some em%odlments the
choices ofzanmesaeid begierdstitidrdntds ’éﬁﬁlb’eﬂf)ﬁtéﬂ?ébcﬁb?ﬁ%ﬁﬁéﬁ"f&%ﬁ%’f‘%ﬁﬁﬁ?@‘h@i‘d sequences
of re|atedt@&@ftﬁi?SASMQ&@&ib’Og&$M@(§cEarﬁt5&ﬁ]bIﬁzlil,Cﬁ databaseqSeguanseleamdpdrison can identify
D i SIS SONSRIEL CRIMER GHTIRY RS ROIARL 18 Rl unclig yilien can then

be targeted‘?or%)é d amino aci es. See, e.g., Wankhade et 2000, J. Biol.

275(38): 29T Te50Y 03 Kselired dery et dre, “2@1?) iufﬁfét@ﬁﬁgméﬁmsﬁ@s ﬁ&&%@%ﬁﬁ%{ﬁ%ﬂ@@héﬁk@ 42:148-163.

distinguished from adjacent locations (e.g., being positioned on the overal! array, or having some

detectable characteristic, that allows the location to be distinguished from other locations). The
location can have any convenient shape (e.g., circular, rectangular, elliptical or wedge-shaped). The
stze or area of a location can vary significantly. Arrays may be constructed on substrates, such as
glass or plastic microscope slides, and be configured in the form of wells, depressions, droplets, or

other containers, or reaction vessels, such as a microplate well. In general, there 13 no restriction on
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[0077] In some embodiments, the plurality of defined amino acid residue differences can be based on
sequence differences found in nature, such as polymorphisms found for a particular gene. In some .
instances, tq,g ﬁ%p}g%isms are associated with particular biological effgcls andansegated
phenotypes. See, e.g., Bidwell et al., 1999, Genes and Immunity 1:3-19; Chen et al., 2003, Mol. Biol.
Evo. 18: 177124788 ‘Eultéttions of polymoiphisms can form the basis for defining a plurality of the
amino acid residue differences for forming variant polypeptides of a reference amino acid sequence.
Combinatierfsrobdiffdxentaaminddatiblepaljndonptiisms winhiske agends toedismviniecthé flgvetion of a
particular,pialieirs[Q078] When the plurality of amino acid residue differences is defined with respect to
a reference sequence, the polynucleotide encoding the reference polypeptide or the polypeptide
variants gaadse tsedRs enhasis’ iomidentfyingicegme isyiathdefiningdhe mmpliconsptodoe generated to

create the,poyCIoOUe. IRATIRANGE  AMBliCan) Bia R RO, eAUTENS. e eglynucieotide

sequence need not be restricted to any particular sequence as long as it encodes, or can be used as a
basis to geffate YoRficoiEr AT dEr thePAriie AEIF SETRNS BT Rite st fhe
polynuclettid®d«can bedtsed encthe saturaty osalimaghéegablyvildtypensegiiensetona sequence
optimized.for GXRISSIANNGA RATIGIIAL AHGANISHVRNIMErSRL(Sre, codon optimized). For example, if
the polypeptide of interest is to be expressed in E. colt., a polynucleotide sequence in which the
codons ajeoaptinrZed: ier.expiressiondarky coliitan bepusedsdadaniopthrizatiandechiigues are well
within the Skl 21109327 e Ak J0003%A% Wil e ArRrENL fodhie akliof arliran,ividing the
polynuclelotlcie intd defined segments for amp ification can be accompﬁshe using techniques well
known in $pianaies A RGTAEfB O ANhETESSS YHOe0roi!s 2388 eTHIEe19/047046 Atty. Docket No.:
CX1-018 ince the segments are defined by primer binding seqyences, which are themselves used
to introdu\@éegﬁ?ﬂtéﬂ%‘ﬁ%%t%%e%%ﬂ%%%?rﬁe%%ﬁ% ﬁnempf)%ﬁyﬂ%ﬂse“(%? etitlér? oin Ogs}%(}enr?@can initially take
into accodtitiseléowationrof thstriatatonsorsthepely sttt othedivisicmp teha e Ratucleoride
into segmentscanAsesiakaintaacsrunttie tatallengthaithe.pelyneeciatidetheeffisiency of
replication (e.q., amr%lification of segments %Q]d ltgaejgéesircg% %gnber of amplicons for assembly. Other
considerations will b&'a 133?%%‘?% the s?ﬁieél drtisart 60 c]Am]o’lification reactions can be affected by

seq ueanﬂwm ofipalymerasgHised ~gfficiencyrgfpimers. and.uwaniechsideneactions (e.g., primer
dimers). Thus, in some embodiments, depending on %31; total length of th% é)l%;/nucleotéde to be
I es

assemble¥f e S BT R TEAG T AR e Tob e Pash 4 BEE} PO AsBY b FIsE 380 Bases or less,
1000 bases@risss]00flbasesaptess, 800 hasewptiigssqROCchabes or twsko6OGbasesor less, 500

bases or lgss; 400 0A565 QLIRSS BOBBRSGR MlelEsRA2RRRASASREdaRN 2k 200 basesHess to about
100 or as few as about 50 bases in Iengbg. Gene al%%lj%lr@th of the segments is from abaut 50 to about

1000 basB¥ RE S P08 S 1o B IsAE Y A5 ST R o)) MRS RBTHSEE0 BSEEs, with about

t
d
500 basesHpeifiy {isehdducine ragenietsy frrgivanavelDdificieneyco fpolyreeraszes e dain Bemphfidation
reactions .}, vaHaus erbRdimenteeiseomantsisQverlapping sueh thatghesamptisons produced

therefrom will also have overlapping adjacent regio s.éi. ., overlappin ementary regions) for
assembliﬁﬁnttﬁlemﬁ%ﬁ/r?b%%&?a{é?%ggv sl Prﬁ%}?tes,%t eé{g jg%%gﬁrp%l?éﬁr é);r)ping regions should

¥ some ‘embo
be of sufficientdengfibangteompheentarity to permit the formation of stable annealed (i.e., hybridized)
amplicons during assembly of the polynucleotide. Thus, in some embodiments, the length of overlap
can be 4 or morg'%uclé\éﬁ‘%@i@W‘&%‘?ﬁﬁé"dﬁal@g‘f@ OB nucleotides, 8 or more nucleotides, 10
or more niidédtitlesikodintranpolectidesR0saf moratngglebticds;tZb crimorkenugleotides, 30 or
more nucleafides. 4P.05MALYRNAIRALIASH LQOLMOMRIPHLIROHASS (0E: 1900855 ARAESS, 80 or

less, 70 or less, 60 or less nucleotides in length as permitted by the ability to ,forrjl stable annealed
amplicondP e & o RVSH e lorre Gumes 1}’1%?88%@%8“6%%%0@%%% LEHEENEE Y Yise to generate
the amplicefiscdligitength ofomier ke cemrerceas ntfpran yodiffdrancesitire deduenee of the primer
(e.g., for‘"’éi‘ﬁgoﬁﬁ%%,"tﬁé’?BﬁﬁL%@ﬂiéQ/egﬁ%r@atﬁe@&ﬂ@&@é{@ﬁﬁﬁ%ﬂi@f@i@?&%@ﬁﬂﬁ@x@%ﬁiﬂge mutation
to be introduced. [0082] In some enkbodilmenlts_, the se #H\%Fr:a are botug ed bﬂé}%imer b}nding
sequenceS ¥ Wrich tHE SR eV aF R B et G AS A R S S ETS prate  the Brimer binding
sequencesctiatctefideftharsegmbmstoanaborentbaipass theopositionaite hopmaekdtide that
lencoges @m@fail@& Qﬁ’é@rﬁ%%&%ﬁ%@éﬁ?&@%@plﬁﬁdgé@@ﬁc@% agmgesfﬁ%a_a@&iaaa@&@/fimy 3_uffi::ie2t
ength to gnneal to the primer (forward or reverse). during the amplification reaction. Accordingly the
primer bin%cfﬁ% 1%%‘6’&’3?"\%8‘?%??%3% o} e?altsré:glg?sl(séussh, tgﬁ %%%’é‘%“o&%%‘é",%‘b”%%%é‘g %%?fé‘é‘él e"% bases or
less, 60 bases or less, 50 bases or '
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WO 2009/152336PCTLUS2009/047046 Atty. Docket No.: CX1-018WO less, 40 bases or less, 30
bases or less, 20 bases or less 15 bases or less, to about 8 bases.or 10 bases. In some embodiments,

the length o i inding sequences can comprise from about 8 to t8to 40
%gz@ég%%ég %&Rﬁ%&@;&%’é&

bases, abou ases, or about 15 to 25 bases. The primers typically can comprise lengths
compleméfit&r§¥d tHe ptifiier binding sequences described above. Accordingly, in some embodiments,
the length of the forward/reverse primers can be about 60 nucleotides or less, 50 nucleotides or less,
40 nucleotides:dwless;t 3dnueieclidestocitessn2lynuol eptides: boids satbmucldatides or less, to about

10 nucleq;jgﬁﬁggo%\@ggngordﬁggggg%gfpghﬁamgeggggggiments, the length of the forward/reverse primers
can be from about 8 to 50 nucleotides, about g to 40 nucleotides, about 10 to 30 nucleotides, or about
15 to 25 nuetsotites:{Qad3iidhererthepiiner coriaing arequcBeRieacoding.adefined.amino acid
difference, the mutation can be located at Qr_r&%i&ri‘eﬁﬂ the. primer that does not interfere with primer

. mé all aminge acld.s %uence Wil one d% erenbes 11 ¢ O Act s . .
extension. In Ssome embodiments, the mutation is located at about the middle of the mutagenic primer,

where thePrRfies iassalrHigRat e ErcfeAred arpe a1itd eHe tahitfsransch iiciée Liddfigserve as a
primer foraﬂi@e_qmlymm&;md&m'ﬁdgwem@piﬁge@mm. dfhi}ﬂmﬁiﬂﬂﬁbwm@ﬁi&, the@alyheicleotide
Sequencﬁigﬂgp%?ﬂg%ﬁtﬁg{% E%‘?fé%%%‘é%ﬁnodﬁ%e%g{{égc%’,%}%ggcgé}gg}r%fr&?&e%%‘égyp%}?@&& R{RASES. 6 bases,

8 bases, ases, 12 bases, 15 bases, 20 bases, 25 om the 3' end of the primer. Accordingly,

l 4 - .
in some e??%%?&ﬁﬂ‘“éﬁ%é’?ﬂ%d@rji’éjtﬁ S thB T AR Fe a1 R A AP Rt BE RO AB6H S to 50 nucleotides,
about 8 tedPnnticteidt descabaliffdtito Q0odingleaticdd sheqriabibytol st iducieotiddgranck farther

comprise &u&@ﬁm&q SEAVEREE e BRGE-RLARAWLING UGS, 0L NG PHMEnd PiS/BRATE
embodiments the forward/reverse primers are about 50 nucleotides in length with a nucleotide

difference SBBRESS N TR HEL B R ERE s EH AP Hi5b 0 90 Al AR bH I ESSRTBRB IRt HEfdotide
differenceabyoudt20/ nuclestdes érontithet’s’ prichabrotd36quacie difttesins|engthewithz dtmargleotide

difference, plghtcbas RUERRIAER BB DR &NH. ARKE 2m:RYRIRCHEES R.lengthyith anucleotide

difference about 12 nuc eotiges from the 3' gnd,b r about 20 nuc% otides.in length with a nucleotide
difference RBBUITIPTRIC REHABS ?ﬁ%ﬁé‘%”&sﬁ& ?6‘6@1‘1 RStk ﬁ”ﬁ]i%?’?ﬁ“é) BitgorticiEstide primers,
e.g., the themnatinmekinbctdrnperatire aéslackilhetibficoficn Stiesrgthh ltenfiperdte hér@/€Cscoritent, and the
pfesenceﬂﬁﬁ@@ﬁ%ﬁg@ﬁ?ﬁ&%@%j&%&% tad usuBakeRwn mefiadefadrradicting melting
temperattér% (Eee, e.g., Baldino et al.,trl\t/Jetho ngnzymoIoegxﬁéGS:761-777& Bolton et al., 1962, Proc.
Natl. Acad& TSR A6/ rs8t 5 REBAAAY eI erB86! Broc AT, AUAY SLITEK 83'8865i8897; Freier
et al., 19884 Pabepitatingiback SCHuBA 830873937 FykievizeberdinBletherietdn25:7840-7846;
gychtl)ik etpai:,qaal.-l&az%olhlu@keilg &(@f&l@f@@ J&M@@fﬂ&a{%ﬁ&ﬁmﬁ&& j@&é&a@?%’%s@mm&&:698);

ambrook et a ,.Molecu oning: A Laboratory Manual, Ed., Co ring Harbor
Laboraton) PHELE N S A o A O 4D OO TR Acall i3y DG DR hCH CACH (Brown e
al., eds.), $f*®83-693, WO 2009/152336PCT/US2009/047046 Atty. Docket No.: CX1-018W0

Academic Press; and Wetmur, 1991, Crit Rev Biochem Mol Biol 26:227-259. All publications
incorpor a@qﬁj eflkﬁ Brgirkéef 8?8?{813)10 the skilled artisan, selecting the plurality of defined ammepao]d residue

differences can be obtained from various sources. In some embodiments, the amino acid residue
positions and corresponding mutations for a defined polypeptide can be obtained from studies of
random mutagenesis, such as that described in Crameri et al., 1998, “DNA shuffling of a family of
genes from diverse species accelerates directed evolution,” Nature 391:288-291; Crameri et al., 1997,
“Molecular evolution of an arsenate detoxification pathway by DNA shuffling,” Nature Biotech
13:436-438; Zhang et al., 1997, “Directed evolution of an effective fructosidase from a galactosidase
by DNA shuffling and screening,” Proc Natl Acad Sci USA 94:45-4-4509; Crameri et al., 1996,
“Improved green fluorescent protein by molecular evolution using DNA shuffling, Nature Biotech
14:315-319; Stemmer, 1994, “Rapid evelution of a protein in vitro by DNA shuffling,” Nature
370:389-391; Stemmer, 1994, “DNA shuffiing by random fragmentation and reassembly: In vitro
recombination for molecular evolation,” Proc Natl Acad Sci USA 91:10747-10751; WO 95/22625;
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[0085] To generate the library of amplicons, forward and reverse primers that anneal to the primer
binding sequences of each segment of the polynucleotide are used in an amplification reaction to
generate a ere the amplicon has a polynucleotide differenc ned amino
acid changre%?gl ative %2{{3}]6 reference sequence, the sequence of the forw %Qé}g{%evegrse primers
are desigh&d’tdtrddité%he different sequence (i.e., mutation) in the amplification reaction. Suitable
combinations of forward and reverse primers are used to generate a library of amplicons comprising
membersWiab ooy &nitody ffideach@i g5 uralidyvot 26mindvadid 7é%idweddiffeiences$i 10686] In some
embodimeqts,dhe seis.Af fRryrElandteversedpdimers can be stored in an array, for example a primer
array, such that they can be easily accessed when amplicons are needed for synthesis of a
polynuclemiids) emaﬁtngaﬂetgeﬁaeamefa@tsbs@quaﬂﬁec;pemwtata@mndbtse\wi;ﬂaeapprecuated in the art,
(he ol9ONRRSHIEREMELS £70 ucﬁﬁmé%tntfg? gstﬁl@m&%ﬁg LAHAN, REIREIAE e defined
plurality of arhiho

0 acid residue d| erences. including, amon ers, amino acl msertlons deletions,
and substittifegd PrecsitiiRthd &%A w&e@é%ﬂ%&? FroECOMEERII SRR as dictated by
the chosesapilyratiymed arhinthacidciagidie differences. [0087] In some embodiments, more than one
amino acid sequence difference can be present on the same amino acid residue position in a
polypeptid@ddehenes anbiiisensnibodinsenes culitfe seist rasiil b ferncind s abtidne/ERpping segment
can be geperaiadn wheimeashsamplicobris prenatesthwih-fosvard andraverseprmripais for each
defined mbutatlon at the Jdentlca e%,due ost on, To gregare a olmmst otlde ncodlﬂgn{a&)artlcular

Lence Cony am%()ﬁ_lc n lentily posiions, xam nscrved 1es tﬁn 1f1}0
sequence permutatl Specinc amino aCI € position, one of the"‘amplicons contalnlng the

desired nﬂﬁt’aﬁi@ﬁl’(‘F@“dé‘ﬁﬁ]eéPﬁﬂl?le‘b‘t“tﬁé%?!ﬁtéiaeﬁ%@)etsaéﬁéfséﬁdéﬁan&%%e?%% Fsakidaiber of the set
of arnplicensztmcgermbateﬁéa@ polymsucteotideenendingd polypeEptde-ceintamingdherdesicad mutation(s)
at the speC|cfl| d amin qgédlgesmue position. [0088] In some embodiments, more than one pair of
primers (e g., a set of degenerate primers) can be used to generate a set of amplieons (i.e.,

polynuclemufmftagmerttﬁt)mtcﬁentmpmﬂyt@f%ﬁmEatﬁra) §et1@éstzfab'ﬂt%temdeam@@a§§d%ﬂcoding

polypeptides hawgt%more ino ac cid residue ¢ g s%bfstltutlons at a sp CIfIC deflned
LICTIC NCES d? ound 1n ngture, suc ﬁé }f‘m rﬁﬁ%hm fou or & pat EJ’ E:‘I}C
position. THE Polynuefestide Variants assem ro e amplicons‘ma |ng egenerate primers

can be seve}uemedhbefémmlatm Wen@e@edlmﬂvuet@naei@a@sﬁgﬁeﬁ ?ﬂctﬁﬁe‘?lt@‘éjetermme the
specific sggugneesakiRe:Rosition vtinieress, dORZAhAS Wl }be apparentter the skilledartigan, in some

embodim nts rlapping segment eflne | for a otid ence not have any
associated | t?a |7(§}r\1(§I J tiona nst?tepo me’ 8%6%%%%%% deﬁirlﬂej%%lﬁb@%[n ]% 46 %:ly Docket No.:
CX|-o18W®@é@mé¢ﬁ@¢ﬁe§aﬁt¢w@sépﬁﬁﬁmegdfageemeﬂumfétwﬁawﬁeﬁeemaes%ss%eeﬁed mutation,
but in SoniR:SERLENS S MERSIAINNS MaynehhaksmdtaioRassasiatediwithdhersegment. Thus in
some embo%@ ments, the library of amplicons can contain members that do not have any polynucleotide
sequencelgir erenc es as compared to the reference sequence for a particular segment. These bridging

polynucleqsifes wilich Naveine Assecaled:chanassdRediensras eompared iadhereference

sequence, can be used as a co nectgr to, assemble t e cor Elet%epol nucleotide. 100991 With the
1104 T S_Pg 1uc CO'&éP eI he 18 1‘ 13{v]+] ){) ort %E %ﬁ C Variants can
approprlatSqBEmCe gmen |con rany com nses m /S that can be used to

assemblevatdeasbuaiofor 1M@M@@WMhé€ée%seﬁue}ﬁ@elpé¢MmR§ﬁsddﬁ therdélfined amino acid

differenceg relativeite HheheleraNca.sEMeRearOh SXAMRIS: ARy RfvmatioRsdelined by amino

acid residue diferences A.and b can have the following permutations. 4 alone, & alane or A and B

Thus the amphcon rary nas sutricien ers g‘enera e an amino amdﬁsequence permutatlon
having |nc$evpeﬁdeﬁbryiahwdmﬂaﬂen%teaiwamﬂﬁegew@eembfeﬁﬁhéﬁtspfth’e%i?ﬁjtwrt&ﬁary has

membersisuificie n-tegeneraleeman aming- @ﬁiad %waeemm&aﬂpma@m%ma@rmno acid

residue dlffer Nnces relatlvet the referenc uenc us for the ive atmge tp mpllcon
1? TATIS mIerest % 0110 I7E 1e)€a glc T {)o lya)eg de afi ereé
library has S BUHicient membeérs 1o ge e”réeaml 0 acid sequence permutat aving independently

an A mutdtiép %P@Stﬁ%t&ﬁowfbraawlﬂw@mtﬁﬂéﬁwsm@@Wé@ﬁ%ﬁ% eitipEsrieTwill correspond to
the size otihessegments/thenamplidons Ganpe?R00nhases s lessy150thhasesor esssdia00 bases or
less, 100thg%s[es or less, 900 bases or less, 800 bases or less, 700 bases or less, 600 bases or less,
500 bases or less, 400 bases or less, 300 bases or less, 250 bases or less, or 200 bases or less to

about 100g5@$ few asabeutaobasesirdength, Semagally plensth.of tha@mulicansdsdiem about 50
to about 1000 b?ﬁg‘iw%l%OUEZOO to JFO[OO bases bout 30% 0700 b ses r about ALO to 600 bases,

¢ aCcCcOny ed U CS W, ]]GWH ! the 1 SOINE €m
with about BE0bESES Or fess A tsetul Tenit gglven e efficiency o pofymerases tsed in ampllflcatlon

reactions. In some embodiments, the amplicons are about 400 bases or less in length.
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[0091] Generally, the amplification reaction can use any enzyme used for polymerase mediated
extension reactions, such as Taq polymerase, Pfu polymerase, Pwo polymerase, Tfl polymerase, rTth
polymerase, Tli polymerase, Tma polymerases, and Klenow fragment. Conditions for amplifying a
polynucleotig[e0 sg%%%%ﬁ; ﬁsing polymerase chain reaction can follow standsird conaitions known in the
art. See, &7 LeSambréok¥Eral., 2001, Molecular Cloning: A Laboratory Manual, 3rd Ed., Cold Spring
Harbor Laboratory Press, NY and Ausubel et al., 1989, Current Protocols in Molecular Biology, Greene
PublishingiAsseciatesnande\Akfeyd biarseiencelidy. ¥(updatesutp ie 2008)wefexgncearirrosporated
herein byé%%‘&(&d&‘%&m[51?19%él;HEQ%‘RHi‘ﬁs%%‘Qhﬂgé@&gﬁﬁcr%%lﬁl!fi'&%%%’&%&?,%bﬁ%ﬁ%%k’j%% (a0 be carried outin

Separate reactions, the_re minimizing the need to |so_ate one amplieon product irom another
amplicon 2o e fotREH A BRI FeeRHE R YBPHRRS T nhBF P caly B enditfdddut in a
single reactinant¢0: 200914 52336RG 131G200UA4TE4G AfhncDodketN ol GXdy- 018WGadad the
products jsolated;sUeh asRy. lecl O AUE LSRG %Hﬁ%’%?%‘?ﬂﬁ%}%‘és I some.mbadiments, the products

of the amplification reaction can be ‘treated with various combinations of exonueleases and

phosphaﬁ&%?ft’ﬁ“i‘%‘fﬁS’\i}é%?ﬂ%ﬁ??ﬂﬁdoﬁpﬁﬁ@?%ﬁﬂ%e nucleotides (e.g., combination of exonuclease |
and a'ka"m‘l?yﬁﬁ‘%ﬁ%ﬂ%?&% AORRL IS 9%%?&%5%%‘?% BQA¥Q,(L§%§%%%§REQG%S%|ns%&,hfgffc):%ycpe&tlde with the

defined amino-acid’sequence permutation, a set of amplic _ g complementary 3_\/erlapping
regions is"sEIREtatf ARt aseip et it & Toranfe AL EEt Jermib i ashbedingbt dseceditblementary
overIappia@tﬁeg&m&ﬁg@aﬂﬁaﬁh@@ﬁ%ﬁxwIﬁaéh@l@dp@ﬁ@@@mamr@mﬁ@mwg@b amcxést.ben alloyved to
anneal (o, {QU .8 caMPIY.of apicansial inasHIL.ensage e RalpeRUde I A dglined amino acid

sequence permutation having one or more of the amino aci ue differences relative to a reference
segue ce./ SR/ CHs SUNBIS OF babh CBtetairptic Sristest pecar b6t Septratdyastich that the
polynucleatielg, encouliag: ond-anind acidEeq ueheapaisnttationdsuragily disbngy)shethsom another

polynucleqide sagoding 2 Il eNt aMIRAASILSRASICR PRIMMIAIAL. Intose emprgiments the

assembly canbe carried out in addressable locations on a substrate (e.g., an array) such that a
plurality ofF8RM fdldo it kel w it St Srinefnell axsme dwisauehestermmitfions can be
generategdimultanestbly (09 dmmsemeambodirtents;hassemblibs candoe preparedpsech that

multiple (., 2,940l AMICANS IR IARIRSERA fk e sAme. ragment. Jhe resulting product from

this assembl{greactlon will contain a mixture of polynucleotides containing different permutations of the
defined aMiAERAE CEGISRTEgIfeeRYdY Frutintherelmisédidhed directly and variants can be
S Rl e Spsaed palRSRIIeR At Fasayed, (ORI TUs asaempled Anpicons i
replicated using a polymerase to égént?] size the po?yr%udgeotl e encooﬁng the polypeptide of interest. In

some emBYdRRBHRE HRERITRCOmRtiDhef sahlusB e Samd vorHtO el poNiférases used for
the amplitigatinn, rdactipsly iR Asse mhie th ampliconsiachas iy ML Guehriiada singleniownd of

replication) creates a %Hﬁg?ea&&%fo%%s?é%-?ﬁl!%&ﬁ%%mﬁ&%%‘%r %glr@ %{%i%msth% repligating step, primers

that anneal to primer binding sequences that flank the polynucleotide (i.e., terminal 5' region and
terminal 3EERBHS cahPhRARARHCRS iR IR IBISRERIES A& PREtIREL Katrythy BGtSadditional

ampIificatimnlmaietim)_s)rlmcsemelam&mgﬁmmglnmeeﬂmkhmg mﬁ}r_nekssr;am dnberr,p@ratﬁmedﬁg n_ition
sequences {ol reSHIGHON LNZYMES: 12,8358 Floning of the synthesized RolarElsofide, proguct into

plasmids or vectors, such as expression vectors. [0096] In some embodiments, the lanking primers
can have SBERIEH L IR AL NG To7 HIFRE IS P ERISHOLMIBIS RROHG A ABt [ 8Pl <kTiption-translation
systems fangynithesisiofdhe foratéip productwitheut difereead fothtrsaastormatibnpiied st organism.
Hence, sqme.flanking ROURE LR generate the polynucleotide differences encoding the mutation to be

introduced.

{0082] In some emboediments, the segments are bounded by primer binding sequences to which the
forward/reverse primers anneal. Where appropriate, the primer binding sequences that define the
segments can also encompass the position of the polynuclectide that encodes an amino acid sequence
difference. The primer binding sequence can be of any sufficient length to anneal to the primer
(forward or reverse) during the amplification reaction. Accordingly the primer binding sequence can

be 100 bases or less, 90 bases or less, 80 bases or less, 70 bases or less, 60 bases or less, 50 bases or
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WO 2009/152336PCT/US2009/047046 Atty. Docket No.: CX1-018WO incorporate control sequences
to control the expression of the polypeptide coding region. Amplification reactions using such flanking
primers can 0 %5(}%) I|nk the control sequences to the polypeptide codlngéle/%lbglaeg)‘o J:%grest [0097] In
some embo‘gmen e pIurallty of amino acid differences is at least 2. In some embodiments, the
plurality dftaRtitfoacid diffétences is at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or more.
Accordingly, the number of defined nucleotide differences can range from 2 to 45, or more. The
number atpesotitationssios( bispiundlity, of tefinedanihmasidriesiduebdifféencasts givees by the
formula %4(%&@ &»A/Mﬂ%%@ H@Humﬁeegn%&l%mg%auxn@es%%wmm@oe&c& kisthe number of

amino acid differences and n! denotes the factorial operator. In some embodiments, the size of the

ampI|conhiﬁ?%ﬁpof6|8é‘ké%?§qfép‘ﬁlﬁﬁm8 RSP PLAPIHD! Adfl PeiTtie BRSBTS :l:}}ilf)ar‘éry size
containingpatléastndiifferehtanpticons: prirsormed@mnbatimentssthbesizeof thechibhagyisnat least 5, 6,

7,8,9, 19&&8&%&@@{@Mﬁ@ﬂh@@%@@%ﬁ%%@@wbé%alp&@rawo%y@m&gs gpmprising at
|

least 10 defined differences, assuming none of the differences are Loc te rqroxlgateléﬁ)gych that more

than | carBESBER BRSSP SHiRerdas SRl I uetrativs Hithss o LRKilraaairaIehca i

Ses uﬁ to 11
ampliconstpes.assembl) redetioies Assuntingceplideality widifatedineuitatiotgheotidsired at any of the

plurality %%MO&J@%%&Q&%%%M@J&R@%5mufen5aag@raupﬁagl%&mqmmi@gn§om e used.
Accordln in some erpeltj)odlments th library of amplicons can comprise is at least 5, 10, 20, 30, 40,

50, 75, 1 HB? IRl r"é‘r‘nfa?ﬂﬁﬁé%’ﬁ 98700] Once the library of amplicons have been synthesized,
any poly 5%?%&%@&99#&&&&%%%@% L AGIH REOHSRCE REFTWATARRASEdOR@albrality of

amino aci re5|due difference can be made using the library of amplicons. In some embodiments, the

method of¥jdréretitirar pesid i beiHE et drTg X IBITEERHIE PRI 4HiNG ¥&8 sequence with
one or menebdifiass differencessibhaminoe aoid tesiddds dshkeampated toserefdrenite polypeptide

sequencg, M{ﬂh@rLss%éﬁb%ﬁwo%&éai(@msu%mp&nﬂm%fam&bmsa having&ofpplementary

overlapplnglﬁ djacentr rgglons where the assembled set of amplicons comprlse a polynucleotide

sequence BHESETG AN ARG SaGEN LB Wth BHE Brimbrd o aprRY St i Yesidue difference
as compaiititocasrefere heetsk guendag whexd dhgharipliconsarboseidoted frormea dibrsay Bf amplicons

having mgmbhers &@&Oﬁims%qp%@gﬁg okamine.arid differenees. pad bl serlisating theset of
assembled overlapping pol }énuc leatide fragments to synthes zethe p Ig/n cleqtlde of |gter%st 101011

In some &TABYSEHEME gL HINE SHTBPAS T PERTRET £5 JERSERE HBlYHIRREHEES BStoding any
permutatiertdfie defived:plurdlity 3F defivédearminboacid @lﬁér@nl@e‘sgiqher!&l@mﬁ@@ eowiptising: (a)

generatingua%miaf@tmﬁ@&ﬁ%&% acidoseavensas differinadromuasrefespreammingacid sequence
based onfa 1g?dlty of defined al(];lno Cld esidue |ffe|ilenc S as conaggrf(ted to aagef%gnce amino acid

TEVEDSE r}mars are apout muclegfides in length wit CEGO‘[ & NCS
sequence  (B] SEfEERG a Gefied Amind adia seqlieRce permutation and determining a corresponding

WO 20091:52386PBT S 2009/047046 m&vxo@bekelew VEIR 210 BQe difference about 20

nucicotides from the 3° end, about 30 nucleotides in length with a nucicotide difference about 15
nucleotides from the 3° end, about 25 nucleotides in length with a nucleotide difference about 12
nucleotides from the 37 end, or about 20 nucleotides in length with a nucleotide difference about 10

nucleotides from the 3° end,

[0084] The stability of the oligonucleotide primers, e.g., the thermal melting temperature, i3 a
function of ion strength, temperature, G/C content, and the presence of chaotropic agents and can be
caleulated using known methods for predicting melting temperatures (sec, e.g., Baldino et al,,
Methods Enzymology 168:761-777; Bolton et al., 1962, Proc. Natl. Acad. Sci. USA 48:1390;
Bressiaver et al., 1986, Proc. Natl. Acad. Sci USA 83:3393-8897; Freier et al,, 1986, Proc. Natl. Acad.
Sci USA 83:6373-9377; Kierzek et al,, Biochemistry 25:7840-7846; Rychlik ot al., 1990, Nucleic
Acids Res 18:6409-6412 (erratum, 1991, Nucleic Acids Res 19:698); Sambrook et al., 2001,
Molecular Cloning: A Laboratory Manual, 3rd Ed., Cold Spring Harbor Laboratory Press, NY; Suggs
et al., 1981, In Developmental Biology Using Purified Genes (Brown ct al., eds.), pp. 683-693,
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polynucleotide sequence based on a reference sequence, (c) selecting a set of overlapping
polynucleofide fragments encoding the defined amino acid sequence permutations, where at least
each overlappin lynucleotide fragment encoding an amino acid differ i urality of
polynucleoti%f%@r%%zﬁ?gc encoding different known amino acid residue di eredn%te)rongﬁﬁe%ein the
plurality of'fragtrents™hastiembers sufficient to assemble polynucleotides encoding at least two
different amino acid sequence permutations, (d) assembling the set of polynucleotide fragments
having complemiepiaxy ovexappingoatjaee Rt vayiohen dnd Bl Bliranfy tiepselietiassembled
overlappig}gom%;gilg%}sygm%gge the polynucleotide encoding the polypeptide. For each desired
amino acid sequence pennutation, the steps of On to (e) can be repeated. [0102] An exemplary
process fegogsnetatingshenamphsarsdictnnmher Slivariatsrim shamind @ b jadbe illustrated

embodlmg:nt.the rocess comprises: a{)ﬂ{gné))?rtm%giﬁeeferenc sequ %ﬁﬁc%nodn aeelllcséooftgnutatlons

e
associated%ﬁ% th uﬁsnésasuoéfr?%e, 1 mcernetatlng st o perrﬁlfﬁét}fq"f(;)nus1 ased on the Iist of | mutations, (c)
selecting geerefinadnbierrsutition OF tiwBspie acigsagiietee diterenestarrde pdiefshaRy overlapping
polynuelegtidemfrag rarims e afbkreyelamnpliconsedg. o asdpieparethinoH&es) p(eyaetermining the
number of variants .and.,if ber of variapts is | the total num desired variants,
eitormtind ST S ARG MRS SRIAEN S B AL SRR RaL S ehat T
designed GRYBRRTERS S AT A FEFSaiase SERGH ATF WiFhIRRSSAIF et FReSrMes SHBSiERaents, the
method ofhgebasating.a Harakyief avedbppingpolyiuaieotidel ragimehit&rearrscomprise: (a) generating a
plurality of permutations of amino acid sequences differing from a reference amino acid sequence
based on[4486ir&isprof eeifirercaimitho wtidresiaudagifereneesMunTea hefépeldce ArMirY. &%id sequence,
and for eaghmRermutation 4y, determining apelvausieqlide seatancaensasing.tbe remino acid
sequence fhigged ona feference polvicleaide sequence (i) seanningapolviucipgide sequence and
identifying a change in E%fynuc ectide séquence encoding an amino acid residué ditterence, and
optionallyadegsiaithin dheelpheiginueteiferterasgeinselyn dtiedtdeyduRieticestiepding a next
amino acigitesiguerdifienencayialife Bmine Rcid-sRGyaneRReMAtng, {iysalgetingastorward
oligonuclegtide primer having a,sequence encoding the,aming acld differgnce, and optionally including
the next cahange In pdlynuc eotide sequence in the same forwar primer It proximate to the change in
polynueletide sestBHEE v sEaRFmBY A shaticristii ebguanaddreiithe fesbeh of the forward
primer “”Ltgfc?j; ?Eé‘tnﬁ’han’l%%eﬁgc Qlynucloofide sequence is identifigd o untl the end of fhe.
polynucle ) ahtrgefee |rﬁig areverse o |gonuc]1‘eot| e pr?mer or amp‘iffylng aipo ynucfeotlde fragment
with the fermarthiviigoidueiaofidesiskimier phexeifithelreverst prisserhadmcssodigpcet that optionally

encodes the,next chanae dhRMingacid esisue differeneaidy) welleatingngians (ipig(v) for each

change in polynucleotide sequence encading an amino acid residue difference until all \WWO
20001159 RS O e Sy el e G o B S oA e
sequencersgresdntisikoligentiestderprilse b ras Bt BiyrutIEstheEsegidence is reached;
and (g) amplifyingswith eac seteliooraschandrenersseliganualeotideigtimersieganerate the library

of overlapping amplicens having members engeding ihe. aming g diflerengss, In these
embodiments, when scanning o the poﬁynuc eotide sequence encounters the end of the
polynucleBHdB ARG et SHPeRiE t setRi B IOTRETRIMWRACIHE MtBeRBEpRiRhaRR2EYmplete the
generatiop:@fidbecsimplicons. [0104] An exemplary process for selecting the appropriate forward and
reverse primers is illustrated in FIG. 5. In FIG. 5, the process for selecting the oligonucleotide primers
comprised 008§kl eotingnzb vdingnts (marathinomoidisdauerce permetiatichlaed g evarztingibs
correspongding PQVHHElLQlide.sRAUEREEDASEH QR AdSTRIENEAFEALRAGR «(B) reatingld.ferward
oligonucleqtidf: Pri[netrdfor a frg meﬁf Witq a figsﬁt r’qllét%yolgb 7cgn§lcnar%n§ggetﬁgesc% uence from the first
mutation 10 BR&HEXTMUtALON oF 1o the BhdP6F the gene and creating a reverse ofigontiéleotide primer
for the nesthritittion a{d prentdisrdtiasibpasimenalibn nsiprekiaie e Hiesprietashplacing the next
mutation ishe samedorward-gligenusientid eapimenéelraitgsatingsiepsi{bdaiddpsntings of
polynucleotide va{iant C{gri% r(%%ched. t{‘Ce)105%1]£\s noted apé)vebép[.}so e ggggpdiments where the

15 A85ayed 1 O 11 CCHIC S €NnCe.al the | 01 OF ¥
polynucleotlée has been separa ed outinto oveequfapplng sé)gments efined by a set of forward and

reverse prigggss.Ah&foswayd.2ndJ BNiSE-RIMEES Mambavs AaREROstRd MIiations.Pne context in
which this may occur is if the polynucleotide segments are to be restricted i(? size, for. example about
b B ho

less than $0B6%558L° O A RSSO G ST & MPALTS SN nr%p”ﬁcon,%%%h%ﬁ%%"ﬁ%t all the
segments have defined changes in polynucleotide sequence. In some embodiments, in preparing the
oligonucleotides based on the method above, the search of the sequence can be limited to a particular
size "I", for example by about 1200 bases in step"@% for selecting a reverse primer. In other words,
following the identification of a forward primer based on a sequence difference, a scan is made in one
or the other direction of the polynucleotide sequence to determine the nucleotide distance to the next
mutation. If the distance exceeds the set limit, a segment that does not encompass any mutations can

be created to bridge two segments that contain the two distant mutations. The scanning process can
he raiterated at the noint of the nevt miimtationn T0D10A1 Ac noted ahove the nlinoniiclentide nrimeaerce



WO 2009/152336PCT/US2009/047046 Atty. Docket No.: CX1-018WO0 residue differences. A substrate
or solid support for the array can be composed of organic polymers such as polystyrene, polyethylene,
polypropylene poI ( oroethylene polyethyleneoxy, and polyamylamide, I 5% E)(olymers and
grafts thereev? A sc%( §support can also be inorganic, such as glass, sﬂmaﬁg{))#tgr ‘ﬂ? pore glass (CPG),
reverse phagecksilicadf-tigtal, such as gold or platinum. The configuration of a substrate can be in the
form of beads, spheres, particles, granules, a gel, a membrane or a surface. Surfaces can be planar,
substantiathplanas; aronoaxplaacd Sqlidcypportsicamberperous et fimnsporoushandscan have
swelling qt non:sWEHnG: ShAERGRIISHES .4 RRliSiSHRREML£AN AR GoRfighred #dhe fogm of a well

depressmn or otﬁ/ er container, vessel, feature, or location. A plurality of supports can be configured on

an array SEpABIE oS tBRLY aﬁ%‘é%%l‘éa’?dio%bﬁ’ér&%%m & PEHEER Y S BY G5 on methods
and/or instymentiffirsemns embaodimethtscfhensubsirate: b readtitn sizambethGommivigngially
a‘/a"ab'e59@9&8&%{&&5%&9{3@9&%8&%9%ﬁg&%9&&&@%%&%&% HORIRIBS, 24, 96 or 384

reaction chambers. An example of a reaction chamber is one g %96 microtiter wells in a 96 well

microtiter STEEESTOPED PF HiSEcamnERSYi iR are e 6 StRrlpSR H%ssociated computer system
capable o 6@8"%@9@'%89“ SLOUTEL BALSIRIT HSALTAK FARDEHRLIGdaledhan, @ a reaction

chamber ents erase mediate amp lification can also be delivered to each set of
primers |ﬁliFfet?é‘a“(?ERWPéhﬁﬁﬁﬁ@iof@lFBW@&@V?ﬂ%61@%%%ﬁ?ﬂ?‘8¥%??8?ﬁﬁﬁ’ﬁ€éﬂ5ﬁ%?ﬁﬁ?@ (such asin a

automateghthermiocyitien <k ksdalowsifoemhationsefrancadtiressalle, substrifteof ontaining defined
ampliconaheg g, AYSIARBING-RAmENLS RlaRolRaIealts RRaNe %&B&E%%%é@tem can

choose the appro riate set of amplicons based on the desired permu n of the amino acid
sequencetthe fah RN e ToPRRPHfREO A2 FHHE AN AP FBIRURISHEEE BPSHIEE, 25Kd deliver the
reagents feqifie gesemblysdndianpldicatiaryeastionaiun exemplaiynrdboticsystedmisnprovided in FIG.
6. The robotic SysismRE GG 6oMRtisss instetions fordalselecling A Soment.and associated

amplicon for amplification, &% entifying forward and reverse oligonucleotides for the selected
fragment fFBRCAATHRRARY St G‘ﬁ%{f‘é"iﬁ%ﬁ‘rﬁ%ﬁéﬁ‘lﬁ%’ trE°BifyBRETIEO LS & 1K%Y nique
oligonuclestidpis, egunSit- vudibrnichetiteffplatel ardrplacingrthervligonitieotidespommatfirstsaddressable

substrate {£); SIQHIRP AR Hmﬁé@no%%m{a@%e@k fragment. (@, p@a&%@&@ﬁ% sequence,
ollgonucleotldes used, etc) to list of unique fragmentsi an r{ﬁlacm t e ogwcleo ide 0{5 second
addressaBRPUtsHAl: O(E)S%Oélfe ?ﬁl%"’tﬁfé W REBER S PP PR AR 1Tect against the total number of
fragmentuey wiressfa2 Eszemiohicantvibesertivrdesteds Paym(df)smr%ﬂﬂaﬁmﬂa‘g‘dw@%a%ﬁest@een selected,
(e) placing.the@ssemblad.generniq & thisdsaddiessalie, a@b%ateﬁaa@l paiigating stenrs fa) to (d) until
all desweqbvarla ts have beT} %ene{ated 010 In SO trinb dlm% t§é1 ggsentplsclosure also

ases Or CW as 4. bases 1n T1CTa. g nr%ILCf'
provides IiBF&HESD ynuc ragment §ed amplicons) for as ing a pluranty o

polynucle@ﬂde@@ﬁé@éhﬁ@odfﬁéﬁé e oA @d@@ﬂ@%@@@@ﬁﬂ&?@b‘%&m&@ﬁ@“ Bocket No.:

CX1-018Wfd 8&ick SMUARGENE TRV RS « ik FOMaembedimentsidhs ph{fcaﬁﬁ)éﬁfs@@wauﬁ;leotides
comprlses d%’a'f'a&'ﬁ%ﬁ'cqe fra ments wth overla p| ('/ngap dAacent gegg%@beach X E'ylgtll e“qtlde fragment

a TS Qrc d 4888 0T
being bouhde %y prlmer(b ng sequenceslfor or d'reverse primers, w erein‘the plurality of

polynucle tfm B%&Wﬁ@ﬁﬁﬁl?ﬁ@%ﬁﬂ?&gﬁdﬁﬁﬁwmﬂ%‘B&&ﬁﬂ%@@ﬁ%@ﬁe@&%@'f'c amino acid

residue difference from a defined plurality of amin ?fCId residue di fference reI tlve to elference

amino acit 83 0RIFREISHE R thes BRIBIR 5t BB MR- idE" ra’gr%%ﬁr sf‘%ncd’c?ém i 6t selected
plurality opelrmireacidi residuescdifferenbesfrom ankrb@eﬂne%ﬁ@w&htﬂ]wﬂamm@aaémlr@eia@e differences;

and Wher%]}m%194%1&@'4%9&@9&&/%%9&@%J@Qlﬁl%&&%ﬁ{@ﬁ&ﬂ%ﬂﬁ@ﬁf&i@i%@%@ﬂiﬁ fiwo or more

different aming acid se rm S o t deflned INo a dlffe ences, |
embodlments e %I’ura%jlt’mo% cp?/huéh L%glc"luragh%cl;ier]ftlé comi"|brgr‘li’§ae(§I %Ia efé (?gﬁltleg?s%r a%sembllng
all of the pisbiblezbaring oich Setjueh depbrhstithtiblss. Siraidsidetely lﬁlmﬁwlﬁf%ﬁ%‘iﬁb acid residue

differenceg:dsheomia ambadirepnts.qihemembarsatihe pluralitysapacroplicessdarmed using the

forward and reversg Primebrs.
incorporated lerem by reference.

[6492] In some embodiments, amplification of each ampiicon can be carried out in separate
reactions, thereby minimizing the need to isolate one amplicon product from another amplicon.

However, the amplification reactions for two or more amplicons can be carried out in a single reaction
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[0109] As will be apparent to the skilled the artisan, the methods described herein can be practiced
using standard techniques available to the skilled artisan, such as that described in Sambrook et al.,
2001, Molecular Clonin{%: A Laboratory Manual, 3rd Ed., Cold Spring Harb%r h}aékz)oor%g%fress, NY and
Ausubel et aY"(’ﬁ%l% ent Protocols in Molecular Biology, Greene Publis ing Ss0diates and Wiley
Intersciente, ¥ updatedup to 2008). Oligonucleotides can be synthesized using known chemical
methodologies, such as those based on phosphoramidite solid phase synthesis methodologies (See,
e.g., Wrighid eicake L0 Zokalfahenl to byl aiteipbdesdf Sr3diho Samither s O8ihAta(Ghein. Res. 24,
278-254; pRAElSIRosR SR IeTan d9h Al dlaguRIayrled NSeln A1 ROMBLIEL Iplemented

systems in the form of computer software for carrying out the methods described above, In some
embodim 8PP IHEEIRTSTY: Brogiire HiBauA Edimsks tiihichirenRRdim ety &aitddium having
program instrieiiaapiespaptising codes for each of the steps of: (a) importing a reference sequence
and a list of mutations associated with the sequence, (b) creating list of permutations based on the list
of mutatiodf§9%¢)Teatetirig the delimedcpbiauration BRtrvasniide wildsalsiertaning dddntifying
overlappiRgyRabimciaatids Fagroenisifrom alibsansgfamplicans (@angasdrenateddadzia. 5), (e)
determining (e npmber of yavianis andf the number alariants, s 655 han i tofal,nymber of
desired variants, rel%era(flng steps 68 to 6&& [%T fh some em ooﬁmrgnts, the ¢ m%utér program
product cétfprides Honaehple featabieostorade dreditah¥id ey Hrogrmestiue feisicomprising codes
for each afcthglstepaplica) srlesint-povariafiid prhapine agidskguanserpesthiatienyand generating
i correspaninanINCIseIde sedancEhased RuALalsiace samense- (A GlealaA foard

. C X .
ohgonuclé’o%e primer for a fragment with a first mutation, (c) scanning the sequence from the first

mutation fSeHE e RESTRERITSP i6' M apliF o WO 200514 SP3BT E1Sh 8185547046 Atty. Docket
!\Io.: CXlﬂiﬁ\ﬂéﬁb@h:&a@@fﬁiﬁ@dn@ﬁ&ﬂﬁﬂ@gm reyerae p&igmmmleﬁﬁ&@immaﬁgmﬂslth@ﬂmxﬁmmmtion, (d) and
if the nextpm%&ga%}ia% RIOmAtee.he firstmyiadion. placing e nextmusalienan.Hesame forward

oligonucleot reiterating steps (b) to (d) until'ends of polynucleotide variant n is reached. [0112]

As shown*ietRRNIfdR RatyRear R ddrepsrbledocaieriese Bl tt Snsp et i bR TSP BraliFrams for
selection of pheaniglitknsyedlectiphuafligligohiictdatide priherscanrd stonagenncadolressailel lotmats
can be intgglqﬁ&g]q&pslgermit automation of various steps of the methods of the disclosure. [0113] As
described herein, in Some embodiments, the method can be used to synthesize polynucleotides

encoding peypeptidas havdaghandelisathse! ohmiiaiions selegiedilapra;pluralityieé)defined

differences,jn aming ackl ssiduss, rom 2 delsrence seauenes, e Meteds.arsin algy,offcien

synthesis%r?li/lanous permutations of amino acid sequences based on the amino a id residue
difference¥ iRt Bythe sl ISPkt EErirY RAmBaE MG 2878 4BEEE Bermutations
is useful fes@vasigty-piRteiNMeRgineat ngrapplicat dis:tSead eagantd Sanpplicatiorpudilieaiion

US2006019594 /; S 9@8@1&?#9&?&&@&%%“0”- U520050 153417; and US Patent No. 7,220,566. In
some embodiments, fhe methods can be use to synthesize polynueleotides encoding enzyme variants

having impyeyedreRerinsikassd.a;arsalelmutationsisnaws tosakiest ditferentriopgities of the
enzyme. For exa le,.some mtgtations an affe(:tb amon thers .enzyme activit theimat stability,

CRCQ ﬁ%n%ﬁ): pc&tié/}gc%ﬁdel 0 ;tnta{est. 1 somc embadimen ¢ 1'?ac’t1 n condifions canﬁée 1C same
substrate SpecIiicity, ‘stereoselectivity, stereospecifiCity, and refractoriness to product

conditions and polymerases used for the amplification reaction. The assembled amplicons act as

primers such that a simgle round of replication creates a duplicate of the assembled amplicons.

Generally, in the replicating step, primers that anneal to primer binding sequences that flank the

polynucleotide (i.e., terminal 5° region and terminal 3° region) can be added to amplify the

polynucleotide product by carrying out additional amplification reactions. In some embodiments,

these flanking primers can incorporate recognition sequences for restriction enzymes to ease cloning

of the synthesized polynucleotide product into plasmids or vectors, such as expression vectors.

j0096] In some embodiments, the flanking primers can have sequences that allow for direct in vifro
expression using a coupled transcription-translation systems for synthesis of the protein product

without the need for transformation into a host organism. Hence, some flanking primers can
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inhibition. While traditional tecimiques of random mutagenesis and protein evolution techniques can
lead to identification of mutations affecting these various enzyme properties, many of these mutations
can occur in&ﬁp?ﬁgﬁ@gﬁof the others. Using the methods herein, variousPEztcl,,U 2t0%ti/(3£17s of mutations
affecting differén raits, such as enzyme activity, substrate specificity, and Fermals‘stalgﬁ?ty can be
made and§crestEidd T tEritify engineered enzymes having desired multiple altered traits. [0114] The
methods provided herein provide surprising efficiency and accuracy in generating large libraries of
polynuclemticie e ants ot osqafista ¢ vanton shpexpredationsiof gegueneacliangein-or example, the
protein seqyence fof H@L%&HLQE&'g&&a{‘ﬁaéﬁzﬂﬁéiﬂ%%ecé%pg)aﬁﬁ? 'ﬁhﬁﬁgg&ﬂ&%ﬁ%ﬁ% (pegession:
0i-92090602-sp-P10867.3-GGLO_RAT) can be back-translated to provide a 1.3 kb DNA sequence
that can B8 Red S irsmprisnofd¥esiyn 90 polynucleotide variants, each encoding a variant
polypeptig&@gzﬁw'&ng a different com ina}tio 01; Iré)m thre(? #%tfgil)égcgg?ino ac@q S}JbStitUtiOﬂS. For example,
stituti

. BSOme S 1ment; € plurail LINo acl s af least 2, S C . .
alistof 9 perrlnutatlons of from 3 t0 % amiro acid sub ons can be sefected from the following list

of 10 possitedsuptittigahsaite S nposkidgiBencoIysdear 21 20, 22516, £3028; H38b14Y3700, and
K423N. The 8Gdifferentqemmuiniinns-ef annine-acid suhsitutions |reodad-mnihe palkynucleotide
variants were as, follows: D95A/F302S/H3301/K423N; D95SAIF302S/Y3700: D95A1G1755/H3301;
P S L S B T A S
2009/152838L &S 206G R 00E ARy DoRREPN 6! X PENE DS RIO PSSTRDY B BIH3301;
DI5A/G11GHR 21 2Bk Y BT0GHKARIN:1D 95 Ahd 25 HE MEI0RB 42BN ; IDABA/ BB EAIR0M:

DISA/IZ51E/KAGS L\Jﬁ}l%?cﬁﬁ{ R o4y él%??%%%%%%%ﬁ%%%ﬁ%@? 3 @2&%@!&%@&?53025;

D95A/S156N/F302S/H3301/K423N; D95A/S156N/G175S; D95A/S156N/G175S/H3301/Y370G;
DI5A/S13BRIG T SME1ETHt T SIBYSN ASESIE L 25 1re asbrtiprab alis tEe RIS PE 2 3N: DISA/S
| 56N/K428Nas1396A 18 156INIR 21 204hRGE Hiffe302 SR 30 / Kd23 M4, 7o SARBARHSHY 3A0@EK423N,;

01755/ H%%%%%%N&é%@?@&’é%ﬁ%Eféé%?é&ﬂiﬁ%@%%?@é'dﬁ%%&&%%?&@%%h%&% o E/H3301;
G175 SIR212D/K423N; G175 SIR212D/Y370G; GI 755/R212D/Y370G/K423N; H3301/Y3700/K423N;

125 |E/H38ePRAEH61: tansh i bs iuaodnas 67 iiss RS AP S BO UGNV IR 2 § BT ResoB & 1D G /K 423N: R2 |
21D/H330HAR 3N IRRHADHE PEAEIESOR S22 12 DRI EARFBO2S/H BBk cR2MADIEREEE/Y 3700

R212D/1450 EdlaY aﬁi@ﬁﬁ%ﬁ@l}%@ gsribis A S 4N GHRAAKA 23l 121 4GNERQZS/ Y 370G;
S156N/01755/F3025/Y370G; S156N/G175S/1251E/F302S; S156N/G1755/K423N; S |

56N/G 17 58RI said ATFEANRY  B9PSGaRALSBi. & Barposefiearsangemprise is
SI56N/12B1BH4330129.3P06; S136N/D26TE/HIFVLAVBTQULML3N; S156N/1251E/Y3700; Si
56N/R212D/F302S/H33011Y370G; S156N/R212D/K423N; T28S/D95A/G175S/F302S;
T285S/Dos RN sty of oy ierashpys HacrH a7 ragsy pYBry gt de-encoding a specified
T28S/D95AR2 bGE /RS KARM0T B&SIDABALRAB2 I BNTRAS/DOSALSIBEMIH 330 Y3TOG;

1283/ D9g§xﬁ%§@ﬁ4§% %?QﬁgTi%é%%/ DPNSIANRELL e 2RS4 Q?g&@%ﬁgg%ﬁ%%ﬁg 0G;

T28S/D9 370G; T28S/095A/Y3700/K423N; T285/F302S/K423N; T2 S/H3301,

T28S/G 1-78@%3639}%5?86? having an amino acid sequence with one or more defined differences in amino
acid residues as comparad to a reference polypeptide sequence can comprise the steps of: (a)

assembling a set of amplicons having complementary overlapping adiacent regions, where the
assembled set of amplicons comprisc a polynucicotide sequence encoding an amino acid sequence
with one or more defined amino acid residue differcnce as compared to a reference sequence, where
the amplicons are selected from a library of amplicons having members encoding a plurality of amino
acid differences, and (b) replicating the set of assembled overlapping polynucleotide fragments to

synthesize the polynucleotide of interest,

[0801] In some embodiments, the amplicon library can be used to generate polynucleotides encoding
any permutation of a defined plurality of defined amino acid differences, the method comprising: (a)
generating permutations of amino acid sequences differing from a reference amino acid sequence
based on a phurality of defined amino acid residue differences as compared to a reference amino acid

sequence, {b) selecting a defined amino acid sequence permutation and determining a corresponding
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T285/G175S/1251E/F302S; T28S/G1755/1251E/F302S/Y3700; T28S/G175S/1251E/H3301:
T28S/G1755/1251E/K423N: T28S/H3301/K423N: T28S/1251E/F302S/H3301/K423N:
T28S/R212D/F302S/H3301; T28S/R212D/H3301; 1285/R212D/1251E/F302

T285/R212 fz%"f@?’é%mmzm T28S/R212D/Y370G:! T28$/5156N/F5% ?ﬁﬂ?ﬁ’@i/‘?f‘é?oo
T28S/S1836NIEBO2STYETHP T28S/S156N/F302S/Y3700; T285/S156N/G175S; T28S/S156N/G175S:
T285/S156N/G175S/1251E; T28S/S156N/G175S/1251E/K423N: T28S/S156N/R212D/1251E/H3301
T28S/S1 56 NARARIN 12l 23N andT28S/ShEaA/RPER RKARB . J@tkpioftware (e.g., as

described IV RISIAR )AL BE.MSECLR ARIRIING AulerLal SN om AP QRe. RiESRANCING 10

polynucleotide variant fragments with overlapping regions o0f sequence, can be used to assemble the
90 poIynLR?]%”&PBE‘%/%?i&‘?ﬂ&ﬁf‘%ﬁéﬁﬁﬁ‘%@@@%ﬁ“@ﬁ@ﬁW‘@‘Bﬁ%ﬁa@@& BlFBY tised to determine
that a totabbmhoriby2R2 tligonuctectide: giffaers larevnesdecthinibSidepdifateRountEiRE@ER reactions with

the 1.3 kl};ﬂﬁ&ﬂﬁ‘?BPﬁaQQJé{Réﬂg’%%e@s%@ﬁ@Blﬂ% Lgsaﬁﬂ@@%ﬁ%&ﬁfé@&%&@é@ﬂ@ﬁ'%ns The 22

oligonuclegtide primers are only 30 or 33 nucleotides in d include "W

2009/152%8815E FRISSGHS U8 ER 2 1Bt ke ?ﬁi?m@’?%tt}leMﬂ%ﬂ‘é?ﬂﬂeﬁfﬁ%’é@%ompr|S|ng
nucleotidéashangepimthemidetepithelseguertenieagl, (at npitientidesstbelapfldb] Thus, in

accordange.withithe-meihads diselesedDetgin. SR URAR Ofths. P.ifferant pRlyauglsptide variants

requires syntheS|s of onIy 22 relatlvelg short olggnucleotldes (30-met to 33- mers), a first Round 1

PCR reactiBR 8 i SME I BB HHiISRcBRS P! SEIiHGEraBRas V& nt fragments), and a second Round
2 SOE-PeR yeagtanin Lg%hcig@% PR %%Pélﬁ]gﬂﬁe%r% 90 ‘{‘fjmm V’a}{u%%%r OQ%QIQé%in?O(aWIEh forward and

reverse flanking rlmer allo E-PCRassem the 90 polynucleotide variants. In preparing
the Roun§%50 ﬁ’@ﬂ%‘?gé@ﬂﬁﬁ%’o@alﬂ*}tdflfﬁé‘)S@%ﬁ?ﬂﬁﬁfi?ﬁﬁs%ﬁﬁ’ﬁf@?&ﬁ@@ﬁﬁ%@%@eﬁ@tlmes with
certain fragmentsutisedsemycaneein thiceqand gthers:tises IRsananyhasid6 tmeso]Gkl#] dhe workflow

of the Rowddand Rand: 2/ sasilansan ke seaualied, Bueofiuare-generaind pagkiists (e g, as in

Figs. 4 and 6) which are used to run the Tecan robotics for the liquid handling. The worklists for this

illustrativé 8t GarantBraRcdohetletbls EasmeroRRPELe TGRS HENUTEY BRefABERE S he Round |
PCR readiigh$ 10 qénerateithe:Sbvampht onsusing Z2hpnmars, cineriomtyid86: liguichdrardling operations

for the Rounfl2 2 QERERARSeIRMISAGHRANS) 1@ Rrepare the 90 full length polynucleotide variants

from the 55 amplicons. 101181 The accuracy of the polynucleotide variant sequences provided by the

methods gisoised breein §ﬁﬂ1@§s@€iﬁi’ﬁiﬂf)ﬁ§bb}ﬁﬁtﬁﬁﬁ@&ﬁiﬁ@&@élfi@@i@x@:@ﬂ@&ﬁﬁ%ﬁ@ﬁmg each of the
plurality of 6008 tructs rom the ﬁpcm?d 2.e ctio NS, AS |Il%st([ate Sb% the %llzﬂ (?r?pl Iow) the methods
per

are use 1 an am 01} TC4C1101. 111 CIiE TCTY é
disclosed'herein resut in surprisingly % evel of correct sequences ct (PEP)

sequencé%raWQf"éféﬂWWH}@ﬁoﬁgv Wﬂ@%@b"ﬁﬂﬁéeﬁdéﬁﬁ%@éé PEIEHEY{O the reference
polynuclepiiahetafiihl 9 .Alle ast seqneef thesupising atvaniages afitheqnethods:disciosed herein are

in the gregigy 1%?%‘1&@8}{@9 AR %[9%&9%‘&19&9%%?ﬁ’&ﬁ'@%f‘é@ﬁ%@%&ﬂ%@%&%@%&ﬁlﬂ% gmbodiments,

the methods can be used to prepare an addressable library of at least 10 different polyn ucleotlde
variants, E4CPEBRIBHLTAY St TERSMs e BT Rley Leafiaria ditferiirclo BRItV AT st
polynucleatide:#eguendenwhetiéisaiteast@navweiagepolynbleoiithedqoalyn amiedm’i@mmant sequences

are correchSeAUeRYE AR Shol e SERLEASRR COMATRGNeull Bt EelRg R spAence with the

defined nucleotide differences introduced by the primers used in the method). In some embodiments,

the methd§SBrEEE SR St R LA TiBrsF &t Bt'ie Qfﬂtﬁi%ﬁq‘f?ﬁccﬂ"%“%@“%a%ﬁm%l 100, 150, 200
or more diffatentiffolymaclebtideivariantsqeachpeomprisngiat ieastoreidefintdiseguentd difference

relative t?a?hﬁ@xf BLORCS RINVACIGRLIERSROMERCS W RSFEIRAL iﬁ@éﬁr?&{ﬂy%%dﬁg%k 096, 95% or

greater o Fhe polynucleotide variant seq[ijences are correct - e.g., FLP ¥ sequence analysis.
change m po ynucleotide sequence in b

he same forward primer if proximate to the change M
polynucieotide sequence; (iv) scanning a polynucieotide sequence from the location of the forward
primer until the next change in polynucleotide sequence is identified or until the end of the
polynucleotide, and selecting a reverse oligonucleotide primer for amplifying a polynucieotide
fragment with the forward oligonuclectide primer, wherein the reverse primer hag a sequence that
optionally encodes the next change in amino acid residue difference; (v) retterating steps (ii) to (iv)

for each change in polynucleotide sequence encoding an amino acid residue difference until all



WO 2009/152336PCT/U52009/047046 Atty. Docket No.: CX1-018WO0 [0120] In certain embodiments,
the methods disclosed herein comprising a plurality of Round 1 PCR reactions using a reference

polynucleotig‘%tmlg(%gnd a plurality of Round 2 SOE-PCR amplicon aﬁﬁ%rfﬂ% 0?(;&99&113 can be
used to prepare an addressable library of 10 or more polynucleotide variants of reference

polynucledtidesat Ba8£%E00 bp, 750 bp, 1000 bp, 1250 bp, 1500 bp or more, each variant comprising
from about 1-30, 1-25, 1-20, 1-15, 3-30, 3-20, or 3-15 nucleotide changes relative to the reference
polynuclegtids;s wheieindheiRound:kPERmeachons gomirisé-aboutt808:d6 « 260, 6-100, 6-50, 6-40,

6-30, 6-25,6:f0efrd e Rukand: Wadlfersnioliganurlaaideprimers Ancanlpast 75% 80%,

85%, 90%, 95% or greater of the polynucleotide variant sequences are full-length perfect. [0121] In

some emBERHERETS AT IBEMRLHOR LGB SyHGE B TR 18 5o YEE A4 Fm an
addressatheslibnany) Cdffherassémibledemtodancaid drbss ableliigraihopgplyniacidotidmamriants each

encoding adifferealoaHartRVRERIdGe having: & definrdaming acidesidug.difgrance. Each of these
polynucleotide variants can then}ﬁ)e cloned info an expression system to generate an addressable

library of BISHBSPEREN %5833f8t% é?}llee%ttlﬁ%]goaﬂéﬁ arert 1\1/%1rian_t polypeptide. This addressable library of
clones c ﬂﬁifrﬁﬂﬁi%'fﬁﬁ 'I%Qe%ﬂ;&- g@l&ﬁn@'t}_‘r‘eozll)ﬁ:fo%rﬁgt@'}5’11@%%@@&%‘48%%%Fffr%%'{ﬂgeﬁ”d picking of

colonies (i.e., viable transformants). Sequen_cmé? en can be carried out to confirm the combination of
mutationdii &ach PaFintpby peptia dsedirined s 6 igarrrataes IERSy (@mgrissia BighitRTBUghput
screeninghofithenvaniantgohgpeptid esfotdesjred aiteradhtraitsocarpbelngrriedwaitcnideall of the variant

p0|ypeptig&&eﬁ’&%&%ﬁ:‘&%‘B’r&@r&ﬁb’s&HQ&@c‘!ﬁﬁ%%Qﬁya%wgﬁ%%ﬁémﬁﬁﬁﬁﬁg%‘?Q%@r%ﬁtha“”9 the

desired combination of mutations. [0122] Alternatively, the addressable library of polynucleotide

variant edBH @RGP eifra SRV R S5BRIP4 g R R g BB T esia s difference
can be combirfiéd feng sndocistizancd clendddntolandxpressionisystemutitene 4y endafithg aypooled

library of glanes, Thissaaaled likrany afclenesican e Hansioimed{end sifasingle transformation step)
ranslation, plating, and picking of colanies (i.e., viable triensformants)..Assay of colonies

into cells for t | )

from this B%ﬁ‘é‘t?iﬁﬁ?ﬂ?%‘f“éﬁd e PR AT -25&%@9 (Y SRR ChRAVARFS YT BT iy Blefore

- sequenci . SnI}iD l\peu%*!_ ide or. né Se\ri;]f cgr i ol C (Hj 1a}:% \f/:iel?l g r“;: doull Eed traits.
Once suc@ﬁﬁt\l‘q&r a%dg%eé{red tr%agi)%llgs %@n‘%?e%, it %a% gelgg%{gggc{e ?o ?ete% EEtt%e ié%cific
combinat®iTTBPAtiatesRE T AsEaet T et polomiefetdde vararineBgtie w28 pid IR those variants
encodingpolypepiides nat haviagdhedesite dalteredstraitshsoughtinyassayinéed not be sequenced.

Accordingly, the pagled irary ot clones.meihod capprovide mote&lisanay Py eayling.only a single

transformation rather than a set of parallel transformation reactions. [0123] Analogously, the method

can also BE2EEN S JEREraTE M 5 P rRlitatoRe AL tbR SR NA BRI BT He structural
features giohiologicaliydmpertaht proteinsedEocexanppie; iy @2000/1RIZBPRIVUGIRO9/047046 Any.

Dockel N(ﬂlét%]abgg‘c} t\é@earch of the sequence can be limited to a particalar size “I”, for example by about
1200 bases in step (iv) for selecting a reverse primer. In other words, following the identification of a
forward primer based on a sequence difference, a scan is made in one or the other direction of the
polynuclectide sequence to determing the nucleotide distance to the next mutation. If the distance
exceeds the set Hmit, a segment that does not encompass any mutations can be created to bridge two
segments that contain the two distant mutations. The scanning process can be reiterated at the point

of the next mutation.

[BE06] Asnoted above, the oligonucleotide primers, either alone or in sets {e.g., forward and reverse
oligonucleotides) as well as the corresponding amplicons can be placed on addressable substrates for
automation and/or storage. Oligonucleotide primers in the addressable substrates, also described
herein as primer array, can be robotically accessed to synthesize any libraries of amplicons for a
defined plurality of amino acid differences. Likewise, the amplicons in the addressable substrates,
also described herein as amplicon arrays, can be accessed to generate a polynucleotide sequence

encoding a desired amino acid sequence permutation based on the defined plurality of amino acid
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receptors involved in signal transduction of extracellular molecules act via interaction with other
receptors as well as various intracellular proteins. These complex interactions.can affect different

cellular sign&j@gﬂggﬂgﬁgies from the same type of receptor molecule. B%p@ggat[i’g% 9,996 positive
It e

signaling can be initiated by the same receptor. A specific example is G-coupled protein receptors,
which intéract kit 18y, " ¥4, and Gia proteins. See, e.g., Morris et al., 1999, Physiol. Rev. 79:1373-
1430. Because mutations at different domains of the receptor can have different effects, the methods
herein prossdecaiifieffisientosolcess forsgeheratindodiffe peny perrutationsdoff mpdationigombinations

known to affee! gITRAROLASASEHS RRISRRAIE MR Ahathy RITRiRRG MHAIRS g the structural and
associated FOIOflca functlgns of the protei oférr%%:?érest [0124#Whlle the methads for, generating

different PERATYATBNE 8t XeBSR Hreborde 2d st STRA e L SHRRH AP S géhératihng
polynuclewtitlessnecding vatiols pernginatiORS of apolypeptidedromegdefihed ¢t of amino acid

residue diffgrepcesndtis i baivnoersiead:ihatthermathads £a.e adanisd-aeneralyuier generating
permutatigqsa%f pt%)llynucleotidf seggr nces. For gﬂxamﬁ;:l)ll)e‘,t atrfllﬂea I|ine}hods herein can I%%iﬁsed to generate
| p | '

. (o (5] Anc Q SUriace. es can ben 134T, anay, 0T RoN-pildanazy .
different permu atons of fuiicticha oaﬁ/nuc?eot} es,’such as g% 85%or rilS6domal s. Various

rRNAs fosmrrnuelempgroreinieonipleresithatpeatibiyate thipeoteinsyrihies dureprokany otewkhd

eukaryotegphianynartibigliss unetionby disrsnting.dhesomefuncienpndaie, kamw s interact with
defined rqgg%ns of c rtalip rRNASs. Various ml%étatio s have be$n identﬁifieﬁl thag dadg%g%%r%?in synthesis

10n, A plura ors Orts can be con .BEPOH an array, gl varipus loca S ;
and these T&gIoNS &re Cotrelatea with sites of Tteraction With antbiotice. See- e.6.; Yasein et al., 2005,

Proc Natl'NpatcSeliversal 102qa6)e1 B 20t G828 odos)ds g tectiethicemauskeibeertietsin, various
permutatignsuaf-knewacnwdiatiansaifestingsingsomabIRNAfunclioncan:he synthesized and the effects
of certain combination of mutati amjped. Qther applications will be. apparent.to the skilled artisan.
o AV e o S ST et o
Oligonucleslifesritgie et gooiRitane it atigntEgertittited to 4uM with sterile water in an Axygen

HalfDeep .AmL) plate. For most positions on the microliter plate, adding 10 td, of oligo to 490 itL
120 w0 T B o D01 SR PR BT DI SR BTATERAES bommon fonware
and reversenplirp ersncs|argemvopam drenbip drerregeandd Wi ndglkim treneispirsgionneiuntes in the output

report in tﬁ@a@e%@&%%%@ﬁ@le?ﬁ%@é@té@iﬁ@%aﬁ%ﬁ%ﬂ ARMVES ié@ﬁa@éﬂﬂ6@&h&ﬂﬁ>ﬁiﬁ@r@-ﬁ[%£7] Round 1 -
Formation of Am&lic%ns 1¥ PCR. Teclan robotics. are uﬁlﬁd to aliq%ot itL, of each forward and reverse
tion chamber <) Y

oligonucler%at(fd(é primer |r§b o BioRAd Hard aéﬁﬁé%% S Trecan s8pte

ates (ﬁ'ecan cript oﬂ}ﬁﬁﬁt%%%e 0 add 40 p.0 of

master mikerPeristen - Rourd o GRvameh vérifpdinspifitcatibrireisipgaipos d8ipe pmpfoons based

2009/152336RGahilo 2009404 0460 MiyucRockel-lRricE X0 BWOsystem can choose the
appropriate set of amplicons based on the desired permutation of the amino acid sequence, the
flanking primers for amplification of the final polynucleotide product, and deliver the reagents for the
assembly and amplification reaction. An exemplary robotic system is provided in FIG. 6. The
robotic system in FIG, 6 comprises instructions for (a) selecting a segment and associated amplicon
for amplification, (b} identifying forward and reverse oligonucleotides for the selected fragment (i.e.,
amplicon), storing data information on the oligonucleotides on list of unique oligonucleotides (e.g., 96
well microtiter plate), and placing the oligonucleotides on a first addressable substrate (¢) storing data
information on synthesized fragment (e.g., position on array, sequence, oligonucleotides used, etc) to
list of unique fragments, and placing the oligonucleotide on a second addressable substrate, (d)
determining the number of fragments selected against the total number of fragments required for
assembly, and reiterating steps (a) to {d) until all fragments have been selected, (&) placing the
assembled gene into a third addressable substrate, and reiterating steps (&) to {d) until all desired

vartams have been generated.

[6108] insome embodiments, the present disclosure also provides Hbraries of polynucieotide

fragments (i.e., amplicons) for assembling a plurality of polynucicotides encoding different amino
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e-gel. Reagent for the PCR is as follows: 5 gL 10x Hereulase buffer, 1 gL 40 mM cINTTPs, 1 pi_ of

100 ng/gL of SOE template, 2.5 units Herculase polymerase (Stratagene, LaJolla, CA, USA). PCR is

carried out as fallows: 2 min denaturation at 95C followed by cycling at 9??@8%%}@?2‘}%f0r 30s, 72C
. For

for Imin/Kb. THe-nUMBar of cycles is 17. 101281 Treatment with EX0SAP-i ound 1 of PCR, 25

gL of the té&attith proddEts transferred to a fresh 96 well plate, and 2 pl. ExoSAP-It (USB Corp., Ohio,
USA) plus 0.5 pl., Dpnl is added and cycling performed (manual transfer 37C 1 hour 80C 15 mm).
Samples au® chilptact iemnfinabvolimenefh00dhinlyitheladdili onpofyAdcltutdds t26peaiae:pooled into

oo A A SHEACIC AR LR AR eln0 BT RCAN SCTIRL KPR ZiseRMDY of Amplcons

1]
and Analysis of Products 101291 Round 2.- Assem -%‘CR Tecan robotics are used to

aliquot a PEgEchBOPEFFAGHBR TR RELTIEEMBlCEHET B BiorStr B deRIEIPER96 plates (Mean
script outpolyracieotaiadcehd mphbefsmastesodix: (hagl-atlXiHe ceylasesBffgredifidahd 8cmlVI ANTPSs,

0.2 ILL of forwarchRrimes, D 2adkn0f FRVAIRS PLIES Seif sl SIS OUIR58.802 1 e 1BRE:€8. 1 4, dif20.
Perform PCR and verify amplification usm%ge}géoéog?ﬁ well e-gel. PCR is carried out as follows: 2 mm

denaturattSHr4 8 IBRER MG BHE ey SRS EYBIBHSYSE F PR The number of
cycles is pRri0g.30pe6wvell plsipuiification flfwrify ddfisehmblediusifgriiymodiRi®e PCR clean up 96

well plateg;franuiagty W&&K%@&%&Y@Jﬂ%@l@%ﬂ%@ HicatigRs L WnRReasatehn Gy USA).
Perform all centrifuge fc!5teps at 2

ntrifuge 00 rpm for 10 minutes. To elute the DNA, apply 25 ILL dH20 of
temperatd S5ECERALOR 1o ST PR B SPRRTEF DR BR AT S g this method
48-50 pt ofprodietisreccberddz j018ThRestdetitrfegryme Bullicigestions Fransfer 180 111 of each
purified ingetkiSite Aifsesh sasmiskired RERplale. padialdkd iRl digestiommastarix (5 pL 10X
NEB Buffer.3, 20 unf!t B%"egN?nW En%la d Biolabs, MA US%} 13%&#20 to eﬂ!msa les, and incubate

2 ehces. In spmeembodiments, the members of the aré am
at 37C fof 4hrs. eg [ @es ion 18°for ¢ annémln O’Eglisite of an efpress on vector. I f96-we|l plate

purificatiovsiRuhifyoattasé g kescosintgn®yimo ZR-96 PCR clean up 96-well plates (manufacturers protocol
with the fallowing modifications). Perform all centrifuge steps at 2800 rpm for 10 minutes. To elute the
DNA, appl§¥8lgts&iid6 %’ﬂ’?é?ﬁﬁ@ﬁ&‘f&?é“%%@edﬁ%“éﬁygfﬁ%ﬁ@%‘?ﬁ@Ssﬁ’i’éﬁq 1B CEhR KBt 1¢Fnin, and
repeat. Usihg: tiisdméthddiqd8: 5Giibloftpiadiidicbae cov erddas\Veriflepridd ot fenbieiyeusing a 2% 96

well e-gelygd 03331 Ligations.Lo LXRIGSRIRWEGIRr d BN el pbaach.puiifisddnsertioa fresh plate
and add 27uL of ligation master mix to the samplies. Incubated for 14 thrs at 16C ,foIIode by 15

minutes a?n%s%gt/ilségg% I(_;ng%%s/&%%uiar Biology, Greene Publishing Associates an

Wiley Interscience, N.Y (updates up to 2008), Oligenucleotides can be synthesized using known
chemical methodologies, such as those based on phosphoramidite solid phase synthesis
methodologies (See, e.g., Wright, et al., 1993, Tetrahedron Letters 34, 3373-3376; Caruthers, 1991,
Acc. Chem, Res, 24, 278-284; and references cited herein).

[01108] Alse provided herein are computer implemented systems in the form of computer software for
carrying out the methods described above. In some embodiments, the computer program product
comprises a machine readable storage medium having program instructions comprising codes for each
of the steps of: (a) importing a reference sequence and a list of mutations associated with the
sequence, {b) creating list of permutations based on the list of mutations, (¢} selecting a defined
permutation of the amino acid sequence, (d) identifying overlapping polynucleotide fragments from a
library of amplicons (e.g., as prepared in FIG. 5), (¢) deiermining the number of variants and if the

number of variants is less than the total number of desired variants, reiterating steps (a) to (d).

[0511] In some embodiments, the computer program product comprises a machine readable storage
medium having program instructions comprising codes for each of the steps of: (a) selecting a variant
{an amino acid sequence permutation} and generating its corresponding polynucleotide sequence
based on a reference sequence, (b) creating a forward oligonucleotide primer for a fragment with a

first mutation, (¢) scanning the sequence from the first mutation te the next mutation or to the end of

D8



Atty. Dockt_et No.: CX14J18WO0 65C, followed by 8C hold. Ligation mix: 3 pi 10X Ligase Buffer (New
England Biolabs, MA, USA) | gL BO digested vector (50 ng/gL), 400 units T4 Ligasc (New England

Biolabs, M hi?é%\; 11241 dH20. [0134] HTP-Transformarion. Transfer 2udcqf@asfyMigatieon reaction to
20uL of TS emically competent cells and incubate on ice in a metal block for at least 15 min. Heat
shock at #9E°f57 3586081 ds and return to the metal block for 2 min. Add 80 gL of 37C SOC media to
‘each sample. Incubate at 37C for 1 hour before plating. [01351 Plating. Plate the transformation
mixture ohdgewethdiviaeg Qdrays dirmpttetifepansDisfenrexttmedisnnith Baaidwuesich well of the

gdraytﬁﬂ,taga@o?qm&?a%% 'ﬁf@;ﬁﬁ%@oﬁ%@ﬁl@lﬁ@%§%ﬁk@tﬁﬂcﬂ%aWﬁﬂer)i{iatﬂSfOrm ation mixture.
row the transformants overni a lturine. For se verified plates,
request tﬂHﬁWB‘E%%{&TEécFB@“ﬁ' t")pvsvéﬁbe(8 |clﬁ f)wgox1 lﬁgkréé)l%d lunc tlat q("):L%it‘%ﬁr!:n%epIates coﬁtalnlng

o> CAVERGRC diNaos Jﬂﬁ@@ﬂgﬁsgyﬂmvmi@daxamt PifiesyifaueRlaLiee colonies per

Q-tray Wé e p|c ree separate Nunc flat bottom plates contalnln LB, CAM, and 1% glucose.
101371 G’&PWP@R%%@%%%BWW%@CBW&M ??H&k’twger%ﬁlggte r%%*é’ & 3ltes, add 2%”_ of
culture tostlie: standars.coteny-RERrmEstaremii andnperforivasiony-PORDE RSP 4f Beused to clean
up the P%Tcg) Qduct as follows: Transfer 5 pl1. of PCR sample to a new PCR plate containing 2 [iL
ExoSAP-it. Incubate at 37C for 15 mm and 80C for 15 mm. Dilute the samples to a final volume of 40
pf by addjng133 glaedeabbddertal B8h-Sequnnting 0 RGRIprocudtis nAddodyptiofimiM sequencing primer

o he sequencng plte, Ade. o of leae 4P L6 STPIG, EXATBle A3eReraion gl so o 190

different nue otide Vanants each encod ding a polypeptide having a smgle aming acid change
relative t&@@ﬁéﬁéﬁ%‘@%ﬂ?ﬁ@mﬂﬁld residues from a reference sequence. The methods herein allow

efficient synthesis of various permutations of amino acid sequences based on the amino acid residue
differences. Efficient synthesis of polynucleotides encoding various amino acid sequence
permutations is useful for a variety protein engineering applications. See, ¢.g., US application
publication US20060195947; US application publication. US20050153417; and US Patent No.
7.220,566. In some embodiments, the methods can be use to synthesize polynucleotides gncoding
enzyme variants having improved properties based on 2 set of mutations known to affect different
properties of the enzyme. For example, some mutations can affect, among others, enzyme activity,
thermal stability, substrate specificity, stereoselectivity, stereospecificity, and refractoriness to product
inhibition. While traditional techniques of random mutagenesis and protein evolution techniques can
lead to identification of mutations affecting these various enzyme properties, many of these mutations
can occur independently of the others. Using the methods herein, various permutations of mutations
affecting different traits, such as enzyme activity, substrate specificity, and thermal stability can be

made and screened to identify engineered enzymes having desired multiple altered fraits.

[0114] The methods provided herein provide surprising efficiency and accuracy in generating large
libraries of polynucleotide variants comprising various permutations of sequence changes. For
example, the protein sequence for the gulonolactone (L-) oxidase (GLO) from Raitus norvegicus
(accession: gi-92090602-sp-P10867.3-GGLO_RAT) can be back-translated to provide a 1.3 kb DNA
sequence that can be used as a template to design 90 polynucleotide variants, each encoding a variant
polypeptide having a different combination of from three to five amino acid substitutions. For
example, a list of 90 permutations of from 3 to § amino acid substitutions can be selected from the
following list of 10 possible substitutions: T285, DISA, SIS6N, (G175S, R212D, 1251E, F3025,
H3301, Y370G, and K423N. The 90 different permutations of amino acid substitutions encoded by
the polynucleotide vartants were as follows: DOSAFI0ZS/HA30I/RA23N; DOSAFI0LS/YIT0G;
DOSA/GIT75S/H330L; DYSA/G175S/H3301/Y370G/K423N; DISA/GIT58/R212D/F3028/Y370G;
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[0130] Experimental design: A reference polynucleotide of 1359 bp (encoding an enzyme 0f453 amino -
acids) was selected. A total of 190 amino acid residue differences from the reference sequence were

selected ba,?ﬁg H&gﬁé@guence changes seen in homologous enzymes. Jhe 36 wasaRts were made
as individua poﬁynue eotides encoding the 190 different proteins to be expressed and tested. Each of

the 190 polyriteldbtidsVaitants was assembled by combining two amplicons comprising the desired
single codon change in their overlap region (as prepared in Round 1 below) in a SOE reaction (Round
2 below) LERX0] DRGHADIEDAIE PEpPafaionRA IR TISER43RYo MIILAETEFaPaers¥5YNPCR were

designedrard syhesizrdiecorsing o siandardhmathodsydligenucientidesvgre generally 31

nucleotides (nt) WO 2009/152336 46 D NQ.. -018WO0 in length with
the desir&d ¢ b@g}%&@ﬁigéd% X %%e%égézgéégﬂgr%%ﬁiﬁcﬁg%E)%S%&@S(% the oligonugleotide
primer. ADGIgBhtEotTde SRR ail it dxey 4/B M ONItR S8R Wdtdyah an Axygen HalfDeep 96(1.1 mL)
ple}te- [Olléaﬂﬁwaﬂ/ﬂ%sfﬁmmﬁm%mm&g‘zﬁ: aehasyicamcorresponding to a
polynucleotide var , a [ i actor comprising 1359 nt
referencg)ég%//r%%cqg&gﬁ@?ﬁﬁﬁﬁ% %’%%@%%m@%%ﬁ%&%ﬁ%% ination Wi'fl)’l a cgmmon
flanking [HMEY aANERY 1t VBSOS e ATV oY BOWRSEE M 6f TRE/ R dohERHE ho mutation
Reactionwoskfioyy2condiions and/risanupweraassdgsonbedsm&xarmle 1. [0142] Round 2 -

Assembly,of Amplicons, RurfiedAmRl00s ipm Rowad d yefipolag susfidhaemplicons with

overlapping regions comiprising the desired codon sequence chanége for each of the 190
polynucl oI VA PRIS HH BN pBSI WHE BRGtad i e X RAESF 4°86-well plate as described in
Examplesiiand:21 Ceommonflankpp forsashandaere isemirerswere added10284¢€1@ool and PCR

was carrig)gj%gﬂg?rﬁlz%%g%%ﬁ%dsHg@?ﬁﬂﬁ%%.}r‘%ugifg;g_m%g%pﬁtﬁ%?mplicons (i.e., polynucleotide

fragments ngth po ynqcleotid’e varglant. Insgéz-ctlon of the assembly reactions was
carried ot SNER AGHIEEE AV Eh PWERE F Ui tdC B AIAPISHIcE 6 the expected size. (See e.g., Fig.
3.) SI156N/G1T75S/R212D/F3028/H3301; S156N/I251E/F302S/H3301; S156N/A251E/H3301/Y370G;

S156N/1251E/H3301/Y370G/K423N; SIS6N/A2SIE/Y3T0G,; S156N/R212D/F302S8/H3301Y370G;
SIS6N/R212D/K423N; T28S/DOSA/G175S/F302S; T28S/DYSA/GLT5S/F3025/Y370G;
T288/D95A/H330T; T28S/DOSA/251E; T28S/DISA/251E/F3028/K423N; T28S/DISAMR212ZD;
T285/DO5A/ST56N/HI30VY370G; T28S/DOSA/SIS6N/R212D; T285/MVSA/S156N/R212D;
T28S/D9SA/SIS6N/R212D/Y370G; T28S/DI5SA/Y370G; T28S/DISA/YITOG/KA23N,
T28S/F3028/K423N; T285/G1758/H330L; T285/G1758/H3301/Y370G;
T288/G1758/1251E/F302S; T28S/G1758/125 1E/F302S/Y370G; T285/G1755/125 1E/M330%;
T288/G1755/1251E/K423N; T28S/H330V/K423N; T28S/A251E/F3025/H3301/K423N;
T28S/R212D/F3025/H3301; T28S/R212D/H330L; T28S/R2I2D/I251E/F3025;
T288/R212D/1251E/Y370G/K423N; T28S/R212D/Y370G; T28S8/S156N/F3025/H3301/Y370G;
T288/S156N/F3025/Y370G; T2R8S/S156N/F3028/Y370G; T28S/S156N/G17585;
T28S/S156N/G175S; T285/S156N/G1758/1251E; T28S/5156N/G1755/1251E/K423N;
T288/S156N/R212D/I251E/H330E, T28S/S156N/R212D/1251E/K423N; and
T285/3156N/R212D/K423N.

[0115] Software (c.g., as described in Figures 5-7) can be used to determine a total of only 55
amplicons, corresponding to polynucleotide variant fragments with overlapping regions of sequence,
can be used to assembie the 90 polynucieotide variants in a Round 2 SOE-PCR reaction. Software
also can be used to determine that a total of only 22 oligonucleotide primers are needed in 55 separate
Round 1 PCR reactions with the 1.3 kb reference polynucleotide as template to generate the necessary

55 amplicons. The 22 oligonucleotide primers are only 30 or 33 aucleotides in length, and include
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[0143] Sequence Analysis of Polynucleotide Variants. After purification using Xymo ZR-96 PCR clean
up, products were cloned into an expression vector, and each ligation was tTansfomilled into E. colt

host cells. 'I;xv Lolopigsfrom each transformation were picked and plasrp@r%gw@ﬁa@pared for
DNA sequencing. One sample from each transformation was sequenced using sequencing primers

internal oM faRKinG the°gene. Of the 190 polynucleotide variants, 160(84%) were shown to have
only the full length perfect (FLP) sequence with the desired codon sequence changes. By sequencing
the seconupiasinivipreparatisingfthle@goduasnsinibe R ipfdbersercos KagifbRMevidect sequences
were identfiegl. This brought the overall success rate to 97% correct sequences. (185 of the desired
190 polynucleotides were identified.) The polynucleotides were expressed and the variant
polypeptiflad Gissayeth. duxadaple v enerations dkdset birg6, diffetresiiopoiihaSledtidenvariants each
encoding, 3,polpSRRAE RAYINg AL RMIBP ARG Changes (RlAIRIRBtalesentanelypeptide. [0144]

Experlmental Design: A reference polynucleotide of 1359 nt was elec}ed 96 varlants were designed,

each confifiing F&eiitdiighere 33%?8%@?&%?&%8“%8%30 Y VaEhts were made as
|nd|V|duaﬁpgh}6Mu)Jemd|de®cﬁddtvenhl)@@Iﬁﬁerﬁc@@d#f@eﬂitﬂpﬁréﬁélmltwwmg%é’d’ﬁﬁdlstested.

Each of the, 36, poky. %&@ﬁﬁ@%&m&gmﬁlﬁﬂ hy semiiningdrusamlicons IO
2009/152336PCT/US2009/047046 At D?{c E\:El 018W0 comp %hng 5t qeswed codon
changes MREHSYEHSPEGioR Rﬁgaﬁ?gp Gund W& SOl our

eow In‘a éreactlo z Kound 2 below).
[0145] omeom@ih@m@rsg@p&rm@nwmmmmg@e@trg@%@Mnfé orivietsiferdgesightd and

synthesm&gln?ggggq{ggsto standard methods. Oligonucleotides were generally 31 in in length with the
desired change(s) to the codon of interest in the middle (- base 15) of the oligonucleotide. Al!
oligonucl¢atidisrwere diluted the &bty withTsterild watémincanbAxygenifibiiDeép06gendatif) plate.

worklists (e.g., as in Figs. 4 and 6) which are used to run the Tecan robotics for the liquid handling.
The worklists for this illustrative 90 variant library construction call for only 110 liquid handling

operations for the Round 1 PCR reactions to generate the 55 amplicons using 22 primers, and only
430 liquid handling operations for the Round 2 SOE-PCR assembly reactions to prepare the 90 full

length polynucleotide variants from the 55 amplicons.

[0118] The accuracy of the palynucieotide variant sequences provided by the methods disclosed
herein can be determined by further steps of cloning and sequencing each of the plurality of constructs
from the Round 2 reactions. As illustrated by the Examples (below), the methods disclosed herein
result in surprisingly high level of correct sequences (full-length perfect (FLP) sequences) — Le.,

sequences which have the desired nucleotide changes relative to the reference polynucleotide.

[0119] At least some of the surprising advantages of the methods disclosed herein are in the greater
accuracy of the large polynucleotide variant libraries produced. In some embodiments, the methods
can be used to prepare an addressable library of at least 10 different polynucleotide variants, cach
comprising at least one defined sequence difference relative to a reference polynucleotide sequence,
wherein at least an average of 75% of the polynucleotide variant sequences are correct sequences
(¢.g., the sequences comprising the full length reference sequence with the defined nucleotide
differences introduced by the primers used in the method). In some embodiments, the methods
provide an addressable library of at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200 or more
different polynucleotide variants, each comprising at least one defined sequence difference relative to
a reference polynuclectide sequence, wherein at least 75%, 80%, 85%, 90%, 95% or greater of the

polymuclectide variant sequences are correct - e.g., FLP by sequence analysis.
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[0146] Round 1 - Foot ation of Amplicons by PCR: Each amplicon, corresponding to a polynucleotide
variant fragment, was generated in a PCR reaction using a vector comprising 1359 nt reference

polynucleoti‘g,%g‘?()g% %te and using a mutagenic primer in combinationpifi-aneirakstagenic
primer or a common flanking primer (annealing to the vector upstream or downstream of the gene

containing®hteifititationy! Reaction workflow, conditions and clean-up were as described in Example 1.
[0147] Round 2 - Assembly of Amplicons. Purified amplicons from Round 1 were pooled such that 4
ampliconfiwith avestappingogionsttomphisingtescbisired otoisispeperdey chaaes f8F-Bach of the
96 polynygleotide yarianis.and sachaoplwasalisusiesiniaibewelehnBe-well pipleas described in

Examples 1 and 2. Common flanking forward r%tg reverse primers were ad elgc 0 e ech pool and PCR

was carritEEEHEL BBITHEX LRSS FREHIIHE M aSSEnbly of the amphicons (?e., polynucleotide

fragments)denfoufr¢frechioll felygthlpulynelclielond S0fdnaRio rspeddibn biotheraSXEPb R ¥stions was

) (018 e claatic prodit. At punieation tSinaXume ZR.96 PCR
: equence analysis olynucleqtide product. urification usi 0, &R €

clean up,Tﬁlﬁgﬁﬁ&éh\?v’é#g%]ﬁ%%yﬁﬁ%gg#%x\ﬁngels%{ﬁe\(;{eo(‘:j gﬁ g%ﬁrgo R Uﬂsg(é%?%n\s/%%g%%%sﬁr%ed into E.

coli host é6flst-TioseBlonits frifhtddch Hansforpnatitn wyére) sikettanaoprsisiide DN Ras prepared for

DNA seqygenging0ne, sampie/from;eaeh iransher aratiosowas seaiended usingsequdnting primers
internal tq antg flanldng the gene. Of the 96 polynucleotide variants, 82 (85%) were determined to have
only the cot c’t"ifffﬁ’sequence with the desired changes. Example 5:Generation of a set of 96 different

pO'V”UC'eﬁi‘i?}‘ﬁ%@%&%@&ﬁhﬁé}ﬁgqm‘é peRtide having.fromanetesixamineasidichanges

relative to a reference ilE%_I]))?Is/)eptide. [014Qd E>T<perir2§ngalbcflesggan: A reference i(Pol rpa%g%g&de of 1056 nt
was seledetf G IR AR &R HeSGHal d SURALEHIET ARG 1f‘ronr'f‘f on8’(f) to"Six (6 mutations from the
referencecsegiiencéiffthe: 96 variahtsmwerdmade ddiindivitdoarpdiprdetdsiieseaétetlcoding one of
the 96 diffgrent arateing o Resuesaasand-iesied aehalithe, 26 p el yeusieotideivatanis was
assembled by combining from ﬁt‘l\go e.g., for variliiaélt encoding a sing| a%qogﬁégsﬁggﬂ%% to seven
(e.g., for VRAEAPEHRESIAE LICRIRIRG VB Stod B I53ePE /lﬂ‘gg 47848 Aty Docket No.
CX1-018\Wlones can be transformed into cells (e.g., E. coli), for franslation, and automated plating and

picking of colonies (i.e., viable transformants). Sequencing then can be carried out to confirm the

combination of mutations in each variant polypeptide sequence so generated. Assay (e.g., via high-

throughput screening) of the variant polypeptides for desired altered traits can be carried out on all of

the variant palypeptides, or optionally on only those variant polypeptides confirmed by sequencing as

having the desired combination of mutations.

[0122] Alternatively, the addressable library of polynucleotide variant each encoding a different
variant polypeptide having a defined amino acid residue difference can be combined {e.z., poeled)
and cloned into an expression system, thereby creating a pooled library of clones. This pooled library
of clones can be transformed (e.g., in a single transformation step) into cells for translation, plating,
and picking of colonies (i.e., viable transformants). Assay of colonies from this pooled library of
ciones‘ can be carried out (e.g., via high-throughput screening) before sequencing to identify
polynucleotide variants encoding polypeptides having desired altered traits, Once such “hit” for an
altered trait is identified, it can be sequenced to determine the specific combination of muatations
present in the polynucleotide variant sequence. Optionally, those variants encoding polypeptides not
having the desired altered traits sought in assay need not be sequenced. Accordingly, the pooled
library of clones methed can provide more efficiency by requiring only a single transformation rather

than a set of paraliel transformation reactions.

[0123] Analogously, the method can also be used to generate various permutations of mutation

combinations to examine the structural features of biologically important proteins. For example,
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acid changes) amplicons comprising the desired codon changes in their overlap region (as prepared in
Round 1 below) in a SOB reaction (Round 2 below). 101501 Oligonucleotide preparation: A total of
108 oligonucleotide primers were designed and synthesized according to ds,
OligonucIech%go\%%E%Hg%gnerally 31 nt in length with the desired change(sl))%gﬁgggg%%}géggf interest in
the middle-Ihggé-15¥gftke oligonucleotide. If two amino acid changes were close together, a longer
oligo was designed to encode for both changes to be incorporated. All oligonucleotides were diluted to
4uM with stepie@vaterd anidy genddalih eepPadtulmio) flate afOdib ifrRedndwithfuaiemation of

Amplieons by PCR: Each amplican, seirespending o a,palyavsieotids.variantfragment, was

generated in‘a PCR reaction using a vector comprising 1056 nt referenc:?iolynuclep_tide as template
and using 8 HHtEEEHRE BrsrsteieB s AtORRA RATSHTBIEP PG Y 1At BRRHECSPAPEEifhon flanking
primer (ariesiiing ia thénimeidbupsieam:amphdowa siredin aktfidcdete apitdmmgnnocputation). Reaction

workfiow, seqriiiens a0 fieanup el a5 dgscibed n Famole, 11 0397 Raued 2o Asserbly o

Amplicons. Bur_l ied pooled amplicons (from 2 to/ amplicons/polynucleotide) were aliquoted into plates

as descriBé¥inBEsamspeaticoihdibre iy Terhargcara evdiss gifmareWsre bamsthuid PCR was
carried oweasgesaibad-umdxamaled folQib3}begienae fnalysismiPalymiwl eatidieddvaduct. After

purification, jsing SXMYFRELER HEANHR RIS RN ARG NIRRT SPUESSIGN yRgtor, and

each ligation was transformed Into E. coli host cells. Two colonies from each transformation were
picked antSRERTiBIENKANEECHPEHATEY FEHTPINA B eNCing. One sample from each transformation
was sequ % ing sequenci rimers internal to and flanking the gene. As shown in Table |
(belon, P R, e e/ 0, T ot 1 e S 2
sequencebyithil e debipe depeignauy eivdangdes FO-PSHE Tabies SEWVaEHaI CONERMEETOBS Variants
Required gerivkake: binaliRatei Seque nengnoa! 1 kns86)ntidRel6 i (Mek@hods can be adapted

generally for generating permutations of polynucleotide sequences. For example, the methods herein
can be used to generate different permutations of functional polynucieotides, such as genes for
ribosomal RNAs. Various tRNAs form nucleoprotein complexes that participate in protein synthesis
in prokaryotes and eukaryotes. Many antibiotics function by disrupting ribosome function and are
known to mteract with defined regions of certain rRNAs. Varicus mutations have been identified that
affect protein synthesis and these regions are correlated with sites of interaction with antibiotics. See,

e.g., Yassin et al,, 2005, Proc Natl Acad Sci. USA 102(46):16620-16625.

[0125] Using the methods described herein, various permutations of known mutations affecting
ribosomal RNA function can be synthesized and the effects of certain combination of mutation

examined. Other applications will be apparent to the skilled artisan.

3. EXAMPLES

Example 1; Preparation of Amplicons
[0126] Oligonucleotide Preparation. Oligonucleotide primers at 200uM concentration are diluted to
4uM with sterile water in an Axygen HalfDeep 96 (1.1mL) plate. For most positions on the microtiter
plate, adding 10 ul. of oligo to 490 uL dH,O will be sufficient. For positions A01 and DO on the
oligonucleotide plate, the common forward and reverse primers, a larger volume may be required.
The maximum aspiration volumes in the output report in the aspirate and dispense volumes section is

verified prior to the next step.

[0127] Round 1 - Formation of Amplicons by PCR. Tecan robotics are used to atiquot 5 ul. of each

forward and reverse oligonucleotide primer into BioRad HardShellPCR96 plates (Tecan script output)

and to add 40 pL of master mix. Perform Round | PCR and verify amplification using a 2% 96 well
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e-gel, Reagent for the PCR is as follows: 5 pl. 10x Herculase buffer, 1 ul 40 mM dNTPs, 1 ul of
100 ng/pL. of SOE template, 2.5 units Herculase polymerase (Stratagene, LaJolla, CA, USA). PCR is
carried out as follows: 2 min denaturation at 95°C followed by cycling at 95°C for 30s, 56°C for 30s,
72°C for Imin/Kb. The number of cyelesis 17,

[0128] Treatment with ExoSAP-if. For Round 1 of PCR, 25 uL of the reaction product is transferred
10 a fresh 96 well plate, and 2 pi. ExoSAP-Tt (USB Corp., Ohio, USA)} plus 0.5 plL Dpnl is added and
cycling performed (manual transfer 37°C 1 hour 80°C 15 min). Samples are diluted to a final volume
of 100 uL by the addition of 73 pL dH,0 and pooled into another BioRad HardShellPCR96 PCR plate

using a Tecan seript.

Example 2: Assembly of Amplicons and Analysis of Products
[0129] Round 2 - Assembly and SOE-PCR Tecan robotics are used to aliquot a 15 pl pool of

fragments (i.c., Round 1 amplicons) into BioRad HardShellPCR96 plates {Tecan script output) and to
add 35 pL of master mix (5 pL of 10X Herculase Buffer, 1 ulL of 40 mM dNTPs, 0.2 uL of forward
primers, 0.2 uL of reverse primers, 2.5 units Herculase enzyme, and 28.1 uL. dH,O. Perform PCR and
verify amplification using a 2% 96 well e-gel. PCR is carried out as follows: 2 min denaturation at
95°C following by cycling at 95°C for 30s, 536°C for 303,4 72°C for Imin/Kb. The number of cycles is
17.

[0130] 96-well plate purification. Purify all samples using Zymo ZR-96 PCR clean up 96 well plates

(manufacturers protocol with the following modifications) (Zymo Research, CA, USA). Perform all
centrifuge steps at 2800 rpm for 10 minutes. To elute the DNA, apply 25 pL dH,O of temperature
55°C directly to the silica membrane, spin for 10 minutes and repeat. Using this method 48-50 uL of

product is recovered.

[0131] Restriction enzyme Bell digestion. Transfer 30 pl. of cach purified insert is to a fresh semi-
skirted PCR plate, add 20 uL of Bgll digestion master mix (5 ¢l 10X NEB Buffer 3, 20 units Bgll
(New England Biolabs, MA, USA), 13ul. dH,0) to all samples and incubate at 37°C for 4 hrs. Bgl

digestion is for cloning into Bgll site of an expression vector.

10132] 96-well plate purification. Purify all samples using Zymo ZR-96 PCR clean up 96-well

plates (manufacturers protocol with the following modifications). Perform all centrifuge steps at 2800
rpm for 10 minutes. To clute the DNA, apply 25 pl. di,0 at temperature 55°C directly to the silica
membrane, spin for 10 min, and repeat. Using this method, 48-50 pL of product is recovered. Verify

product recovery using a 2% 96 well e-gel.

[0133] Ligations to expression vector. Transfer 3 ul. of each purified insert to a fresh plate and add

27ul. of Hgation master mix to the samples. Incubated for 14 hours at 16°C followed by 15 minutes at
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65°C, followed by 8°C hold. Ligationmix: 3 pl. 10X Ligase Buffer (New England Biolabs, MA,
USA), 1 uL Belf digested vector {50 ng/uL), 400 units T4 Ligase (New England Biolabs, MA, USA),
22 uL dH,0.

[6134] HTP-Transformation. Transfer 2ul. of each ligation reaction to 20ul. of TSS chemically

competent cells and incubate on ice in a metal block for at least 15 min. Heat shock at 42°C for 35
seconds and return to the metal block for 2 min. Add 80 ul. of 37°C SOC media fo each sample.
Incubate at 37°C for 1 hour before plating.

{0135] Plating. Platc the transformation mixture of 48-well divided Q-trays vsing the Tecan.
Dispense three S mm bead to each well of the Q-tray using a bead dispenser. Use the Tecan to

dispense 40 pL per well of transformation mixture. Grow the transformants overnight at 37°C.,

[0136] Picking and culturing. For sequence verified plates, request that two colonies per Q-tray well

be picked to two separate Nunc flat bottom plates containing LB, CAM, and 1% glucose. For non-
sequence verified variant plates, request that three colonies per Q-tray well be picked to three separate

Nune flat bottom plates containing LB, CAM, and 1% glucose.

[0137] Colony PCR  To perform colony PCR on ong of the two replicate master plates, add 2ul. of
culture to the standard colony PCR master mix and perform colony PCR. ExoSAP-it is used to clean
up the PCT product as follows: Transfer 5 pl. of PCR sample to & new PCR plate containing 2 pL.
ExoSAP-t. Incubate at 37°C for 15 min and 80°C for 15 min. Dilute the samples to a final volome
of 40 pL by adding 33 uL of dH,0.

[0138] Sequencing of PCR products. Add 4 pL of ImM sequencing primer to the sequencing plate.
Add 4 uL of cleaned up PCR sample.
Example 3: Generation of a set of 190 different polynucleotide variants each

encoding a polypeptide having a single amino acid change relative to
a reference polypeptide

[0139] Experimental design: A reference polynucleotide of 1359 bp (encoding an enzyme 0453
amino acids) was selected. A total of 190 amino acid residue differences from the reference sequence
were selected based upon sequence changes scen in homologous enzymes. The 190 variants were
made as individual polynucleotides encoding the 190 different proteins to be expressed and tested.
Each of the 190 polynucleotide variants was assembled by combining two amplicons comprising the
desired single codon change in their overlap region (as prepared in Round 1 below) in a SOE reaction

{Round 2 below),

[0148] Oligonucleotide preparation: A total of 382 oligonucleotide primers for PCR were designed

and synthesized according to standard methods. Oligonucleotides were generally 31 nucleotides (nt)
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Indels 6 4 2 Atty. Docket No.: CX1-018WO0 [01551 All publications, patents, patent applications and
other documents cited in this application are hereby incorporated by reference in their entireties for all

purposes to the same extent as if each individual publication, patent, patenT[é;J 2'13'89;@491” or other
document W‘é’%%ﬂ&(\}iaﬁﬁlly indicated to be incorporated by reference for &l purposes. %1561 While

various specifieermiiddinignts have been illustrated and described, it will be appreciated that various
changes can be made without departing from the spirit and scope of the invention(s). CLAIMS
in length with the desired change(s) to the codon of interest located in the middle {~ base 15) of the

oligonucleotide primer.  All oligonucleotides were diluted to 4 uM with sterile water in an Axygen
HalfDeep 96 (1.1 mL} plate.

[6141] Round 1 - Formation of Amplicons by PCR: Each amplicon, corresponding to a
polynucleotide variant fragment, was generated in a PCR reaction using a vector comprising 1359 nt
reference polynucleotide as template and using a mutagenic primer in combination with a common
flanking primer (anmealing to the vector upstream or downstream of the gene containing no mutation}.

Reaction workflow, conditions and clean-up were as described in Example 1.

[0142] Round 2 - Assembly of Amplicons. Purified amplicons from Round 1 were pooled such that

2 amplicons with overlapping regions comprising the desired codon sequence change for each of the
190 polynucleotide variants and each pool was aliquoted into the well of a 96-well plate as described
in Examples 1 and 2. Common flanking forward and reverse primers were added to each pool and
PCR was carried out as deseribed in Example 2 resulting in assembly of the amplicons (L.e.,
polynucleotide fragments) to form the full length polynuclectide variant. Inspection of the assembly
reactions was carried out on an agarose gel and were found to contain product of the expected size.

(See e.g., Fig. 3.)

[0143] Sequence Analysis of Polvnucleotide Variants. After purification using Xymo ZR-96 PCR.
clean up, products wére cloned into an expression vector, and each ligation was transformed into £.
coli host cells. Two colonies from each trangformation were picked and plasmid DNA was prepared
for DNA sequencing. One sample from cach transformation was sequenced using sequencing primers
internal to and flanking the gene. Of the 190 polynucleotide variants, 160 (84%) were shown to have
only the full length perfect (FLP) sequence with the desired codon sequence changes. By sequencing
the second plasmid preparation of the 30 variants that were incorrect, 25 additional correct sequences
were identified. This brought the overall success rate to 97% correct sequences. (185 of the desired
190 polynucleotides were identified.) The polynucleotides were expressed and the variant
polypeptides assayed.

Example 4: Generation of a set of 96 different polynucleotide variants each

encoding a polypeptide having a three amino acid changes relative to
a reference polypeptide.

[0144] Experimental Design: A reference polynucieotide of 1359 nt was selected. 96 variants were

designed, each containing three mutations relative to the reference sequence. The 96 variants were
made as individual pelynucieotides sach encoding one of 96 different proteins to be expressed and

tested. Each of the 96 polynucieotide variants was assembled by combming four amplicons
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What is claimed is: 1. A method of synthesizing a plurality of polynucleotide variants each having at
least one defined nucleotide difference relative to a single starting reference polynucleotide sequence,
the method comprising: (a) separately amplifying a single starting reference polynucleatide template
with each ofvg(bﬁ?gﬁt 3f pairs of forward and reverse mutagenic primers?%%gé%g{?f‘g%%rality of pairs
of forward-ariticreverss-peiriers comprises the plurality of defined nucleotide differences and wherein
each pair generates an amplicon comprising a sequence capable of binding to an adjacent
overlappipghseaencalodat leash oneeihenRmMpHenn regit) PUsiBngisairlaninlicons; in 4C) separately
assembli lurality, of f said purified amplicons, wherein each set comprises amplicons having
adjacent %%eﬁlr}%%cé?r?g%%%u&%?r%%}s‘%gapable of binding to form the full length of the reference
polynucleids |SeaLER0E. WD BFGIR-IAG SAAUEN 6L S0 TIRISES B NIonsdNRAKGEhYhe primers; and
(d) replicating the F’Iurality of sets, of assembl%g, am Ilico_gs, there%sg/lnt Iesiz‘iq Iural'g of
polynucleBHIE VAH AR SR &SR LAt ATy CE RIS HE R L & YRt T Aittereht |

aﬂ With .
itfereht hohmuieotide variants
and wherdipimt lbastc78% bf thdosyrithesized PHluraiitie 6f poly hticibbiddsrardetsdeomprise the correct

sequenceiZohhemethed oficlaimol whensindie single stactingreferenrsedelynHslgetide encodes a
reference polypeptide and each of the plurality of polynucleotide variants encodes a polypeptide
having at [@b#t] aherainintoacid sequendediffer@ife. Bachhewphethodofsptaidim@iowherein the method

further coiisas:ihe sieh,of elaninceach, ot henlurali fpplxakciselidevagianis nta an expression

vector. 4. The method of claim 3, wherein the method further comprises transforming cells with the

expressiol S R R A & B P AR S HB P i e TR B SURREY CoiB RS S creening the
transformedtaeits fomactivity ofitve Polypeptides Encetiedtbihtheqpolyroctentide vasiats of

the gene containing no mutation). Reaction workflow, conditions and clean-up were as described in

Example 1.

(61471 Round 2 - Assembly of Amplicons. Purified amplicons from Round 1 were pooled such that

4 amplicons with overlapping regions comprising the desired codon sequence changes for each of the
96 polynucleotide variants and each pool was aliquoted into the well of a 96-well plate as described in
Examples 1 and 2. Common flanking forward and reverse primers were added to each pool and PCR
was carried out as described in Example 2 resulting in assembly of the amphicons (Le., polymacleotide
fragments) to form the full length polynucleotide variant. Inspection of the assembly reactions was
carried out on an agarose gel and were found to contain product of the expected size. (See e.g., Fig.

3)

{0148] Sequence analysis of Polynucleotide product.  After purification using Xymo ZR-96 PCR
clean up, products were cloned into an expression vector, and each ligation was transformed into E.
coh host cells. Two colonies from each transformation were picked and plasmid DNA was prepared
for DNA sequencing. One sample from each transformation was sequenced using sequencing primers
internal to and flanking the gene. Of the 96 polynucleotide variants, 82 (85%) were determined to
have only the correct FLP sequence with the desired changes.

Example 5: Generation of a set of 96 different polynucleotide variants each

encoding a polypeptide having from one to six amino acid changes
relative to a reference polypeptide.

[G149] Experimental design: A reference polvnucleotide of 10456 nt was selected. 96 variants were
designed, each containing from one {1) to six (6) mutations from the reference sequence. The 96
variants were made as individual polynucieotides each encoding one of the 96 different proteing to be
expressed and tested. Each of the 96 polynucleotide variants was assembled by combining from two

(e.g., for variant encoding a singie amino acid change) to seven (e.g., for variant encoding six amino

-37-



6. The method of claim 5, wherein the method further comprises isolating at least one polypeptide
encoded by the polynucleotide variants. 7. The method of claim 1, wherein the plurality of

' yag mgthod of claim

polynucleotide variants comprises at least 40 different polynucleotide var,

1, wherein e"gghz%@f)fhsezsafurality of polynucleotide variants comprises at Ieﬁ@s(?g?me nucleotide
differencesrelgtive-to-théreference polynucleotide sequence. 9. The method of claim 1, wherein at
least one of the plurality of polynucleotide variants comprises at least 9 defined nucleotide differences
relative tadlie keferenepipohiualipatitelsetisentedt cibhgemethadoottdpingibnideereimrat least one of

the plu_ralf.i}{u%51%&0%%@9@%&%@?&%% %éﬁgﬁt 3 different amplicons. 11. The method of claim 1,

wherein at least one o plurality of sets of amplicons comprises at least 5 different amplicons. 12.
The method 9 ehaibnlevdngrinRtdeast Org.0bthes phalinotiseisiatamplicergeamarises a bridging
polynucleotide comprising no nucleotide difference r Iatti e to the reference polynuycleatide sequence.
13. The %%83 28?15 A *‘?%ﬁ%?éfﬁ%ﬁ’éﬁ%’é?gtrﬁ’zl%?’éﬁz? 5?’\?\?&\?? %ﬁ%}errge\f/%rs% Er?me?sarleifrom about 20
to 50 nucllesitrichange(sT ketlin eeheriodfresaivhin, thoraidsis thearsrigird br s Tordeaiiany féderse primers
are from ahett2R Bﬁaﬁéeﬂ%f@@ﬂﬁ@ﬁxgather, a longer oligo was designed to encode for both changes to be
incorporated. Al oligonucleotides were diluted to 4uM with sterile water in an Axygen HalfDeep 96

{1.1 mL) plate.

[0151] Round 1 - Formation of Amplicons by PCR: Each amplicon, corresponding to a

polynucleotide variant fragment, was generated in a PCR reaction using a vector comprising 1050 nt
reference polynucleotide as template and using a mutagenic primer in combination with another

mutagenic primer or a common flanking primer (annealing to the vector upstream or downstream of
the gene containing no matation). Reaction workflow, conditions and clean-up were as described in

Example 1.

[8152] Round 2 - Assembly of Amplicons, Purified pooled amplicons (from 2 to7

amplicons/polynucleotide) were aliquoted into plates as described in Example 1. Common flanking

forward and reverse primers were added and PCR was carried out as described in Example 1.

10153} Sequence Analysis of Polynucleotide Product. After purification using Xymo ZR-96 PCR
clean up, products were cloned into an expression vector, and each ligation was transformed into £.
coli host cells. Two colonies from each transformation were picked and plasmid DNA was prepared
for DNA sequencing. One sample from cach transformation was sequenced using scquencing primers
internal to and flanking the gene. As shown in Table | (below), of the 96 polynucleotide variants, 72

(75%) were shown to have only the correct FL.P sequence with the desired 2-7 codon changes.

[0154] Table 1: 96 Variants Constructed - 88 Variants Required to Make Final Plate

Sequencing Set 1(p=96) 2 (n=96) 3 (n=16)
Total Correct 72 84 - 92
Fatled Sequences 5 3 2
Cross Contamination 5 2 0
Coding Mutations g 2 0
Indels ) 4 2
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15. The method of claim 1, wherein at least 85% of the synthesized plurality of polynucleotide variants
comprise the correct sequence. 16. The method of claim 1, wherein the length of the reference
polynucleotide sequence is at least 1000 bp. 17. The method of claim 1, in the lepgth of the
reference p&%@éﬁ%b’tﬁ%ésequence is at least 1500 bp. 18. The method ol?vé%: 2‘.&%’5 %ﬁglr%in the
plurality cfpairsorichnard@and reverse primers comprises from about 6 to 50 different
oligonucleotides. 19. The method of claim 1, wherein the plurality of pairs of forward and reverse
primers comprises from about 6 to 25 different oligonucleotides. 20. The method of claim 1, wherein
sequences of the plurality of forward and reverse primer sequences are generated by: 0)
identifyinffaFrstdefibbordiffe reros. ipetine Ppolisatiche otidehardasmsadudngaaticomisaren 16 the
reffrenﬁqlé%gyﬁﬁsﬁom. 9@1@?&1{5_@9& FH&;F&[%E}}&M&B?&&@%F@@B@@feﬂ@ﬂﬂ@df@ﬁﬂﬁ‘renqe in rEhef |
polynucleotide sequence; ii) selecting a forward primer having a sequence ¢ rising the first
defined nﬁ‘&’égﬁﬁg WA e R %‘Bﬁtﬁﬁgﬁ‘%ﬁ% ﬁﬁ?nigera%))?ur?éeg}évs?t{en%% IE%%ﬁel?fﬁ%age g}ﬁé)f:ence in the
same forirapchprétabifrprostien dtealbmhecigst defined nucleotide difference;

[0156] While various specific embodiments have been illustrated and described, it will be
appreciated that various changes can be made without departing from the spirit and scope of the

invention(s}.
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(iii) identifying a next defined difference in the polynucleotide variant sequence as compared to the
reference sequence, and determining the proximity of a nearest-neighbor defined difference in the
polynucleotide sequence, or identifying that the end of the polynucleotide variant has been reached;
(iv) selecting a reverse primer having a sequence comprising the next defined nucleotide difference,
and optionally including any nearest-neighbor defined difference in the same forward primer if
proximate to the next defined nucleotide differe 8&%1% (v) repeating steps (iii) to (iv) for each
defined diffgggnce i;the; Rolynucleotide variant sequence such that all defined difference are present
on primers. 21. The method of claim 20, wherein the method further comprises selecting

non-mutageanicarexgise ArRchitenang Obigenucleatidapisnrisorpekmuceaiide regments not defined

by the forward and reverse primers of (ii) and i\éﬁ.lz - ihe.method of claim 1 erein amplifying and
raplioating s b e L e R G A ot
variant is asseffbletied 38R PHosition on an array.

(a) separately amplifying a single starting reference polynucleotide template with
each of a plurality of pairs of forward and reverse mutagenic primers, wherein the plurality of
pairs of forward and reverse primers comprises the plurality of defined nucleotide differences
and wherein each pair generates an amplicon comprising a sequence capable of binding to an
adjacent overlapping sequence of at least one other amplicon;

{b) purifying said amplicons;

(c) separately assembiing a plurality of sets of said purified amplicons, wherein each
set comprises amplicons having adjacent overlapping sequences capable of binding to form
the full length of the reference polymecleotide sequence, wherein the sequence comprises
mutations introduced by the primers; and

(d) replicating the plurality of sets of assembled amplicons, thereby synthesizing a
plurality of polynucleotide variants, wherein said plurality comprises at least 10 different
pelynucleotide variants and wherein at least 75% of the synthesized pluratity of

pelynucleotide variants comprise the correct sequence.

2. The method of claim 1, wherein the single starting reference polynucleotide encodes a
reference polypeptide and each of the plurality of polynucleotide variants encodes a

polypeptide having at least one amino acid sequence difference.

3. The method of claim 2, wherein the method further comprises the step of cloning each of the

plurality of polynucieotide variants into an expression vector.

4. The method of claim 3, wherein the method further comprises transforming cells with the

expression vectors,

5. The method of claim 4, wherein the method further comprises screening the transformed cells

for activity of the polypeptides encoded by the polynucieotide variants.

6. The method of claim 5, wherein the method further comprises isolating at least one

polypeptide encoded by the polynucleotide variants.
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10.

11.

12.

13.

14.

15.

16.

The method of claim 1, wherein the plurality of polynucleotide variants comprises at least 40

different polynucieotide variants.

The method of claim 1, wherein each of the plurality of polynucleotide variants comprises at

least 3 defined nucleotide differences relative to the reference polynucleotide sequence.

The method of claim 1, wherein at least one of the plurality of polynuclectide varianis
comprises at least 9 defined nucleotide differences relative to the reference polynucleotide

sequence.

The method of claim 1, wherein at least one of the plurality of sets of amplicons comprises at

least 3 different amplicons.

The method of claim 1, wherein at least one of the plurality of sets of amplicons comprises at

teast 5 different amplicons.

The method of claim 1, wherein at least one of the plurality of sets of amplicons comprises a
bridging polynucleotide comprising no nucleotide difference relative to the reference

poiynucieotide sequence.

The method of claim [, wherein the lengths of the forward and reverse primers are from

about 20 to 50 nucleotides.

The method of claim 1, wherein the lengths of the forward and reverse primers are from

about 25 to 35 nucleotides.

The method of claim 1, wherein at least 85% of the synthesized plurality of polynucleotide

variants comprise the correct sequence.

The method of claim 1, wherein the length of the reference polynucleotide sequence is at
teast 1000 bp.

41



i7.

8.

19.

20.

21

22.

23.

The method of claim 1, wherein the length of the reference polynucleotide sequence is at
least 1500 bp.

The method of claim 1, wherein the plurality of pairs of forward and reverse primers

comprises from about 6 to 50 different oligonucleotides.

The method of ¢laim 1, wherein the plurality of pairs of forward and reverse primers

comprises from about 6 to 25 different oligonucieotides.

The method of claim 1, wherein sequences of the plurality of forward and reverse primer
sequences are generated by:

{i) identifying a first defined difference in the polynucleotide variant sequence as
compared to the reference sequence, and determining the proximity of a nearest-neighbor
defined difference in the polynucleotide sequence;

{(ii) selecting a forward primer having a sequence comprising the first defined
nucleotide difference, and optionally including any nearest-neighbor defined difference in the
same forward primer if proximate to the first defined nucleotide difference;

(iil) identifving a next defined difference in the polynucieotide variant sequence
as compared to the reference sequence, and determining the proximity of a nearest-neighbor
defined difference in the polynucleotide sequence, or identifying that the end of the
polynucleatide variant has been reached;

(iv) selecting a reverse primer having a sequence comprising the next defined
nucieotide difference, and optionally including any nearest-neighbor defined difference in the
same forward primer if proximate to the next defined nucieotide difference; and

(v} repeating steps (iii) to {iv) for each defined difference in the polynucleotide

variant sequence such that all defined difference are present on primers.

The method of claim 20, wherein the method further comprises selecting non-mutagenic
reverse and forward oligonucleotide primers for polynucleotide segments not defined by the

forward and reverse primers of (ii) and (iv).
The method of claim 1, wherein amplifving and replicating is by polymerase chain reaction.

The method of claim 1 in which each polynucleotide variant is assembled at a known position

on an array,
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