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[0003] Because the mutations at defined amino acid residue positions of a reference polypeptide
sequence can provide a wealth of information about the polypeptide’s biological activities, once
mutations have been initially identified, it is desirable to prepare various combinations of the
mutations not found in the initial set of screened variants that can be tested for the desired property.
In silico based selection of defined mutations or sets of mutations provide a framework for generating
a large number of possible mutation combinations. For example, mutations affecting substrate
specificity can be combined with mutations affecting other enzyme properties, including, among
others, enzyme activity, thermal stability, and inhibitor resistance. Typically, the approach to
generating these polypeptides having novel combinations of mutations is to synthesize individual
species (i.e., synthesis of each polynucleotide encoding the mutant gene). This can be accomplished

by chemical and/or enzymatic synthesis of the polynucleotide in combination with standard
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[0005] The methods of the present disclosure are capable of producing large libraries of
polynucleotide variant sequences having defined nucleotide differences (e.g., libraries of 10, 50, 100,
150, 300, 500, 700, 1000 or more variants, each having 1, 2, 3, 5,9, 12, 15, 20, 25, 30, 35, 40, 50, or
more, desired changes), with relatively few (e.g., compared to whole gene synthesis methods), and
relatively short (e.g., 35-mer or less) oligonucleotides, and wherein the average percentage of correct

sequences is surprisingly high (¢.g., at least 65%, 75%, 85%, 95%, or more).

[0006] In some embodiments, the method of forming polynucleotides encoding polypeptide variants
can comprise: selecting a plurality of defined amino acid residue differences relative to a reference
amino acid sequence; defining overlapping segments of a polynucleotide sequence encoding the
polypeptide with the different amino acid sequence or the reference amino acid sequence, each

segment being bounded by a set of forward and reverse primer binding sequences and wherein a



can conprise: selecting a plurality of defined am no acid residue
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to (iv) for each change in polynucleotide sequence encoding an amino acid residue difference such

that all changes in the polynucleotide sequence are present on oligonucleotide primers; and (b)
amplifying with each set of forward and reverse oligonucleotide primers to generate the library of

overlapping amplicons having members encoding amino acid residue differences.

[0008] In another aspect, the present disclosure provides a library of such polynucleotide fragments
(i.e., amplicons) that can be used for assembling the polynucleotide variants. In some embodiments,
the plurality of polynucleotide fragments comprises polynucleotide fragments with overlapping
adjacent regions, each polynucleotide fragment being bounded by primer binding sequences for

forward and reverse primers, wherein the plurality of polynucleotide fragments have members that
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and is bounded by a pair of forward and reverse primer binding sequences, wherein the forward
and/or reverse primers comprise at least one of the plurality of defined nucleotide differences; (c)
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 generating an addressable 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 amplicons 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.
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variants.

[0012] In some embodiments, the disclosure provides methods of screening an addressable library of
polynucleotide variants encoding polypeptides, the method comprising: (a) combining members of the
addressable library of polynucleotide variants into a pool; (b) cloning the pool of polynucleotide
variants into an expression vector; (¢) transforming cells with the expression vector; (d) plating the
transformed cells to generate a plurality of separate clones comprising the library of polynucleotide

variants; and (¢) screening the clones for an improved property relative to a reference polypeptide. In
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polynucleotide sequence; and (c) assembling and replicating the plurality of sets of the amplicons,
thereby synthesizing a plurality of polynucleotide variants having a stochastic mix of defined
nucleotide differences. In another embodiment, this method can be carried out wherein the plurality
of pairs of forward and reverse primers is combined prior to amplifying the reference polynucleotide
template, thereby generating a combined plurality of sets of amplicons. In another embodiment, this
method can be carried out wherein amplifying the reference polynucleotide template is carried out
separately with each of the plurality of pairs of forward and reverse primers, and the plurality of sets

of amplicons is combined prior to assembling and replicating.

[0014] In some embodiments of the methods of synthesizing a plurality of polynucleotide variants

disclosed herein, the methods can be carried out wherein the reference polynucleotide encodes a
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polynucleotide Varlant sequence as compared to the reference sequence, and determ1n1ng 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; (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 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 difference; and (v) repeating steps (iii) to



degenerate prinmers encoding only 16 or fewer am no acids can be used.
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forward and reverse primers, thereby providing diverse libraries of polynucleotide variants having

well-defined mutations.

[0020] 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
embodiments each 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 embodiments where degenerate primers are used, the

resulting amplicons are degenerate. Accordingly, in some embodiments at least one of the plurality of



different selected position of the reference pol ynucl eoti de sequence.
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number of defined nucleotide differences, length of the reference polynucleotide sequence, number of
pairs of forward and reverse primers, length of primer oligonucleotides, and/or percentage of full

length perfect sequences) are combined.

[0025] In addition to the above methods, the disclosure also provides an addressable library of
polynucleotide variants comprising a plurality of polynucleotide 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. In some
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defi necblqmmgltlwtalrldms Chitcf @ereeamesptommfonnmgeelbmnynmrbsemg pdepapédd ianlies ar e
syntheg}%ggm%ﬁﬁording to the nethods disclosed herein. Accordingly in sone
enbodi meN e disclosure provides a conposition conprising a plurality
of expr s iLzed or a
ol ur ar 1 23 PEALERple GRRLL BB e R MR Kb AR o X IE LA

synt heshgwdhabcercdbaihetem. t he nethods dlsclosed above. [ 0027] I n anot her
enbodi ment the disclosure provided a library of polypeptide variants

i sol at ed acdﬁﬂEFMjSClﬁéPﬁ@NHmd@HEfl@wlhE&esi zi ng pol ynucl eoti de variants
encodi |1 r expr essi on
veot or ggﬂéfansﬁgbéﬁ%n s’tand rfl te%%ﬁlgq)grx%en ergtél{éﬂ) yrﬂ lélo%dés%tﬂgosdlﬂ eﬁ%epr
transfthmﬂﬁ@@V@ﬁ@@8$1ﬁDM$hmﬂmmﬁmwmdedﬂhédemnmdmefmdmpuﬁgﬂmnmpd@hented

met hods, £ oF GanEMhA%AH i RThOYS righgPs ©f

[0030] FIG. 2 provides a sample workflow scheme for generating libraries of overlapping
polynucleotide fragments based on generating oligonucleotide primers for overlapping segments of a
polynucleotide and use of the oligonucleotides in PCR reactions to generate libraries of overlapping

polynucleotide fragments.

[0031] FIG. 3 shows the agarose gels of 96 samples (and 8 controls) resulting from assembling the
overlapping polynucleotide fragments and replicating the assembled polynucleotide fragments to
synthesize the polynucleotide variants encoding the desired polypeptide variant. Nearly every gel

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

[0032] FIG. 4 shows a flowchart for generating polynucleotides encoding variants by use of library of

overlapping polynucleotide fragments.
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t he met hods described herein. 4 . BRI EF DESCRI PTI ON OF THE FI GURES [ 0029]
FIG 1 shows a standard technique for generating pol ynucl eoti des encodi ng
defined pabypept4s®e vari ants (at |left) as conpared to tireTraseévodsHescri bed
herein for using libraries of overlapping polynucl eotide fragnments (at
right). [0030] FIG 2 provides a sanple workflow schenme for generating
| i braries of overlapping pol ynucl eoti de fragnents based on generati ng
oIigonuﬂ&B@FKﬁésh@hﬂfﬂ@mﬁmﬁﬁmgﬁmhamphmgms@gnﬁnh&ﬂmﬁﬂap@mhyﬁmgheﬁmhge and
use of ‘%rnucleo enerate Ilb{arles of

po

overlapplr%O %@5@@8@“%3“?96mﬁ%ﬁ?“%%Faﬂﬁ%%né%@?“@u%ﬁe%émyhe agar ose gel s
of 96 iﬁlg%lh I?lgje Gand8, dts)lstrruet%o%ls %or a&’to%%oﬂreﬁ% A%f'ﬂe%u 11§ overl apping

pol ynu rag ment s an ica assenb ol'ynucl eoti de
fragnenﬂigomlolest}'detphlesrszaed bMapmﬁgM@h@@bﬁ@he&agmeht&nt S encodl ng the desired
pol ypeptide variant. Nearly every gel showed a single strong band

i ndi catﬁ.ng tmmrmﬁeammmlmgm sequence was present. [0032] FIG 4 shows a

(gt A u R RO B TSP SRS L A HE R ALES. B URERF

fl owc handude@ﬂurgeefenem urlgps ahel doh)tearcyeaﬂ;f 1ndicatg€0(lf1:hkﬁ12v$at Tlds, for ¢xampk, feference to
generatjng a.li of overla £gotide i cons f each am no
2ord sedddnds iR uit Srabhh M R RS S abR RIS S M MinfRuct fons
for autcompbwed. creati on and selectlon of oligonucleotide prinmers and
over | appi ng ol i gonucl eotide fragnents. 5. DETAI LED DESCRI PTI ON [ 0035] As
used idﬂﬁ%iskspbcmkmcaﬂimnmaﬁduMhemapﬁemdédmehamn§mﬁhhefsmngmkﬁr forms "a"
rant and, e LOGLHARPLULAL - CEDSIERG R YRL SRS LA ERRLE K CLEAN Y
i ndi cat 63 0t Rer w s8. "~ thus, for ex anp ? é%c gp roternt includes
nor e t hatandsd @ tprlotieng, and refer ence t o "a corrpound" refers to nore than
one conpound. [0036] Also, the use of "or" nmeans "and/or" unless stated
ot her wi[8€37] Biintolba further u'rldcm1p0d et Wwhetcodspquiptigesf Varfoopempbddsnangs'usé thaddrmde, "

"includ n r ended to be
limti ng§ lflgg{}%@’?]thés gkl}sileq*tlg egﬁf“ﬁ)ru %“ﬂ‘}“%gt %ﬂr st oog‘ie%ﬁ%ﬁnc\/\ﬁsé%ﬂggsd glgcr i ptions of
var i ousnbatiodntrenbsaligsmtivdheddsertor tgugienguweganiotisisting swergikily ¢18 dr Foandistieg ar t
woul d derstand that in sone specific instances, an enbodi nent can be
al ternatively described using | anguage "consisting essentially of or

consl j‘)?ﬁg TQ&{ Sectlang;cﬁll -EE'%. h%%?r} rQ H)r Qx%%%ﬂlgﬁal ﬁﬁxﬁgsep gﬁl? Wiy & % lje%lenstmed
or gani zat'l purpose y an 0 be construe

as limiting the subject matter descrlbed As used herein, the following terms are intended to have the

following meanings.

5.1 Definitions

[0039] “Amplifying” and “amplification” as used herein incorporates its common usage and refers to

the use of any suitable amplification methodology for generating or detecting any polynucleotide,
recombinant or naturally expressed, amenable to amplification in vivo or in vitro, such as by

polymerase chain reaction (PCR).

[0040] “Amplicon” refers to the product of the amplification reaction generated through the extension
of either or both of a pair of amplification primers. An amplicon may contain exponentially amplified
nucleic acids if both primers utilized hybridize to a target sequence. Alternatively, amplicons may be
generated by linear amplification if one of the primers utilized does not hybridize to the target
sequence. Thus, this term is used generically herein and does not imply the presence of exponentially

amplified nucleic acids.

[0041] “Annealing” or “hybridization” refers to the base-pairing interactions of one nucleobase

polymer with another that results in the formation of a double-stranded structure, a triplex structure or
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as limting the subject matter described. As used herein, the foll ow ng
terns are intended to have the followi ng neanings. 5.1 Definitions [0039]
"Anpl i f yiwg 2010amgio3anpl i fi cati on " as used herei n i ncor pPOTAIS@@I05T0T ONTION
usage and refers to the use of any suitable anplification nethodol ogy for
generating or detecting any pol ynucl eotide, reconbinant or naturally
expressed, anenable to anplification in vivo or in vitro, such as by

pol ynerapetethgisiructerac AnmdalifRERY bridifidO¢an"obey hiaCBatsoh- Credkdrg-fadinghe product
R TR R S et L
exponentirakl y anplified nucleic acids if both prinmers utilized hybridize to
a target sequence. Alternatively, anplicons may be generated by |inear
anpl i fi[6e42] Bhssbihblong® raddrs totbeinging meetherutpluralite df ghiesclogide fiypméntki e..t 0 t he

_tar get Seﬂgo%s Cllerfder-lzzgrlil 1ti0r1tsli]r|1 \%hitc Eom Ilésmelfll aEdregl?)rrlls relt\xgeaél ! Xl hl%lie%]t'(li]es%nd dOGf%O hot
inply the preésence’of exponent ratl y anpl 1fied nuch 8" Mac ds™ ‘o4

" Annealfomga hyboidizitiopleomgiezatd. drving n dfubiesstrplet] hgbrhifrsé rqgainrwithgverhéres &ottheons of
one nucnloe—%(l?nalsg Qrﬁl%geeron\é\j }Xhlu?r]%}(b rolthqéotiﬁessc%llges asisenml;[lé1 toffgrﬁla Elrl gn of a
doubl e-St7 an%lleltjfll ST (& Ure, Pa" T p RISt Y Ucture ofa quat ernary Sthucture.
Anneal ipotynoeledugbthatinzates @polg@ptidecatintereita Wat son- Cri ck base-pairing
interactions, but nay be nediated by ot her hydrogen-bonding interactions,
such ad0043pystidzary fobmeclgaide’i migrs th @ QdiZhuctedsdedraiving ngmplemetftary sgtoos @rthengi ng
together a pluraljt | ynuel eot | fr nts .(e.g.. anplicons) under
conal t ngRL LR WX ol BN S8C Ll A TR S lhion BTREGCY) 00
anneal potynfideatidacdmyaondatiiozkxt atiom tazoimpl regipn ef the bridgangipolyneclebtidbl e st r anded
hybri di zed region with overhangs for the non-conplenentary regions. A

pl ur al i[0844dFCplnigmarhedtrifae & thamottion asserisicdid (e ¢f @gencathhizngales an amino

pol ynuc]| %%%é}uggceto@gé ghgodes a pol ypeptide of interest. [0043] "Bridging

pol ynucl eo e P eters to a pol ynucl eoti de havi ng conpl enmentary regi ons at
t he terpsnal i OAS. - I i . .

torm P RE o AR AL ETol IO BE LAEL HALE ARG ACBERL Pp8Bi0.  a
r egi on thdse preéerdntinltigisnginpaiastivulet ergtnisgesuch (@uthy cicabdipngeis splienadly refers to
that p i f >l el G i.d i I: acid
sequenasrisRed RSy BHE PGy REh Ao AN S Bl KRR AMAP 701 e
codons agfds plecpobyeiliy seotrildedancaldidigyranpnGtoe i synerymohsedpsaf evesht i al | y
used i i | ] (A iciently
expr esaag TRl s e B R e o PR B i Tl
degenertapletsi Hhis hedon penge bianinaobaughys inarferenesge @ sene gaichgenssedf epramort tdiveg,

cal | ed olr IAAGRY 5‘1’%§m,%ﬁgﬁiﬁé&%@@é@%@éln&%@&ﬂ%w c-l)lgy ﬁLﬁlb‘é@ﬂrLteinS, and the aggregate

protein coding regions of an organism's genome.

[0046] “Complementary” refers to the hybridization or base pairing between nucleotides or nucleic
acids, such 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 or amplified. Complementary nucleotides are, generally, A and T (or A and U), or C and
G. Two single stranded RNA or DNA molecules are said to be substantially complementary when a
polynucleotide (RNA or DNA) strand will hybridize under selective hybridization conditions to its
complement. Typically, selective hybridization will occur when there is at least about 65%
complementary over a stretch 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, incorporated herein by reference. “Complementary to” is used herein to mean that the

complementary sequence is substantially identical or identical to the reverse-complement of all or a
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known t hat codon usage by particul ar organi sns i s nonrandom and bi ased
towards particular codon triplets. This codon usage bias may be higher in
ref erencewbeow/giemw@n gene, genes of comon function or ROTASLERISIPT gi N,
hi ghl y expressed proteins versus | ow copy nunber proteins, and the
aggregate protein coding regions of an organisms genone. [0046]

"Conpl enentary " refers to the hybridization or base pairing between

nucl eotpodes o retﬁmedcebalymledﬁde ssqiehceas thaf @ich hmddoddeid, onbgtang @rablche forma

str andsbage];pa%Wlﬁl leBtldﬁd?rﬁngg%enﬁn%e opgosqr stgatlelémeen an ol i gonuc| eot i de

primer an r1 e ‘anded pol ynucl eoti de to be

?2?“2”3%%%%%%%@%@@%@% %* RS T e e "o sai
to be ssumwraudt clalﬁﬂsyanddmplt@ﬂmm mwylvmebsuampmb@thumhm@amdim thdliddypeptidONA)h st r and
o AR ST RSP PYE PR e ARChY AP a3 B eTEn
65% cormﬂnarimntaaalyinoved wathsn pigthatic de caam Inaasbb sdlbﬂtlth‘@d %th mnmh@ahptdmammo
Cormpl e sy gt B8dMkint A e B R LRERAR. y Biad ERN ARy g,
i ncor pas abetdutbéwah anolﬂy:r nieine @ edth a'hﬁmnmlelﬂemaar ygt, &dring Sndjhedmheelamam{nbo mean
that t ha% dggami) | earrren%t%rs%ae l?aluel s% st1tutec§ W, anott | a?‘mln 19 E&R/Til’ll Can ar matllc(s:I pt | .Cal to
t he reverse- c§rrp or ap ortion o feren e polynuc %ot i de
sequenabaiore.g. menmmemyodsma,ttmbe)phml amiehlsmima;rmi ansnoadoidemﬂoa asic rsidaclbﬁxsie- pair
wth an ti anal o er in the QP osite .stran
"Conservg %u\%/qg1 al% n(%ﬁ)q('e;lrcalm s thV]irﬂ} lt()elmgr%lsd'e Chaﬂ% &P ? BIEneS e ergcizj lgt[flfge Bi 1 ty of
resi duemnlrwacidmgitlszinneicida:rsi(kzl oﬁan chabstigytedawith dnbsr dnyipd @&l \Iv1yh amaeliosdd chain,
substitution of the am no acid, i W t hin
the. sarfeb-drrsitaci ¥ hpioad® apdly d%?p%z%‘%" P% -‘/%P".ph%" "By WA a‘“ﬁ R TF&%‘i?grrp e and not
| i m t atanather hyrropimibivoor hgdrdphiliit damiamacad, rppativay.si de chal n nay be substituted
wi th anot her aliphatic am no acid, e.g., alanine, valine, |eucine,
i sol eudDe8] “GontrohsetilEncaiirefers tcampdyriunbotaicischmcierms&dydefﬁecythegkpjas'mhaf vding

b L4k 66k W) BOSANETo ATNBAGL S Wik rn ALY Luch P 1Al o
su a'ﬂﬁg —¥|§4d ng sg(ﬁu% oW A iat he hatur uc rof sedu ces differs
serine ‘and tAr am no-aci ds aV|n aromatic Si ains 1s
subst i tdepedingiupdn taﬂbQShexgaram n@ormol sstqlhtavesrggneaailyammwrcnncmrmosml hindimgg. ,
phenyl | histidine; an amno acid wth a
basi c gsltggn@ﬁg}s%ﬁ'ﬁt@ﬁglﬁ}ﬁfngﬁ{r%@i%ﬁ %%t her am no acid with a basis side
chai n, “eorgro] sekyicesd js 1auegled|tmm¢1umnmpmntsmmee presen@rremwflagicdexirdskiompndci di ¢
ilhde Ch:%h leé i?lclﬁhléoasdd tlo}il;}l%grawn%ﬁs %H?ste&?esen%msglﬁva%%égou Jd]ex %lg‘,gl:e% c O side

y rop e uecceam 819;1@1) nprssequepdcaced wi t h anot her hydrophobic or hydrophilic
hyd hs dl dnﬁu at pt d h h h d h b hyd hi |
am no acid, respectively. [0048] "Control sequence" refers to a
pol y nudD@@l [Befincé differsnes” asedd hociafif the tortdxe oexpriessi ore wiynoddetialg oand

non-co gyg q@ence%g&g% Qs WG, C%r}og%ﬁec%eg s%&%ﬁ&,' ﬁ&/gldd651-1r&1%h8%tewt&§)efqué1l(!9h

cont rol ers upon t ost or gani
sequendes. gewdgoatlé shangedianmdetoriometleated popibos @ﬁ‘ﬂmolytnucri@htudg sequence that results

in a different amino acid at a desired position of the encoded polypeptide).

[0050] “Degenerate codon” as used herein refers to a codon used to represent a set of different codons

(also referred to as an “ambiguous codon”). For example, the degenerate codon “NNT” represents a
set of 16 codons having the base triplet sequence (A, C, T, or G)/(A, C, T, or G)/T, which encodes a
set of the 15 different amino acids: F,S,Y,C,L.P.H,R, LT N,V,A,D, and G. Exemplary degenerate
codons well-known in the art and useful in methods of the present disclosure include: NHT, NNB,

NNG, NNK, NNN, NNS, NNT, NDT, RMG, RNG, RRS, SNT, VNS, VNT, and VWG.

[0051] “Deletion” with respect to a polypeptide or polynucleotide refers to the removal of one or

more amino acids or nucleotides from the reference polypeptide or polynucleotide, respectively.
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site, and transcription term nation sequence. The term "control sequences”
is intended to include conponents whose presence can influence expression,
and can aveaoimiahwde additional conponents whose presen®eTiGS2@0d9aTsAgEOUS,
for exanple, |eader sequences and fusion partner sequences. [0049] "Defined
di fference" as used herein in the context of a nutations to a

pol ynucl eoti de or pol ypeptide sequence refers to an apriori specified,

sel ect dutlet@nddan moﬂpx@ie mdwahﬁ”rlgnentoa: dnfigo az:ﬁtmemmﬂaeo(iéesgz o1 180T amineed:iﬂm change
fromc t q&d n,a sel ect.ed p(PS|tlloQ of .a o ynuc e%t|6de se quence(t1

resul t SUPISOTe P OF BIPERMIGAREOT RRr P e 3"8 SR PSP A 0F T2 e oded

pol ypeptucldajdes, [100b0pre'a Bé&g)emels aJtmlclz:Oﬁtam"ISa)Smummmeerceis r m&:ieefltﬂ;es,tdr 2a or:odon
ambi ouBUE ag ey & ko i e GREERR ST u S R P e s W
set of td60%odtnsotd] avmbg 01f hlembacseks ¢rrnuqﬂbceideseﬂumﬁh<(v&fere@pe ﬂ'qupaptlc@)dr(A C T,
gr SG%//E’ P%@I?ﬁtﬁe nﬁ‘%ldtk‘fnﬁ/ca dlrectea*t&%e%?tef%fpfoﬁ{o%%%ngi ?ée%g ngf:p@g $8R8B&1 1 - known
i n the miypeaid oulﬁﬁflmbleotrderrhtmm aafbolinentyrtbsdiidtion caxdooptiseen dondugdke:  NHT,
NNB, NN NNI, an%l I\Q,l NNT, NDT, RMG RNG RRS, SNT, VNS, VNT, and WG

[ 0051] S P Gh e\t}\f(f uoéli)ect to a poI ypepti de or pol ynucl eoti de refers to
the re « one oy m no eference
b ypeSW%L Shof0EoR PR AP REEGER Ohe DHauRRt bR LR MelsHS: P8 erova
of 1 orseqmene tharcomopracs 6l ommommbseqlem@hss;vhum aor noimfoued mnhmmaelatsmdnp to

nucl eOteiac S[her%s I &)ur?‘cmnrr]lgtuaéccl) qs UL nbl'{r?a{n Oterll dr?esefed 20 Mt ifFR5G (")ifm D2 s?(‘)(r:ll ds, 6
or more am no - aci as or nucleott ded. Y or nore am no acids of AU Eot i des
15 or mnophysaai mbtiashigdso mhernnudble a¢1dsct&s>;heo1deﬂl1®nn arogl e oastnuetoreais incknoonally
g?ctgotflod@dlafl:){%e ﬁorl s{ lance, a he n%)tlol%tol?‘sfnuc lr(T:ta)lgld 1st mgqgcoran }n%r?t%yopg(écgl%%ﬁloabdﬁ;

t he refleviego® polorpeqbinde fom mélytamgdnemadgad iDe hebneone fowd ibeatdereertaed t o

the internal .portiaon ortions { tide or

pol ynucl“g6t i Sbyryethy a%aﬁnse%e)%g d{EW%IHY%n o %peeraéleflﬁﬁlf%eﬁq% aR“’le%pseque“"%

cont i nuowsedkipgmBRrREprossioo amsdie, dg.scaator.nuous. [ 0052] "Het erol ogous " when

used with reference to a nucleic acid or polypeptide, indicates that a

sequend@0s3h Slnseriom of ‘Yedklittond redars m@argabs@mén&wrmrmhcidrsmunme bfdhend in the

same re| i |

 ecor GO PSSy b SAGRN a0 LR K. P s PRS0 Bletliee,

rel ati onglng, $uoh at foeexample] ewdda’@c d-’Slue:nce.ot her nol ecules in a ceI |, or

structure, is not normally found in nature. For instance, a heterol ogous

nucl ei d0@fdi tlibrry’ypems &l 4 st feae ambiraléntdf petprogauesdolybepviderpr nwdeioacidro e

sequenq S e L gaq 1ol atyre;
oo A [ TLBOLEL ARG AT OER AL LPRART o o MR oML W BB VC

| i nked thip cxtengr dibatyéris s’eqmymwewnknél@petr‘@de rfequeasr Epresshawmecodibsette, e.g., a

VECL Or . embers are responsible for the diversity present in the library. The library may take the form of a

simple mixture of polypeptides or nucleic acids, or may be in the form organisms or cells, for example

bacteria, viruses, animal or plant cells and the like, transformed with a library of nucleic acids.

[0055] “Non-conservative substitution” refers to substitution of an amino acid in the polypeptide with

an amino acid with significantly differing side chain properties. Non-conservative substitutions may
use amino acids between, rather than within, the defined groups and affects (a) the structure of the
peptide backbone in the area of the substitution (e.g., proline for glycine) (b) the charge or
hydrophobicity, or (c) the bulk of the side chain. By way of example and not limitation, an exemplary
non-conservative substitution can be an acidic amino acid substituted with a basic or aliphatic amino
acid; an aromatic amino acid substituted with a small amino acid; and a hydrophilic amino acid

substituted with a hydrophobic amino acid.
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[0053] "Insertion " or "Addition " refers to a change in a nucleotide or
am no aci d sequence by the addition of one or nore nucl eotides or am no

aci d resivwoesio/muespecti vely, as conpared to a referencePseqisennoms7seuch as
for exanple, a wild type sequence. [0054] "Library" refers to a set (e.g.,
a plurality) of heterogeneous pol ypeptides or nucleic acids. Alibrary is
conposed of nenbers, each of which has a single polypeptide or nucleic acid
sequendeosey tN4dtiniaby-ecchgint’; o ‘Milhrtafev" férstostymmnylﬁmmé inmatuhe. "H*oepzemtmﬁ ne".
Sequencet da{llf foegu%]n eosrw tWeeenl i Q{dg%%ol gbl 0t1de A eer{ce%paosgSIenc res Ot 1t he

di ver si P Hr SSERTRE G RS ISPSPR) Y PHr Ay STyt ake THETHFMN of “h sinpl e
m xt ur e)r@&nspﬂhay paplte 1st&aiecbﬁronn alsdlmeOn agidand Whlcm nbebelem intdnéorfatly modifigdni sns

or cell S roexa é% bacteria, viruses, aninmal or plant cells and the

li ke, t74 H F‘orrre W 'h a I|brary of nucl ei ¢ aci ds. [0055] " Non- conservetive
\?Mu?rs]tl tHﬁénmeucleogafl &t gr ase retP élo é[an Pa uraf(l}f ?accur?‘lrr%ao Salel dtﬁ: heteroc?rclf?: m(%{é% <P tide
Non- c onsamealyiknews u)bhcnse twthb luolm?e noelyic ue;é ogpilynocla@idd seclhiet agyen utﬂrzatphleamntm an
\éMaEELQnOé pepﬁlde H&c‘le@ce 901 (ﬁlu?ﬁ 53{;1 %ql%e%ebyte%i{lesrat %lg%prgtha can(l;l ll)JrE(F %eg:i p(é?neucfe f[i)ci I ?g)
t he chan geequencbyphcﬁ‘phmﬂnnm Ngn- hnntn(gce)cam}bies dflsmtabtefnuclbcﬁ)ases deludiraadeninBy way of
Xl e B P S, Sy BIRGRI. AR GRSV SRSl on, can
an ar omaeqdmsenytasme e?cﬂmbu&mﬂ)sﬁdzmtcﬂdfrmet, 121 amm;)pmﬁrie E@F(meac%ebhlompdnae) N9-

Xt ur dry s PSR ot s bilaRel KON SRR P R B A o Ut e
For ex almdaé_,—am—adanmb dthey noic Gmiting raganqﬂeswf budtably pecl@bhsgpmplvilciboemucleobases

pol y”“Ciéus 546 8 gt e{@&?andilgl o BRetand G 41 &ﬁ&ggzmz%r“ '9ARy 3N that can be

i sol ate Fom a source im ure not” been i nténtionally

modi f i ﬁg‘{%}/“ ; luﬂc%ﬂasﬁﬂfg&‘éll”%té“ i onle hrgfells Ctn C(Lren?ot%g c.leo%ses tlﬁgsa?e com?ec?ed%?ft 0

th
k ng\?\/ﬁ tlmkadeothet pwivoit theirdsiiltant mwddobdse palgmer cmlohgmﬂ?ey mjudbeéltze ©e pobohdaltidgy or

til t
pol yrora” i 4Bl R BRe U8R NRAL B FERARK STVl Bl BRI 2 ©
manner .noNamidd tmmiyﬁgmieod@npicéstldﬂs (csgu It)lziblaed Riye\ r@bma:mdlohgdmmif) pohdemd ne,

t osi ] I I

27 i o- S RO b IRT Bty MEBRLnuc P AINY s BBbbamias o peptideuie - 0
and 2- taaidet Nyaigahese pRlyaneiseo pligoinrees, caiNGary 2 siavi froos ﬁﬁewmuoleotpeﬂSJ finag) 2 taNg-
(2,6- d' (r:rlle&)%gwt'o g&)eral ﬂl}/n%f) )&%néle&ibﬁﬁs t!;lgev Tt(ﬂgl?s 1%1' 1%1%%5% se%) or ISIOI'G

NO- (7- deaza aza- guani ne Naza-ad O her

11 ust g §9Eg9§@?>§%f$%%"’%%§>% Glliel &Eﬁ%%itﬂ 4&%5"03@@"@@ B3F48585"er wo
92/ 20703yA) {00883 It Merad @d@dwn@oﬂt yafes to thy ﬁlhmon@mwhslmeéfeftynsomlptmml or nore

nuc! eobeasiul DaheRt &, FAMNEREEL LT RIRGRSIL D3l REL Mdink 1065k ATl

nucl eoba onmer to nucl eot |
linked to a codlng sequence such as a nucleic acid of the invention, 1f it stlmulates or modulates the

transcription of the coding sequence in an appropriate host cell or other expression system. Generally,
promoter transcriptional regulatory sequences that are operably linked to a transcribed sequence are
physically contiguous to the transcribed sequence, i.c., they are cis-acting. However, some
transcriptional regulatory sequences, such as enhancers, need not be physically contiguous or located
in close proximity to the coding sequences whose transcription they enhance. In some embodiments,

regulatory sequence is a translation regulatory sequence linked to a coding sequence.

[0060] “Overlapping region” refers to a region of a first polynucleotide that is complementary to a

second polynucleotide, where the overlapping regions are capable of annealing to each other to form a

hybridization complex. Generally, the first polynucleotide and the second polynucleotide will
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havi ng a conpl enentary nucl eobase sequence. Nucl eobase pol yners or
oligoners include, but are not limted to, poly- and oligonucl eoti des

(e.g., DNMOanty/RMA3Ipol yners and ol i gonmers), poly- and olrcgarseabastsotde

anal ogs and poly- and oligonucl eotide m mcs, such as pol yam de or peptide
nucl ei ¢ aci ds. Nucl eobase polyners or oligonmers can vary in size froma few
nucl eobases, from2 to 40 nucl eobases, to several hundred nucl eobases, to
sever alpattiatlyus‘a:mldp fneh Itlmoﬂiagﬁsnucmbtidm weéll hdve @B ¢onipBaemalnt yeglohnkadd noef ers to a

functi onal ge«% eaetn'ﬂ?e shi gl v(\)/?gn two or nore nucleic acid (e.g., DNA)
segment encf i ‘gorree BAPRENT’S. it refers to the functional relationship of
a tran

exanpl 386&1? ermf?tlgtlons (rg ast t%)rt cf ageig%%réﬁ eoftef%mgr[;tsa ela%n,,sscbrsl‘uﬁl 18n Sg%ﬁgr%gﬁomgor

sequen @yenfmﬂhswslnahemwnieeu of tlecliedripfiorts heremrfmqmlypqmdes dndipblystdlantitiat es or

nmodul at g8 the transcrip (Pn of t.he. codin seguence LN an aQ r.o| riate host
TRICES i) aling acidR e51 LGSO I nucleatidg I'GSIde% onla reference seqlichee ?1

cell or"othe expressi on y, pronote ransc onal

r egul atc@aryctsrquu mamsattohﬁ’t caarbe amqugetahnl waribus mkmdnatwnamtthawqmncdatedomeaq uence are

phySI cal Il‘IX t%ﬁglto lél(r)nlill atlon sett hﬁe (Dsn%qncli)ue(ld [911’1% ueu?% 1’15 as Well eve C(ymblna%on P]f
ci s- aCtI ng n CI’ u seguences, suc as

enhancemsatmmem:tmbkatfrobﬁh@ﬁquectaltI y contl guous or | ocat ed in close proximty
to the codi ng sequences whose transcription they enhance. In sone

enbodi rief2s ;'Pawgulkatdosyo r§9Qg@mi@1i&”aeferrtamsdlaibaxalpo}ymgmloabmgoyne&eqmmwbe _
l'inked tfl clegl?acsiésnag co% C cfe 1(%@9% g%hate nﬁ egf)s osleogallteo Qackbo Ler Xe E‘Cll%er €gl on

of a first ynuc o a second polyn oti de,
wher e trogy- an@crligampiengdelsaghxdnsolamefs o&ﬁabbwnbénuath (D@Almd@akymemtolﬁer to

forma rlh)Y)F clleoitl e%gft{lﬁgécg nﬂyﬁucieoﬁ% n}ﬁ 9/ lelc\ém 55@3 er];t{r%@%#ﬂ% ¥ﬂ§0%d Entﬁjeq gne. the

second po ynuc artia overr suc ynuc eoti des
will haizwcwnbnnlmbnmeenmmrﬁomjxtwrsghemmﬁ t hat do not anneal between the two
pol ynucl eoti des. [0061] "Pernutations " refers to the arrangenent of

el enent[8063¢ “RplynusladisieT onitdligonudiebtdei Aanakp” fafantoaugleatese folymdreorddgomdrhint he
cont ext, 0l thé‘&c?e%ﬁa%éé il &oglﬂgcéés&?og%'sﬂgar Bﬁ Eﬁ’té’l&%@l@& hggﬁnﬁigﬁéBﬁ% S &%51' des,

di fferences In ues. o eot| ere rom a eference
sequen@dosphyfp am'lx}gls miml aghgrhospdate asaldgninchtde dusire netdmitsd tasyzanged i n

vari ous, %pﬂ%a'te? ns%g% %assjﬂﬁor%gﬂggsg%%a} BT l—OJr%b%tthl%fl qh%%“)s%ﬂotﬁ SIGRJ] tation

set . Per fons’ in e sin at1 ons as we i nat'i n of
nut at i qqhssrrpms&mdatee, shigap Mh(tsh@f@rbﬁhlon@d ss@t phdsplee3 pnd @@ﬁmhu@haoanadms " or

"ai goru/}ﬁclzhe[% L Q&S othgrqfla tdQO)QHBASgg ﬁl%%e Bﬁ%l&ﬁgﬁgeﬁ)kg&'ggs H(‘lglggggs%ﬂ\/le Whi ch the

nucl eobases ar € connect e ugar osphat e - phosphat e
backborcé?rge@uem’pguams?ylmmlimkagmudi zisghmudetseldledde@ Si P\mrmtﬂe Pol13yi%e red GfS. 2'
deoxyri N4 ¥ S RNR)

pol ynucff&gegtjjﬁ%jg%ng(é?igé or‘rf)gg% ]%%ldr%fn Elg% NrelN gﬁﬁﬁ%ﬁ% ggfet(aent i ?eﬁifmof 2'
deoxyr i@Gemiskabdt:pde141). 69¢1m0ﬁ1atf¢lml9rgeﬂ@mé@u.es inedG3]the' Regdrynlicleeotribde " or

AT gonycl.eatl fes ABRIRY whelef filsS it Qnilihk SARRR GibBRlY TEfefie Pl 201k GBI S 1 0
Specifically included within the definition of poly- and oligonucleotide analogs are locked nucleic
acids (LNAs; see, e.g. Elayadi et al., 2002, Biochemistry 41:9973-9981; Koshkin et al., 1998, ] Am
Chem Soc 120:13252-3; Koshkin et al., 1998, Tetrahedron Letters 39:4381-4384; Jumar ¢t al., 1998,
Bioorganic & Medicinal Chemistry Letters 8:2219-2222; Singh and Wengel, 1998, Chem. Commun.,
12:1247-1248; WO 00/56746; WO 02/28875; and, WO 01/48190; all of which are incorporated

herein by reference in their entireties).

[0064] “Primers” refer to oligonucleotides having sequence complementary to a target sequence,
generally referred to as a primer binding sequence. The complementary portion of a primer can be
any length that supports specific and stable hybridization 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
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whi ch the nucl eobases are connected by a sugar phosphate backbone
conprising one or nore sugar phosphate anal ogs. Typical sugar phosphate
anal ogs iwol2ooei44t98t are not limted to, sugar al kyl phogpharsatess7ssugar
phosphoram dites, sugar al kyl- or substituted al kyl phosphotri esters, sugar
phosphor ot hi oat es, sugar phosphorodithi oates, sugar phosphates and sugar
phosphat e anal ogs in which the sugar is other than 2'-deoxyribose or
ribose1nmmmkboha§@rpmnyﬁmnsmhaubmgmpmsuLﬂveaytbmangﬁm SUGar19ganeror Ay |

interlinkage ch.as ose n U S. Patent 6,013, 785 and U. S.
Pat ent N§° &’é’s%ﬁég'z‘%?e 19 ers 3 h"%ﬂ‘?n BYJBEMeERse R e%@‘% & RROHNE. 1 153,
Denpey e@tendbn by th@ﬂ(ﬂme}asémhanmﬁﬂler il Anfieblddl ©-thdéibpt seGuade. ﬁﬁmphﬁmby char ged
\?\ﬂg‘: gggp%?rhel ’n elrs to \a}%ol cﬁgm?cﬁe%?d%%nmerluge%%grﬁ%lg élg(éa%gn a% eta{ eI ralc{elec ag‘ltdosp;%%@s DNGS’
gg:flog S%SLy Irvr&lcrldugn“ﬁgr” an Lre\éegsleb Sm ’H&%r %0 aset 0(1) amgpr (%é 101§rggner gr@%%é ggglzde
Bi ochemirister ynnddls @)917633 %&Qﬁ thiKagdek(tampddte afand) vﬂﬁ@&he QiheApmﬁheaml@@co 120’ &8252- 3;
KOSthn ?ht CaIIn ema . gﬁtrangc;dro Letterh% 39:4381-4384; Junar et al., 1998,
Bi oor ganl o R}elcril rﬁ "}g emstr %'fnf eris 3112219 2222; Singh and Wengel

1998, “ﬁ [ .12, 1247 248 VO, 00/ 567 8875:
01/ 48 158(%3! eoe erap[ i erarase uslenceor?m(’r)erfear to Cfi ;hrlmerétlh Vpdes {e lr%aésﬁcénee de%enteli_allte

entir etdodg)at a p@@tﬁzﬁ]of ‘a @efiinrd dﬁ‘fei‘enceﬂéms tabhapigh gm rlmml “degendas phawi” igsigeiuence
conpl enel 1%% Xsett 8f i fffluc%%%ld 3 R 1%81‘[10% &0 %Iégce ct ff(()arratt ﬁ‘lg E)SclJtl()afls % deﬁneﬁer
bi ndi ng seq Fhe el et ar ortio o)? pa | ength

that s upif:ﬁmrtcs Aqifbmrfally; aa‘detesctrab bembly la$ usddl hatnn om maudvaemre tHae oper deigereraamd t he

t ar get IH‘??W eacti.on . D1 out 5
to 60 nég G’ml auleB%Fg?g %%%7@&??6} %F E(ﬁg?vcan gé)ggﬁnl and
in par tpoe:lublacvf thel@ﬁnddldlffdrancelBpgehdrate bﬁmef_s@an Hcrysed B, PCR)rea(ainuH toigeRfate

nucl eot.j n « ra re
capabl e dg%e%erL 2 191?1110%%5J I?(%he(%g Itl%%_l] lng Je? to é%genfb?eo;lnd(f%thcév%\g &%g?ﬁ% ) ynu(ﬁgotf?l

anneal e»drlarms”tah@)rdlag tgelne sabpdentbe pféﬁampﬂlsdlwsuat(e 2] mpqtjynmhpfidervelflaanssenwdlm

ol i gonygl eot I i b t l el 1.d
sequendBr BHRBpBMT PR b ol ARl s Uy IR ARY oY B0 3G°
anpl i f iseateh@rpoptiomer s, where one prlner anneal s to the 3" end of the target
(tenplate strand) while the other prinmer anneals to the 3 end of the

conpl entd#7arRrotimag@tefas todhduicpoadeplistinge fiom anpfiied base (§-0068]t tdgeder at e

pri mer" i 0 ri

Gegencr S PR RERRUEELEE . b ReRlTRLoP Bk, RGP0t S (e
t er m " deyeives cinde pedommrodated ingi sigld (éigoriwlepfede@rlmet wed fag emp bficatdrn goprsedl eot i des
havi ng e I

dlfferé%géﬁﬁkﬁgo gﬁ%ﬁ#ﬁ&§)eﬁ@%%%%%%aF%B%%gﬁ%r e&ﬁﬂ %Lﬁgrgﬁﬁ&%gn i ncl ude
mor e thaﬁnﬁﬂemd@@@hmg@Kéﬂ@@dmmrGesgnemmWﬂMnﬂNQtwamdﬁﬁmnemmﬁmpUﬁH@@@@lf|c
codons tﬁ fﬁga-ll;g‘ﬁ ﬂ;r F 2, Oly g‘"\(ﬂ-‘é \‘%\qir%)l 6af8 5(51 %r %@cieog& b%ges taﬁ'(? argi folthﬁlEd

di fference. generat’e’ priners can’ be used | reactions to generate
the primer. In some embodiments, the location of the mutatlons 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.

[0068] “Protein,” “polypeptide,” “oligopeptide,” and “peptide” are used interchangeably to denote a

polymer of at least two amino acids covalently linked by an amide bond, regardless of length or post-
translational modification (e.g., glycosylation, phosphorylation, lipidation, myristilation,
ubiquitination, etc.). Included within this definition are D- and L-amino acids, and mixtures of D- and

L-amino acids.

[0069] “Recombinant” when used with reference to, e.g., a cell, nucleic acid, polypeptide, expression

cassette or vector, refers to a material, or a material corresponding to the natural or native form of the
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"degenerate anplicons” which can then be used to assenble and replicate
"degenerate pol ynucl eotide variants" according to the nethods of the
present dwvechusmum3(e.g., polynucleotide variants encodiPog/us200005®0y of

pol ypeptide variants having all 20 natural am no acids at each of several
defined am no acid sequence positions. [0067] "Proximate " refers to the
nucl eoti de di stance froma defined base (e.g., a first nucl eotide nutation)
to a sesoadl, dleaihztse)derba&éﬁc(dazyghq ingodnetond amemlnemtyi deﬂtmaﬁmdf(m):xistmer e the
first and _second ns can |n a ol i gonucl eot i de
or 1 mer D0RREY oo oG 5T BEE ARG BOpiPod BB FufardBRET: ey
Thus, inmtmﬂnmmgh@dmbmmt sechiitpes t Ecrrrmamplaxembmantmsllmpremgem dhankre ot espect

to the ng s can be

or oxi et s it bl o bnpi B oF OO AF Suaq R MEEUEToCE" 12 1
20, or Rpressuntiegdehdehdraseshcanst apessal bt differtve 1@rl, rypicallyl, un@omrﬁndnml noent s,
t he Iocatlon of .the nmutations with respect to the 3' end of the prinmer is

such that" andotlaiugonucl eotide annealed to a terrpl ate strand can undergo

F)SEF;;;[B&OBMRQ Yercd SedRgite” {a§ead%sa(,:dehrpe§%gci})1@nct%%lée Ias g:,%%msusre Z(Ij£ eq 1%1) %gr cqmp Pragéoglhry' to
denot e Aarqﬁmlycerquuafce aiay beasitbsdt wbHa argenﬁqmcdﬁoremmdle latsd:gmdnt ofleddll-ppgtan am de
bond r eeg ar d 0 € tfae s t h Qr{era OSat rte era nsﬁ! al llle(r)ur:]eals at aslr gd nucfeotlc{% og amgl acid

gl ycosygl yp fa?l on, icdat of, ation, ub ination,
etc.). rbm:deunhddlgwh atheast 25hlesd1d:efn lmgth anleat ﬁ) 1ié)s1dmd1 leagalion the &dl lehgth afitble

m xt ur en%cl(e)tfc acid or oq ¢ f’i c{n @Oncg. 9w %gs (')'rRer gi?ldnsang e"a V\g (rzlorrll'I SrlesgI a Wi th
referenceé ta; % PRI Pl o 1 c acl r?oyf}d)e 4%, I Oh” cassette
or VeCtseqqencreEﬁ eraSpdm:)naof n’&tcemplaie sequencg) tatiesimdlhr teovaee gp owdi saqgerices trhlg2nat ur al
g; g.a?]Ie:I/ve rr%]'?% t[rncgrréq,r}sp ?tgcg‘]}yee [l ﬁlat 18 fhverﬁern %t\x{%?rg tﬂe {TD 0 seflue%ges bs)é%tepl?e?béorr}gggs%rqg tion

t echni deegen ovo (psmpxdkmlyrmalleotidaemqiodypbmtdeme)dlprceld:& pnrfodmdl byedmparogn s y nt hetic

material.s usin nant.technj a For, exa recoapi.nan Il's
SCquUences o O Oeynuc ?Ot]fdes or O 1 &s ({Vﬁr a CO P I’lSO WII 0 id nt
express genes a no oun non-reco an ) form

of the(mebMe@mMqumieiageamusmdwmbeic aC|ds ) or express native genes t hat
are otherw se expressed at a different level, typically, under-expressed or
not exdfEd$ ERkpditatialT refef0 ¢QyingRd k emrgn pelysetputdrceduecnafte smtlicsizaa ge¢sned
sequencg r q C .1 S refer nce
ray bo U RS Pl ol b B RE MR, TR R0 Rone By DO B AUE T B S
fuII-IGQQMhegdmmwhmuﬁnbypem$udepdﬁmmEnmktm@@ﬁera#%wpmakmeM©fém@@gxequence
is at ide or amno acid residues in length, at |east 25
re5|dué§ %ﬁﬂ%%dg 5%% | east 50 residues in length, or the full length of
the nu @l o] e pepti des
my cadh Ph) a%%%% YRR LGSR ALY QU R o iy P pEpt | oo
t hat i dargérmolyanclipgitlovrgnencheantbadivided irsme ploraligmd s¢gjents, wherein the combination

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

[0073] “Polypeptide variant™ or *“ polypeptide 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,
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 sequence.

[0074] “Watson/Crick Base-Pairing” refers to a pattern of specific pairs of nucleobases and analogs

that bind together through sequence-specific hydrogen-bonds, e.g., A pairs with T and U, and G pairs
with C.
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may further conprise a sequence that is divergent between the two
sequences, sequence conpari sons between two (or nore) pol ynucl eoti des or
pol ypept ivox0mv4togpi cal |y perfornmed by conparing sequeRrCESeF0I0HE0T WO

pol ynucl eoti des or pol ypepti des over a "conparison wi ndow' to identify and
conpare | ocal regions of sequence simlarity. [0071] "Replicating " refers
to copying of a target polynucl eotide sequence to synthesize a reverse
conpl en@omsarsubstirpyondicferhe tb@]ieyllad‘mﬂeﬁodfiodeor Iﬁ.‘ﬁlﬁlﬁ@doltiyes olrexpinbtaaitlsi mygdiffsredtone by
pol ymer ases. t hat te ol ynuc eotide to

ol ynuctag o PR P Pl o AR AR R PRI by Rusemlot 1 e
sequencald-fypdsédyentSegnent " refers to a sequence that |s a portion of a

| ar ger pol ynucl eoti de sequence. The | arger polynucl eoti de sequence can be

di vi ded00761 tSubstpitesT ‘Huppart, ’b‘f oﬁéggm S, “SulheCaetie, ”tohéR@bﬁiaferiatticbang@abletthms
segnent.s ses e ful e of,.the | arger uc‘l |de ,sequence.
;0073] DY BB O b oDy it Ao B e R R R e P e e

t o pol ypepte.deslwtfmchbane” @osmpd s@drt oefn [e::3 csmgcmseahbf dlganw@ly&wmwloﬂal
aubst arba gl b B b B R b SR B BB Bl R
enbodi n:BIWCeH as waadlyagerpmid)gmﬂstthed@sﬁ Ao0iptsug®riccas alss By Marfganie sarh as glass, silica,
non- conser t|ve m stl ution addi etlon of one or
or e’ anp AR by B GBGR Ssd PPRE bR ey R PSR RaPlonf THR e " D074
"Wat s orrbﬁﬁig'MioBaﬁaasdBaram aag b¥ inrthd Errs of lzads, paietee partiokes, gp@aies, ia@elpai r S of
R;glr gggﬁ's q)rana%ga zsa‘ur} ace Krtta(r:]e%‘tcanbbe ;ﬁzh S &g%lltyg r? arg hr nz)lg a%QI'C %ﬁﬁ%ecb{#fg]

" Subst ichubé pmﬁusroeﬁ@r p;orbt(s ztnldearr Bk ammgm 10fi- s@ﬂhng_)uhammmucA sedidisdgsrtor
am no a(‘:%l ge c0n¥1 rec{ 1nqﬁ orm OP a wglptdlepcriees% l’cl) ror g‘ﬁ? rnc%nt%ﬁllerd é?ssgl,etsggr%,td Y cat¥dn \M th
respect to et erence sequence, e a or exanple, 14- %

S equen(peuralitga Gﬁﬁbpd'rﬁubsber(&hﬁgdfed cﬁwpraorast at kzaﬂ@ts llacalti B piddietsable TCﬁSO(H]OdC Car rier,

or "Resjp" i ntercha er ns refer to any solid phase materi al .
Substrate a $o Fofged S¢S Org geg%(%f)%lrnrer% &uan rmsmlme t|rd phase, " "surface," and/or
" menbr « ol u S I uch as
T A YD RO, AL TR

pol yet hytbleg@mya subptehtinlppatongl ladistdes loafglowellh s@se gubodmioptyeths agentd ogtlaf t s
th f i
et el s sl PURBR S e300 AL ARafi e SHERIRT AR Tocaild b2

revers Ica or such as gold or
pl at i nuhe arfﬁbleA(foncfrmgwwag@n@mllmfefas E)wbstrmamevlmalrﬂet@ethnrreqms thopsmodf beads,

spheres 1c19)§lcroh{b %et%§t (m% ﬁ@é& ?o%rplé%(eg%lrme(?wﬁ{a ﬁtg‘ nﬁe th%rSlllb%‘gay r z&aﬁ)gat1o§u 51I C e S can

be pl anar sta n or non- rts can
por ous apuay reders pcarlwi;zedazrﬁd ooaln: ahayslrm\eﬂhhu 1mcgud@s ageots- e@vhecﬂdﬁmﬂgso that it can be

char athﬁJn'ng&&h%&fr a2 dnd o§é{BR§){e %8 PSsit 099 &9&15 S Ak Lok Qe el 1,
f) g\i % or ]Ioc tron. A

depr essi on; ér con al ner,
detectable characterlstlc that allows the locatlon to be dlstmgulshed from other locations). The

location can have any convenient shape (e.g., circular, rectangular, elliptical or wedge-shaped). The
size 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 is no restriction on
the format of the array provided the individual sites to which the agents are disposed can be localized

and identified.

[0078] “Reaction chamber” is meant the environment in which agents and/or reaction components
takes place. Commercially available reaction vessels contain at least one reaction chamber, but can
contain 8, 24, 96 or 384 reaction chambers. For the purposes of the present disclosure, “reaction
chamber(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.
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plurality of supports can be configured on an array at various |ocations,
addressabl e for robotic delivery of reagents, or by detection nethods
and/ or i nsoramers®3 [ 0077] "Array"” refers to an arrangememusedooagmsnt s
(e.g., proteins, antibodies, replicable genetic packages) on a substrate in
positionally distinct |ocations. In sone enbodi nents, the agents on the
array are spatially encoded such that the identity of an agent can be

det er m [0&M9] FRromariatrey”lrefe@tio tha aoay df] Ipe‘mars roayrimék seuexl oaar ayplifigeneraktion inef er s
to an arr. 0 ires scopic detection to
detectImg?&Phxgmpygnﬁ%Hmso?%ml85% @Hggymﬁgtglfgﬁl A ]%Eatlon" on an
array Rﬁﬁ@ﬁﬁshpmaoﬂbﬁ@ﬁdﬂﬂdm&ﬁE@nmﬂshhﬂtammaﬁysmmﬁﬂmenthat i ncl udes agents,
each defined so that it can be distinguished from adjacent |ocations (e.g.,
bei ng {08301 i'Amplitoo arrgvTecton er @l drraaganayt ofemphdad pogynsdemidekein ecﬂit:bdnlakiy
fgggf‘fgf];' Stléﬁ%ﬁo § %%ta s&oslﬁa % rfgt ,ha%‘ra% & %‘ttréte A g]l%/ sg)m%:eﬁ%béaﬁleﬁg Lﬂze N85l af’rrr@ggtngrer

r ect angubathe sapid popmomaahrrmgemﬂd gsehsbmpsed)ray, T as iwhen me alaplﬁ‘a;am‘n reackioc@t i on

can vary_signi.fi,cant| rra struct.ed on substrates, such as
ghrrt ngjnhw i cr mrgtog%TmpameF“ﬁm euggﬁ?lgured in the forn1of wel | s,

gl ass or S8t c Crosc

depres h@ﬁ dro ets, .or_qther. co I her reac essels.. such as a
‘Plasnii vector’ andlO casSette re@er‘% an ex?ra C romo omaE eleme \{ ﬁe carryin,

nlcropﬁ ?WE$¥—— ——r%e A0 T estriction ont HXB% of the

array Qﬁmmldﬂ@mmﬁennhdﬁmmdﬂahmkwﬂ@&kﬂmamhdén%%mmkag@pﬁxhakewdmspmbed can be
| ocal i Z% ongmguslymﬁ?riltc%tfing%g%utellcegég}omea grt atinl se&ue%c r %el or nncﬁ 0t1de geiquences

envi ronnen n-conp
Cownerduehkwcmw@ﬁkﬁbbmgkeadbwﬂﬂMVeeeﬁmﬁA©0RNALmﬂaedﬁeasny@memﬁeamkh@n

¢ harrbernfum'%?J totf %1 crfeo%ag 5 ﬁgenags have‘lbeeg 201 ec?m 1g‘edtlﬂt 1y 1qk1 n?o%,gt%;,ctul):r? Trvl(n%]?f%,,

pur poses 0 I'scl osur
"r eact icopab df e(tm)iudingaa eomstedirignteatraph @h@ea:lqhqpce fana eele:tqdlgenecﬂm(mct aagtwitdn

chanbe raa@%g?ﬂe, ]3__) u{ltrgnrs]ﬁteg gec{;};n%e 9r\t‘£6 é gerll V\Ex r<§ssw£I c%se%t@” ye?er toqI éec%c Vegtor

pl ate. [ I'mer sets
used |mo@mm&gpﬂhkgugﬁw@mdh@mmﬁqhmmnﬁnnpbmumnmmeﬁhwgmgskManKWObat|ons on a

substrq}&egﬁm% thaft BQMMﬁﬂgétrate) Cenerally, the primer set conprises a
pair é and reversé prinmers used to anplify an anplicon. [0080]

"Ampl i con aggfy"lwgﬁegofg lmmmnéﬁgwgmﬁ%g Qm,appllfled pol ynucl eoti des in
positional | y di stinc Podat 1 ons on  a su te (e.g., array substrate). In

sone e rtﬂmi ireapresent dixeloauwrp bios dlas @ethads of gmehangpdlhaclsam vpmmmsthawng h
fcation reaction is

arrange as t he arr (r
dfr? e[d s of s%qélergze dlq‘Ferences fr0¥ﬁ 1re%erence ucleotl €. secl Cfe 011 SOME e 1m8ne 3

carrie I'mer array to generate a ynuc eo
[ 0081] theﬁinahcmdsdi‘e apblmblle dwr"g,enamhg ‘bolggebiotides en@ﬂmg pbbp@rudexarmats obhviigrosonal

el enent f}cletde IEr Frima PAAR qu"g‘nceI aucszoua]‘g!alre\ét. are erenc O(I;lmeotldeCII{’l(s:é'” ar
doubl e-'s ran f'ect S8 enents nay BE> AP ononmoust y
repl|camwngnsmuu3mm¢ﬂmc@@mbNmmmmﬂegfamﬂmgiseqhmmb@skdﬁﬁagesdmnmuehﬂgtide

sequences | | near._or .cir a a..sin d stran . or RNA,
deri ved' 1(’)nsm %h Slent Irllﬁ,t%long uf'he \Bﬁlyg cleotlaes a e%ﬁm tly ggllfle? & by using 1i (iigl%nes 0

polynucleotlde fragments Where the members of the library encode one or more of the amino acid
differences as compared to a reference polypeptide sequence, and the polynucleotide fragments are
designed to have overlapping adjacent regions such that selection of an appropriate set of fragments,
with and without mutations, allows their assembly into a polynucleotide variant, such as a

polynucleotide encoding a desired polypeptide variant.

[0083] In some embodiments, the method for generating a polynucleotide encoding a polypeptide
having an amino acid sequence with one or more defined differences in amino acid residues,
comprises (a) selecting a plurality of defined amino acid residue differences relative to a reference
amino acid sequence; (b) defining overlapping segments of a polynucleotide sequence encoding the

polypeptide with the different amino acid sequence, or optionally the reference polypeptide, with each
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nunber of nucl eoti de sequences have been joined or reconbined into a uni que
construction which is capable of introducing a pronoter fragnment and DNA
sequence wonos/seloact ed gene product al ong with appropriparas3ooomstsnans| at ed
sequence into a cell. "Expression cassette"” refers to a specific vector
containing a foreign gene and having elenents in addition to the foreign
gene that allow for expression of that gene in a host. 5.2 Mthods of

Synt he%gnemgbeﬁ’mg l}duud)dde;@tmsete)f‘ftawmamh$reﬁzﬁ€k&ﬁjmeTbmdmgeamaicesjm&eﬂem&ur e pr ovi des
met hods ratin nucl eot i de variants

sequendearrass foude: PR af Bt B TRt L3 il BufGuRSiaffhesde
enbodi rmcrhn;gasste&hm tl’re:tehmthesaxf eleafqnpzlatdmbflomefmm rgiamey hitibigl tpdleyrimet lﬁmimgjes
encodi n varl ant s n i fferences in

sequenc u% c%gx LP%eac ¢ eelnfg Wnlct: et%f) (s)ei?yir‘) %ez)r\?/ar and TEYETSe gnmers%ﬁle&eurlréelec(f\ed t he
pol ynudblemd ajﬂ/ovwvmampmndmmealatlde)blynmﬂleosléé seqlﬁennud:lffenahdesieo ginkfaeradibcag | N
non- codln ent tions. . T nucl eQ tides

ort or diierpi ol STrsge Bymbdh rE g MR g rinbaR PR BENPSREN s, where
t he msrtﬂ»mrﬁcmrﬁprisénendmﬁarsesugﬁcEncmdasmteingtwcmirrrmroﬂlfteieet mm@ubaeqwbnoh fferences
as conpare rence nucl eot i de
Fr agmentara e b Ea e G nE0u RSB BRI LSy LT uRIbURR TR
sel ect |mrphodns aaviggpnpienicatasy aslﬁlbermfegfdhaglaﬁngesher wicbiie e polypeptideutithnaut at i ons,
glol S\Aﬁc eeltdraanno a [H)sa%{uneace aPeHn‘%iPt}"é%‘%lg% gr?etolr ?neo Gev(?e\f;lg?din aar}ir%{lo acrcgﬁgglje cPffergncFrsE

enmbodi mat{s xepulbeemgﬂte Retdf ﬁs(semlgedmn;atcbmgo ayn;ﬂmhlymuhe bﬂpﬁuet&etu&rmmﬂunggha

SIO:‘ %’g?gotﬁiyg Sp‘u S zlgri'm%rna %t%i é)ﬂ((:)ong'g(l) (iIall% ggl?otctﬁe XVI ﬁne an)uno a(ild (&j?ijerﬁnceasholugiraél Wi y of
def i nedhasynthesiaefiachlurggy di@lmélé@rdmemmﬂb ﬁnlaueoﬁsmle@errmitaroem@nmm avod aci d
sequence ﬁQ% defining overlapping segments of a pol ynucl eotide sequence
encodi ng YRS poI ypeptide with the d| fferent amno acid sequence or

option feren e wi.th ea d by a
set of a[bl%ty \]Na 3/11'[ c dappar\e/rgi?os @1 sl%ﬁ??re arrtl a s(ejlectmg the do(furgle%g@cpetﬁ ml 0ac1 resﬁue

pol ynudliffatricekecas ¢ ulgnios! fuih f/moemﬁmroemdodomgeremm@fs thhempllomcﬂlréstdye of am no
gﬁ'df'O: %f)'sel\}gl}essaga Ix‘);rlreer eo%ﬁl%g H{ufau ”{é"%{lﬁ {po py&ef)rg S csf&“%?a%?% ﬁomes&]ugges o?E ‘g’;’” d
anpl i fyartﬂgmemﬂ#gese;gsnsnh asnﬂa@ﬂdestchbe@etCra)ﬁerIfemalvya@%B ahblArsbmﬂrrge)f pfanigred,

wherei n_sel ect e d_forward afn d/ or v ri t ol ynu tide
sequen dge glf%olmer\éeﬁsce esgecn’;;[s 8cce rates d%rec% (F utlgn thre%@??gé 291 3 Eéao Crl e¥ a[ﬁl (rilg&PI’T'e nber s
encodi rﬁg/lcﬂetweladevfoiumeniomamna@daﬂoﬂﬁdaﬁ@r@m@s baﬂnNAAklmffbngq” Nhterelﬁldae@;lr y

conpr I S&% 3%%%@%# fl{ Il@b’}a nf)*rec?eigli e@%[sﬁ n ofJ f gh gfféc 1ve IQructch?d’age J a g%] 51da sne] no

aci d sequénce’p amno acid residue Terences;
(d) assgribiA alglfﬂhngmdsheelhmg)f‘ Bioy Natl aetd $n‘1 Uanphidd e Ohaurameri ct@ﬂrpl%me ntary

adj acen‘tl r%gedonesentﬂu?}e%cel%g)? teblgi) gln?egl(ﬂgr etvgﬁtl(pn usﬁ%wf&e gnuﬂ){VI n, rikla%mg 10 ecEd am no

acid sequ%nce ernmu aVI one or nore O aCI residue
di f f er eldGd§-319; Stemmer, 1994, “Rapid evolution of a protein in vitro by DNA shuffling,” Nature
370:389-391; Stemmer, 1994, “DNA shuffling by random fragmentation and reassembly: In vitro
recombination for molecular evolution,” Proc Natl Acad Sci USA 91:10747-10751; WO 95/22625;
WO 97/0078; WO 97/35966; WO 98/27230; WO 00/42651; WO 01/75767 and U.S. Pat. 6,537,746.

All publications are incorporated herein by reference.

[0085] Typically, a mutagenized library of polynucleotides is expressed and the expressed
polypeptides screened for a desired property trait, and the mutations associated with the changes in
the desired property identified. Large number of mutations affecting a polypeptide function can be

readily obtained using these techniques.

[0086] In some embodiments, the choices of amino acid residue differences can be obtained from

comparison of amino acid sequences of related proteins, such as those found in a sequence database.
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and (e) replicating the set of assenbled anplicons to synthesize the

pol ynucl eoti de encodi ng the polypeptide. A library of anplicons containing

al | of thwodefoyme3am no acid differences should all ow Prh@/tsgehesds of a

plurality of polynucl eotides that encode for all possible pernutations of

am no aci d sequences. [0084] As will be apparent to the skilled artisan,

selecting the plurality of defined am no acid residue differences can be

obt ai neﬂiqﬁdnmmaﬁmwarsidemifﬁsositions mmrﬁﬂ’rdaﬁdlhm‘mdtrSgiddehﬁataﬂdyﬁm impcbrdmrtesi due

posi tians orr ondin t a. defl ep n be

obt ai né”&"t?lr g“rlﬁ"g ué%‘e“é’g ?‘gbr? of ea*ﬁ{f‘)’r éeff S(iamm" S anééos %‘f “des carn}dba 8% n

Cr aner ial.e2008) J. Biol 998m. 27!3[\3«8) 2910f 20 708gand Redilyfeaat, I290 loProqameSmfcnmmFdnmen,se

speC| es g&cel er . E‘% 5rect ed evolution,” Nature 391:288-291; Craneri et
U6 §6Ul°ar evol ution of an arsenate detoxification pat hway by

DNA sh u S: 438:. Zha 1997, rect ed

evol ut 10 7h o SPPRERe T Mt BT pER T unf AR0R Bl Bltrinsd S Al OF

shuf fl ISB@JGMIE@@@WW@,M nﬁn@csuNaadeAmmﬂpI&Insfbiﬁﬁlf&&:pﬁﬁwalaﬂgﬁg InGpakeri et

reen fluore t protein b ecul ar eygl uti on using
o’ sharinesy e RV G e iS4 EE FE by LBl RSN Bocd' Lot on
of a prphtwitypes. See) ¢ g. Bithyel DAL sI909, fGenesgnd Iatmityel : BYQ) (&&QetQQJZOOStMMiOI 1994,
"DNA shuf f ntattona
r ecorrblqynat i%fn’p’% s "218%]"“ Sl "a‘bp s TR Tls cf né%,g. ngixlqy of the
91: 107 &mlﬂMSﬂmSlm d@ﬂﬁdréhz&%g fobiﬂn@ Wrﬁtﬁﬁlﬁ),lyp‘éﬁ(ﬁg éﬁﬁ@ﬁ&nce\mllﬁmai@d?@aﬁnnce\l\o
00/ 426 VWD .01/ nd U S, Pat 537.746. Al ubI tions.are
"ncor portua HE SRy P E R oaduR rd et o PURASHRIRIER Por ary o
pol ynuglagstladgsteins expr essed and the expressed poI ypeptl des screened for a
desired property trait, and the nutations associated with the changes in
t he des[DO@dNﬁhempe ptuyalitdefniidd adl rediduegeffaencbres dgednrithtaspnstoafréfectieng a
pol ypep f [ 0086]
In so n‘es%% rTEce %ﬂnéz)lea?urale%ﬁ& e?lﬁocﬁn qgé 1le ere%?é dl}ap%gtl% pagfggpgld% }la%?gtﬁ g%l:\l?ecan be
obt ai neded as@rbagofvp alcntEping @a‘grramsrﬁadaﬁnng &eepumlrwesswd)f: geretagtdadcpatothei ns, such
as those fo e se ri i.fy
poSi t i %1 nu#i@o%dé Ba a%%el%?ag 0%1@ 10(3@)&%93%% %Eglgg?lﬂg%dnﬁgnwﬁie p%% @?)ﬂd%g l(l)erh(f)gr ot ei n
f unct [ cm;:d whbctestoiaad tovep pectlasgpeead af bng deit Bnc@dbsaoncmmbacse@ascaﬁaﬂg% See,

ci ai . BSAE Bl Blites 1RGRRncr e aiscia SHERRco 2 o R PSSR GRS Y
50 ]9 ?Z]r eblasedsoortﬂn’ @ vipdletionamtiig, (¢! gg wﬂp{tme}astequepz@cﬁr ade@uenf@d)pam;lznd)foacirdessies ind lﬁl eas
pIO| ymor B%I %H%Iaé}g?n? éxp ?fs Etgreg)tgag t 8}{1@{{' a&m%zgdg 15(1? @ga%??rlrgé ?f;“{ﬁ% ]%ol)ﬁ) @?&e%tf ﬁfterés!tj%

pol ynortphé¢ swscsgxan 8596¢ b atlpahcleptide sparehéecu waich iieabdas emlopamize¢fos and

?:S Zoglgae&%%sesgolﬁgl?g t o?%ﬁlblbe &d. I\g(?dgn g?tﬁ[ﬂg%h ecﬁlgiql%ls are w;e%%thin%p 831 gfqgosle i nity

the art.

[0089] As will be apparent to the skilled artisan, dividing the polynucleotide into defined segments for
amplification can be accomplished using techniques well known in the art. In some embodiments,
since the segments are defined by primer binding sequences, which are themselves used to introduce
mutations into the amplicon, division of the polynucleotide into segments can initially take into
account the location of the mutations on the polynucleotide. The divisions of the polynucleotide into
segments can also take into account the total length of the polynucleotide, the efficiency of replication
(e.g., amplification of segments), and the desired number of amplicons for assembly. Other

considerations will be apparent to the skilled artisan.

[0090] Amplification reactions can be affected by sequence, type of polymerase used, efficiency of

primers, and unwanted side reactions (e.g., primer dimers). Thus, in some embodiments, depending
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Evo. 18:1771-1788. Collections of polynorphisns can formthe basis for
defining a plurality of the am no acid residue differences for formng

vari ant pabDypoptssdes of a reference am no aci d sequencePCCarsbémaasisons of

di fferent am no acid pol ynorphi sns can be used to exam ne the function of a
particular protein. [0088] Wen the plurality of am no acid residue
differences is defined with respect to a reference sequence, the
poIynuahehhbdbhmmhdﬂhmgﬂ%hekmﬁkef&n&&n&&ﬁyﬁep@mdmda@ﬂmhdnpﬂuwphmtéde

varlants o e _us asi s dent i se defining the
anpl i cORY @go Ea “t ﬁ?ﬁ? 3?%@""}5%5 "éreéaﬁé‘)dt‘ﬁ‘é“ "TI‘*'XS 889 baS‘f%u 4% ?Q&bné?ft"rkess

anpl i cony thesbmaesy, 60D hasso oEeless M0 basre 0t 18ss, 4(]®e>a$wb1ylleue3(ﬁ)diaseder qumﬁ)rhaess need

not be r strl d to uIar 0 S can

o used” S50 & AR Do R BRL LH PG SERIBPRS0BEen Bl oS PRd ER 050 acha

sequenake s@gmemst Bfi@stabotft’e tpaloynidod ba:sbs disouc 200 thé0letmead, abnutt3loe taTe) baseh,| y

occurrin t nce uenc ti e ex ression

in a par %ll) glg &)tb 6% %aﬁ?ss%(ﬁﬁg%bou? %H’(ﬁr 436 be(‘lng uselsu?qvegl&n?ené&a 1ven%h§)eftf1c]1§61 exarrpl e,

if the g@lylnyemeqﬁ;tuseﬂam(amphiﬁrtaeomacuoss tIn vdﬁ@uexrpb(eimeﬁnh thla s@metntslare qvedapping

polynucl guence i n ons are o d for.expression in

E. coli® a&%atg}ge 8"1“@6"&'8%“‘“@6{?% z‘?ﬁ Sﬁq‘f‘ RS dge: SP"GHWYSPIP%& thin the

ski |l | afvelldppime complelhﬁltza:yteglo[nﬁ)ﬁ&%]sseﬁﬂalmg ihk pblenefpadeent to the skilled

artisan, dividing the polynucleotide into defined segnments for

anpl i fijeexti hnsotmmmbedimelﬁeml aidﬂbsmdomﬁam@nglegihm stjodd bovefl shfficivovlangtinartdhe art .

I n sone,_enbodi nen C ts a def i nmer, bi ndi ng

sequencalm e any it o didet e EOER Y Bnetd (v B L PSR AL e

anpl i C@ﬂselrlﬂlyvufsheqmlymﬁclwulée p'ﬂiuy,nusdrmnhzbdlmdntsothskggthnf svedgncanme tioambye t ake

into acgc | ocati (pf t he nut a oNs qon t he Xpuq eotlde The
nuc 60 %de% OI‘ mo ¢ NUCICOT1AC 6 é)r morg nuc GOtl cS 8 or more nu GOt C O MO {e
di vi si ons "of the ynucl eoti I'nto gnent's e I nto account

the t otrmbleételegtl ) oot[nomz Imeclpmidym l@; breodre dm;leduldes 2 cﬁrnnnremwjeoodesr ¥plrnead | on

(e g , ifigation d. nu icons for
oo 300t A Bl BFAEESH SR b LR B0 S BHER G R ARl

[ 0090] oqud; i60 oclassinoplestelacinilogth a aernbmdasfyftwbddy t@yfomeqm:umealetw&)liodns

B?: ?lremra rS’;‘Sc% t}lfes(%gﬂape{ég)r%l gﬁrrlle(rzéil 1nchp ¢ th CF { %‘mglag Qe\éqvﬁ?};[cgsdusg o %_?ngr? g‘,if\l{a: 0 In Z n é? h 9. Ol’c

t he pohmmmdhenheH&ghof®@ﬂas$eahbmdﬁnwhedﬁeqm&mmnhemgnhmeoﬁhebmn@@@@ bases
or Ies ases ses, .or | 1000 S_ofr S 900
bases oV eGgasnd}%éffde%e “ées oFéﬁera%e e %03 (s Qlde difrngcss en"%dg}%% ¥ m‘ét'é‘“%*ﬁ &ss, 500
bases antrddessl, 400 bases or Iess, 300 bases or |less, 250 bases or |ess, or
200 bases or less to about 100 or as few as about 50 bases in | ength.

Cener al [P§92] Iresogic lkmbpdimbes, shegraminss drebdundath balpoioter BiGdingscgixmats td @OBh Baeses,

wth anode EebtRgeRan R Ry Aol BT oISl G ARRL R R 0, "ot o
poIynemaseemusedbwﬂw@mywsﬂﬁ@amﬁwnﬁMeambmmnenﬂ¢ﬁmvamkbusl@mb@dﬁmsﬂu@methe
S€d rmntd?ffé’%agn%e O¥& ﬂr%pel? l)i'ﬂglng 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

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 of the primer binding sequences can comprise from about 8 to 50

bases, about 8 to 40 bases, about 10 to 30 bases, or about 15 to 25 bases. The primers typically can

comprise lengths complementary to the primer 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 or less, 30 nucleotides or less, 20 nucleotides or less 15 nucleotides

or less, to about 10 nucleotides or even 8 nucleotides. In some embodiments, the length of the
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such that the anplicons produced therefromw || al so have overl appi ng

adj acent regions (i.e., overlapping conplenentary regions) for assenbling
t he pol yrwolzemvi4g®3 [ 0091] I n sone enbodi nents, the adj acents2awasisappi ng
regi ons should be of sufficient length and conplenentarity to permt the
formati on of stable annealed (i.e., hybridized) anplicons during assenbly
of the polynucl eotide. Thus, in sone enbodi nents, the length of overlap can
be 4 orforvardrenttsd einicrchas pe Hommabam B & Fuakkotdeslebout 8 to40 meicatidugclbewtiDdes, 8
or nor e30r111ucll Oqgltsi g)re%);gutjlgtgﬁslq&tie%ﬁneucl eotides, 15 or nore nucl eotides, 20 or
nor e nucl'6t] 48y, oF ot BY0E R0t i des, 30 or more nucl eotides, 40 or
nore n i,de 50 or re nucl eotides d 100 or . 90, or ss, 80
or " | eod0BE W Rine i o R SRR o e e plpfoi! GBS sarf PR e
abi | i t yah be fooatend 8 b adglian od irgaimedthainiokd o ingerfesi widepriniee exteresidna o soegi ons
general | y i.nclu t he.pr.iner. bi.nding seguences use to _generate, the

a1 combobiiRb e b g0t o Pk dol e SRR R maEenl PR SV BTt Mo e
sequendes o mtthe igpuffivent O @ngpal to flertovaplate amddioncid avaeise hs ugedkrtfe tipener at e t he
pol ynug) got i de. dif LLENSER EnEadNg Lheautatd ap. 10, be it Loduced. [0092]

I n somdenbodr ment s, —t he segnents are cunded ™ y %r rer’ o n ng sequences
t o whi dliffé¢rbrees @nwatodited dgresdingon the fengthfithalprimvih efoat Appesopbiasat, 8 batchd Opr i nmer
bi ndi ng_se nces, .t hat fine.the se ,S. can, al so_enconpass .t he position
ot "t he STy ARE ol A A s PEATRE Rt nEb a8 ACRIBRAT A NREC™ The
pri mer doibadinrgts gedegihod tiegorwbel/ el eranyineuf dah be¢ fom ab@mngthstmckntitealabéw 8t he
pri mer { § O AL A QT4 SVEI 28 o JHGTAY. B RTRLIJsiGaLI 0, LERRHL S DompeOr di naly
t he priner i i Ny sequence can be 430" bases or ress’ ases or |less, 80
bases anckeask seqibnch dftesenos atlabss the@fddasibe pimdre $ys, mMGoasebodimenteths, 40

bases | ess, 30 bases ar |ess 0, bases ,or..| ess, 15 bases or, | , to
chout gomifBRverthBRREe Bou FARLcaRRIGRO N PRR )RR EGubg P2S . 10

bi ndi ngwslegfulentres thedn cud apui Sknklcotidea boutgtiBwitna bildvésedifferaimsuboB 20 0 40
bases, Q0 g(%de%' Q‘OI‘B 9}%3%0 erllj(f1 asout 3P rucﬁélgt(i) ets i jlgn tt}(l)w%I?a 91? ?eeo%ge aiﬂ‘eeregcrelag&ﬁ?S typically
can conprise 1engths Conplenentary 1o the primer binding sequiences

descr i badeathioyfom Aeco e, Algluy2S nuclesider incligidvite mbgcleotitieditfferagtehbaft 12 he

f or var 4 LeXelSp UL, GRS ARgUL B0, USH O 050 SO IE) Ot i des

nuclﬁﬁtl ?
or | ess, nucl eoti'des’or | éss, nucl eoti des or |ess, nucl eoti des or

| ess 15uplaatideofrodds 30end,ess, to about 10 nucl eotides or even 8 nucl eoti des.
In sone enbodi nents, the length of theforward/reverse priners can be from

about g0@%] 50x sabalite of thel elsgonadbatitic Birhays,4Q., thedhawntl mdang tebpadtureOsto 30

nucl eotd I 5 |.eot | 3 | e,

cont ai nijlsngcg&% 8%8%%%3& Eéh%lg%‘itrng%aG%g%Pﬁgtdgngﬁnﬁén%Lsggﬁ%fl{ al}%ﬁgépﬁ%%%gt,s Bﬁ%%%r?ﬁt ation
can be debulateddsiag krmwnaggittods ®F ptetietigg netang tthpdratdoesenof., Baldawfeezle wi t h

oSSR O SREROEDNE 16U Il 3 Leraladgy aoout e
suf f i cilonsslate carlnédo, Poc.tivel. Aertpbatls Aiici3ed-68Hc Faticantcl sERGPras Natlprdader f or
the Sci USA 83:9373-9377; Kierzek et al., Biochemistry 25:7840-7846; Rychlik et 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 et al., eds.), pp. 683-693,

Academic Press; and Wetmur, 1991, Crit Rev Biochem Mol Biol 26:227-259. All publications

incorporate herein by reference).

[0095] 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 amplicons. Where the amplicon has a polynucleotide difference encoding a defined amino
acid change relative to the reference sequence, the sequence of the forward and/or reverse primers are

designed to introduce the different sequence (i.e., mutation) in the amplification reaction. Suitable
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same amino acid residue position in a polypeptide sequence. In these embodiments, different

amplicons from the same overlapping segment can be generated, where each amplicon is prepared
with forward and reverse primer pairs for each defined mutation at the identical residue position. To
prepare a polynucleotide encoding a particular sequence permutation at that specific amino acid
residue position, one of the amplicons containing the desired mutation (i.e., defined nucleotide
difference) is chosen and assembled as a member of the set of amplicons to generate the
polynucleotide encoding a polypeptide containing the desired mutation(s) at the specified amino acid

residue position.

[0099] In some embodiments, more than one pair of primers (e.g., a set of degenerate primers) can be

used to generate a set of amplicons (i.e., polynucleotide fragments) that can be used to assemble a set
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targeted for mutation. Although the 3 separate pools can be maintained as an addressable library of
polynucleotide variants with 3 members having full degeneracy at each of 3 selected positions,
surprising advantages of efficiency in transformation and screening can be realized (particularly with
larger libraries) by destroying the addressability and combining all 3 members of the library in a
single pool. Accordingly, the 3 pools of degenerate polynucleotide variants are combined resulting in
a pooled library of polynucleotide encoding 60 polypeptides comprising all possible amino acids at
cach of the three targeted positions. This pooled library comprises a well-defined set polynucleotide
variants encoding complete amino acid sequence diversity (e.g., saturation mutagenesis) at 3 targeted
positions. The pooled library can then be cloned into an expression system, transformed in a single

reaction, plated, picked and screened. Since the synthesis method involving the Round 1 and Round 2
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is assayed in order to determne the specific sequence at the position of
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[0104] In some circumstances, it can be useful to generate a library of polynucleotides variants
comprising diverse permutations of multiple nucleotide differences at a set of selected positions.
Accordingly, in some embodiments of the disclosure, a method of synthesizing polynucleotide
variants can be carried out wherein the Round 1 PCR step employs a mixture of mutagenic primers,
comprising a defined difference at a selected position, and non-mutagenic primers, comprising no
difference at the selected position (i.e., the same sequence at the selected position as the reference
polynucleotide). By using a mixture of mutagenic to non-mutagenic primers having a defined ratio in
the Round 1 PCR amplification, the resulting amplicons comprise a mixture of sequences with or
without the defined difference at the targeted position. By assembling and replicating this mixture of

amplicons in a pooled Round 2 SOE-PCR reaction, a library of polynucleotide variants is generated
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sequence differences as compared to the reference sequence for a particular segment. These bridging

polynucleotides, which have no associated changes in sequence as compared to the reference

sequence, can be used as a connector to assemble the complete polynucleotide.

[0108] With the appropriate choice of segments, the amplicon library comprises members that can be
used to assemble at least two or more different amino acid sequence permutations of the defined
amino acid differences relative to the reference sequence. For example, a plurality of mutations
defined by amino acid residue differences A and B can have the following permutations: A alone, B
alone, or A and B. Thus the amplicon library has sufficient members to generate an amino acid
sequence permutation having independently an A mutation or B mutation. In some embodiments, the

amplicon library has members sufficient to generate every amino acid sequence permutation of the

D8-



wi thout the defined difference at the targeted position. By assenbling and
replicating this mxture of anplicons in a pooled Round 2 SCE-PCR reacti on,
a |ibrarywof2opal4yreacl eoti de variants i s generat edhavi ngpraT4atSe@AastsiT m x of
t he defined nucl eotide differences at the set of selected positions. For
exanple, with 1 defined difference (e.g., 1 specific codon substitution)
desi gned at each of 13 targeted positions and a 1:2 ratio of nutagenic to
non- nutchﬁmemli amil@r zichh'es'duetdﬁf&rdfrewklhﬁwgo ﬂm@éfex@ﬁcepeduy:mc rrmm; fod éheveireh ant s

conprlses ol nuc eotl

Gof | necamir SRR finf e BN AR RF b St RS %t LML honeRePh  nus
provi démviag frdsjicnédmdy emAynuAﬂtpnboB ge]mm,toe amAnmlB nmtaubn aindeithyr urciod sheof

pol ynucl eot i de yariant i nation enc

Par yor il Sl ST e TS TR SRBGE e e ifont fiF = A0 BHSPER Bt ac i ng
conbi néatass oaless| imoa:aseem legsh 0P baxegibii 1esg, 990 bp)sres melessnﬁ()ﬁtbusreem lagse7(epss at el y

anplifi ed éOH baseporliga §Ob¥)ases orﬁg snﬁ%olbla?scels:eorrlgéaé%do n?es%?le%ﬁgﬁ)rbaage% 09‘16?5' ‘”2?‘)'0' ty of
pool s o a Havi I'ng over reglon (a of arrpl i cons

for N tlmmget bd; tp)almut iQﬁ)mr asllﬁ@ﬂasmheutdéfoasaenh lehgﬂf eﬁemmakky |1®gthmfkh@deq}hms is
pri rrer) e f I cons _,so e onbi ned
in a sihgld o ké)%?u[ aléo E@B g%{m? %%%% as?se%bt?flﬁbﬁgo E)@quase(gfor a% ?Q%& Peot i de

var i ant@®0 basep miithebowd S84 lmdfsas ldsca mdetul wheth hyed éik ieffedknc dffpelyences ué@i ig. ,
nucl eot | d?lﬁcat (Zto%gmlgﬁ u::nann(l) nts, hga&tﬁﬁcogesr%]ab(iut Ildbeba%eg% Eéseld ?1' tions.

[0106] “APt'eFha I PET ures Pi hed and

anpli fi ]d(1 a.s e reactlonto r.at e sin ol of
mi xed a5 9:' cr}%eﬁ*?ahwo Fur ? el “’?nr%?? ng ‘of "t he iglés(?ﬁéorlpglylr?grcaéeslgacr&i}?&and t he

Round %X@fiﬁemtlasssewblamilmmmsbMPdﬂnﬁﬁsetm p?ﬂ‘lpherﬁs@riEﬂ pdymoanse) dth out to
generatethe 0 he stoc tlc x__Of nucl eoti.de variants.
[ 0107] p'&symer S?%éjoi: ”garseérsiﬂ[mag)o Y, erases a r&% E}génaelﬁt d%)l’ldl¥101’ls(i‘0 119 r‘%nt s, an
over | amoiyngclsmgﬁmgmentelﬁmgedlymemsea:hmolrganmm o@qulkdw s&adpmécmﬂltmykmwh ihtwe any

associ at e% myt ats?mgrook éAt‘%? iOb?%oleé(ﬂarHl"e Ségg a?)e %enf\da%u ¥ 3rc{1E(Prteol(?§sﬁerPn%eaC| d

sequence  PEF it corpass a speci U
per mut &ﬁar@niabmgtony@tresha{héa@nﬂlusnhﬁl attal Ql’983,§§tnmndtretdcm inMdlévelas Bophaemt . Thus,

I n Son-EGr%el’lntg%di)ln-Flnﬁ OCla es In?ersmea Ql daﬁesu (%(())96& . ICICIr rrlr‘%g:r S t hat dO
not have an e sequence dit ced B3’ compared 1o the

refer enn@)r[s)mwelnmmlﬁmfeaenpartl cul ar segrrent . These bridging

pol ynucl eoti des, which have no associ ated changes in sequence as conpared

t 0 t he [PEErTenoe: sepdanos, angdificien v edh agplcog onmtEckuicd bat insypentsl e t he

conpl et \ L de. / r oOpri f. segments,

the. ampricoary Pegp Bt i Ede o YokE &R R AR e B el R o

| east thve@cr tio pplfichfi@r remtiomnionty oac indresemplierns eamplerdatricd biton g siogle rdaeticdef | ned

am no aa@h ﬂlegkcfdh@ Dfafeq, E]&J* a%tbgéﬁgﬁc%hwaﬁs b cﬁlﬁog%%ggﬁpgﬁqﬂg%gemf Hm&RaR! e, a

pl urali | ons’ am no acl erences A and B
can ha\/[eoduht@ of bk hmphfwgﬂq)gpzrmp]acan(bn sreat@( witloyeeiouB-ombinations of exonucleases and

phosphatases to remove remaining primers and free nucleotides (e.g., combination of exonuclease 1

and alkaline phosphatase).

[0111] To generate the polynucleotide encoding the polypeptide with the defined amino acid
sequence permutation, a set of amplicons having complementary overlapping regions is selected and
assembled under conditions that permit the annealing of the complementary overlapping regions to
cach other. For example, the amplicons can be denatured and then allowed to anneal to form a
complex of amplicons that together encode the polypeptide with a defined amino acid sequence
permutation having one or more of the amino acid residue differences relative to a reference sequence.
Generally, assembly of each set of amplicons can be carried out separately such that the
polynucleotide encoding one amino acid sequence permutation is readily distinguished from another

polynucleotide encoding a different amino acid sequence permutation. In some embodiments the

9.



alone, or A and B. Thus the anplicon library has sufficient nmenbers to
generate an am no aci d sequence pernutation having i ndependently an A

mut at i on WO 2BIM4e BB on. | n sone enbodi nents, the anpl i c@aTIUSREUOF75hAS
menbers sufficient to generate every am no acid sequence pernutation of

t hedefined am no acid residue differences relative to the reference
sequence. Thus, for the given exanple, the anplicon |ibrary has sufficient
menber &sstembgeme bataeneaimmm add:nesialﬁehpu@meorpefum;tta&t (e (gr; sn hmyl) mgh nhadepie]radent |y
an A mt aE)l ceo ¢ nco P’ral? d@ﬁne anyn dastI %Q ¢ erm tons can%re nerated {he
anpl i coh vV\/Il“” %ISF ﬁ&p Phef defined mf1 Ye S8y n%rP[ u%h PEORS ‘can be
2000 basmdtantoubless, 1500 bases or |less, 1200 bases or | ess, 1000 bases or

| ess, 900 bases or |ess, 800 bases or |ess, 700 bases or Iess, 600 bases or
| ess, H0D2bdsesnoembodmsntsdBeenibdisesnbr ptepasd suBﬁ)ﬂlahalsléﬁle Ore., Res ;or250 bases or
| ess, Oar %lesbaesree Sresorliteci f 7 ta? & 29 %en\l Olql’e resultl roguct% m blso Ute bacstl(:’(‘)S in
Iengthm@e P Al yp FeRgth 6f the™ icons i seFPom about® 50t o’ about 1000
bases, \ab@uatalﬁ@ﬁhmorebﬁ)ﬁ@yrbake&ies adnmmlngdlﬁ‘eltem p%ﬁﬁhtab'amesf th@aleﬁabrbmmndﬁt@d to 600
bases, W&er@ce (P f?e enes thl{)sarrsllet?lr Ibee A d’tijr%& and Va?n%g%s cargbevenu El(be Eol;el ¢i ency of
pol ymerases use Fficatl On T eac s, enbodi e tThe

anpl i cmlﬁtSrmmieabdupepaﬂ)@ abars@secbr |l ess in | engt h. [0109] General I y t he
anplification reaction can use any enzynme used for polynmerase nedi ated

ext ensi[6h3i eketassombled suplivomsis Tpticqowl ugime k aslgmeRfato pplthasize ts @plyﬁwlrotide

Bg: gg::eg(zoedgn fle n%)? Oleét%&\)? n?e’éesgﬁl{slorg%o l?r%%r?eélﬁssthﬂre'act%% c%gn;fﬁon% %an use the same

pol ynuchedtiond endpgyraerascigict @)r el aynp ficesien claction. ﬂ”b@smsenmedc}mphf:@is lactas St andar d

dit K 2 Mol I
& oni ng oS RS o S igres SRR s impis SRl oy Press,
NY and Gusuabglin tht r@llca,tlng%@ pri@ers itign tnolPgl od mmo¢r§>mdmgl\s(bq1ewb tet Binblttegy, G eene
Publ i to 2008
ref er onenutREAClE, KRR Rl EREEL RIS Bl s RIB bR Bt O et o,
anpl i f ipphmidertidé p@daet byeqplyingont zddmobfé amalifiGagch wadtionn 1s eper attedineatt i ons,
t her ebyhg&‘ ﬁ% ré éj@l%ei*sﬂc%n ﬂl%glg 1%4% r(!:c% Ilnﬁ(gn S¢ &sce%rfgr r%:s%?ctlog @nglgst to egs%rao%[hgt her

anpl|con |cat on reactrons cons
can be adrrnygbesoad polynualesmdwlrceiuctemplaanidamdvetﬂoe, mclmehﬁxpssslweamsd such as
by el ectrophoresis or chromatography. In sonme enbodi nents, the products of
t he andP11#4 daséronemtwdiptdantnthe amkl'ug prinesst cen] havietsérugianes thats:llowfyi diattiiorigo of

e

nucl eot exonutl ease osphat ase) .
[0111] Withogiethencd é)rttrh@fwlaymuoﬂoe\dlp'stmaenmo@ieng tome fhokigpppnérdeanni t h t he

def | ”eqnc%%o?aqe 90%8‘1] %gﬂﬂcee's] eI & }eg’é" n o‘"}*t ‘(’Pto gﬁgptf%%éd n%%%o@ aving

COpr enment ary over prng regions | ecte asse under
condi t i Amgifichtiin rpstionstusink such laekang mgneaxf can lopergtdnpiletire pangiolseaueaeds apihie ng

regi onjjogygeﬁﬁggoq%%}gélfmgg{ltel%%(tarrpl e, the anplicons can be denatured and then

al | owe annea
[0115] In some embodiments, the plurality of amino acid differences is at least 2. In some
embodiments, the plurality of amino acid differences 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

[I5%e-4-)

more. The number of permutations for “n” plurality of defined amino acid residue difference is given
by the formula n!/(k!(n-k)!, where n is the number of non-mutually exclusive mutations and k is the
number of amino acid differences and n! denotes the factorial operator. In some embodiments, the
size of the amplicon library, for example for a minimum of 2 amino acid residue differences is a
library size containing at least 3 different amplicons. In some embodiments, the size of the library is
at least 5, 6,7, 8,9, 10, 11, or even more different amplicons. For example, for a plurality of variants

comprising at least 10 defined differences, assuming none of the differences are located proximately

-30-



conpl ex of anplicons that together encode the polypeptide with a defined
am no aci d sequence pernutation having one or nore of the amno acid

resi due owofereememws rel ative to a reference sequence. Geaerskeog/5mesenbl y
of each set of anplicons can be carried out separately such that the

pol ynucl eoti de encodi ng one am no aci d sequence pernutation is readily

di stingui shed from anot her pol ynucl eoti de encoding a different am no acid
sequenemdpmmmmﬁammohcmﬂmimmmbdpﬁhﬁdknanbmbmﬂeaﬁamn®MyMnhﬁnhhﬁﬁamkked out in
addr essabl e I ations on a strate rr that a plurality
o ot yRacPabe | BubeTheRh R BriPLr At g wdt AP R Tt L ef Bnce

per mut atesicid st @gnf e pyesiey @ﬁmsitlmsmahhgmﬁ‘ma& tliyferep€23, Indjch llanges dibmeriesdiodi nment s,
assenbl i es can p ch t hat It|

are repré@%ﬁ?@ﬁﬂ?lpe H%mgg Omn pg r§§&+P“H§aEP 8?”?% H??Hfs
assenbhykmeapuLam3QVMLﬂcdﬂﬂabnnamﬁukﬁuemanbh@mkynucleotldes cont ai ni ng
different pernutations of the defined am no acid sequence differences. This
m xt ur 0tish @ec dicdibedy i altr@ditdny hardeuatynthpdizzdcan p&ﬂgm&@qtime«zﬂiﬂw‘ sprafialr

after encoded assa licons is
Fepl 1 ool S R ARIBHb AT RaB S IR It A s O SR B R R g < e
poIypepmmgdwdmnnmb%m@$mmmlhusnnmmbmhmdmanhumm&mmvégﬂe&mhgmpdgmmﬁom&ﬂns can
use t heengo Al ac% dl t I Q ngl’laﬂé:I al (%1’1(}/ ar(T:? asllee%ceuv§1%1dorfe%¥ mtore e?r%il(f[tfferences 1N amino
reacti on. e P38 é%%? é%ﬁl I'cons act as T gle round
of rephktbti@MS@mempasdaada@kmﬁam@pqﬁmrb@massenUMG@nanbémammﬁ @fﬁnerally,
in thea&%gkbcag&ﬁ %,mm r¢ners hat anneq R n§ blndhlgl§equences
that flan eot | de” C(Qmp ememtarey M %ﬂpm§ @ Jace SRR Y5 nal 3

regi on)asxemblebeetaxﬂ aiepilcbns @mplisd aypameclpaldy mmlb@ebmdémp amdumb ady sg@encyi ng out
addi ti Onﬁ‘l one %Prlnlogeld%F ned%rrhlgoea%l%ltr% ?cﬂle dlfi‘erence as com &i ol reftefsehcetseeusegcef Lv clt}le( I ng
primers can i ncor orate recognition sequenc es? restriction eénzynes to
ease C |thﬂ'ﬂ1ﬂ[glc()l‘fs atchaelestyah frhm&mbmdy q)fcalngphcmﬁ bnmmgjtaerplvemhmcmdmgﬁ duplig@sfadso or
vectors,..S S SSit 0 ctor he

{anki noafiineRe SAPARLOTRE St sl e PR RS AT R b

expr essymhesirs ithegpolynodepide df integstscri pti on-transl ati on systens for synthesis
of the protein product without the need for transformation into a host

or gani df17Hdnsenc gumwdinfdnante mgplpon iery eabe vsad or gpoerat polgoicotdes segpdmaces to
contr ol f o i f on
Feact | e PEFEBLESE RRp ity BRBERh RS MBS e B S
sequenQEBﬂMU@mhmanMypﬁmedﬂwd@dmmgmsé@komgb@nanﬁ@rmsmmn@@@QShmkmmsone
enbodi t.S o In sone
enbodi %%tds o ap ﬂﬁah%f };{d%k %dyamq %E rgﬁd%cdlﬁg r%{ %Sf agr elﬁé gid tloé a re+C%aaﬁ1§n0%C1d

5, 6, EeqlgnceQ(b) &e@qcmlg.a defm;d aiBipo addd sefibgncepermptaton gdcleteuinigk ¢ pomdaleonldmgber of

def | ned. MghEatl 48, L L LRLPOGERCFAD. LADSE: (HMAnLE JTrQhyILe. The number

I ons r ural’l o acidr di fference
| s g| v @rlynucleotide fragments encodlng the defined amino acid sequence permutations, where at least each

overlapping polynucleotide fragment encoding an amino acid difference is from a plurality of
polynucleotide fragments encoding different known amino acid residue differences, wherein the
plurality of fragments has members sufficient to assemble polynucleotides encoding at least two
different amino acid sequence permutations, (d) assembling the set of polynucleotide fragments
having complementary overlapping adjacent regions, and (¢) replicating the set of assembled
overlapping fragments to synthesize the polynucleotide encoding the polypeptide. For each desired

amino acid sequence permutation, the steps of (b) to (¢) can be repeated.

[I5%e-4-)

[0118] An exemplary process for generating the amplicons for “n” number of variants is shown in
FIG. 4. In the illustrated embodiment, the process comprises: (a) importing a reference sequence and
a list of mutations associated with the sequence, (b) creating a list of permutations based on the list of

mutations, (c¢) selecting a defined permutation of the amino acid sequence (i.e., variant 1), (d)
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by the formula n!'/(k!(n-k)!, where n is the nunber of non-nutually
exclusive nmutations and k is the nunber of amno acid differences and n !
denot es two 20extderodal operator. In sonme enbodi ments, theCsiuseowostshe
anplicon library, for exanple for a mninmmof 2 amno acid residue
differences is a library size containing at least 3 different anplicons. In
sone enbodi nents, the size of the library is at least 5, 6, 7, 8, 9, 10,
11, or 1&61@@1ﬂgnverlajxpfngebbnmc1®nuﬂ fra[gcmsts fileora léxappl z&nphfcmfs (ag. pdislmaiareﬂyn of
vari ant i.Si rences of the
o't 1 or 168D uSathiRh e RRhe SRR R P b hERE Thaf P IRR B RL Led
per prmmmbercfislmﬁdbtzamgtsvramaramgstew(1ahtolﬂ)). defined differences uses up to 11
anplicons per assenbly reaction. Assuming a plurality of different
mut at i dABI% rker diéisiente@lnth%isalﬁyhecafnptim ljbtanileaIapﬁryprtafelpdrsighédmﬁgomnktbﬂir@ defi ned
:jlnf ];glrlrgorr]l%lﬁ%s ary used {n an a%qflﬁ?atlgrli ra‘egct%% ﬁ’lsoarrrglé’l'bﬁ(g mer(;;[‘ér:1 (r:]eonllje%hol'cllso?d%enee\a(;’tfn%[ d;g?' %’
10, 20,libg0y Oﬂﬁ’ﬁrlﬁ)@mgf)ﬁlynﬂsﬂk@nd@fragﬁmn‘e cali dd&r@mem(a)@cpdtratmgraq)lur@lﬁiﬂzﬁ] Once the
L1 br ary, o6, ATRLLGANS DRKE.REEN FXILDESH 2Gth ALLROl LAl e pgoding &
speC|f| &d am no’ acl sequ nce pernmutati on based on a Ie% “al bt of “ami no
aci d r gdurelite ofldefi hefaemn@aomdmmlm: difictencasfrog aurd‘faelhdelamaro;acﬂfse@nmel odrie. | n sone
enbodi nents, the t.hod .of genera nucl eng
ol ypept e midfoad D shofne Y RAFH RLeal T a B PRI R AL Hafhe e
di f f er emaasfetencegrilymoclagidel saqemcdmescammgomomnedemme seqnatenendatifadgpept i de
sequence can ¢ ise the ste a set of .anplicons
havi ng 210 Ilre%%’ﬁmleondg\ﬁeeqrufme 6‘9""0‘1“%81 aceﬁtamr e S} 8?1%1 Whe andtql?elmgggenbl ed set
of anpldewmlngdtmnomltﬁoﬁm{eymlnaﬂ@om pcdmwbqﬁr@me@emeochdng aamxtaminvoacaici d
Seql'lencr(:"suyvI e dt}‘fe?en%elcr)ltherrapmlgo dec{ %eq G PR, 111{ se%ecgm a% a 8]‘ no%gcle Ridgonmpar ed
to a reference sequence, 'tleh % frcons are"s ed a1 %rary of
anpl i c gmisnchbasiinyg sn@nb@reswc&lmgchh amgmaacpdl dmf%;tiencteyandfopamaﬂy) 1nattud11ig meﬁrﬁeﬁr ences,
and (b)replicati et assenbl ed, over I-n ucl eot i de
fragrren ng[Q n oﬁl nlg%tldze ge%uﬁnce 1n elglaﬁ% qb %perlmefr 1fa ﬂa Xéllpgtg t&l{ In sone
enbodi rpebmsqlecttlkieseanqsici: con sbanbmglayoolgmwldoequxcbnta)frcgeﬂaerlmeonpdlthprfu@daebt i des
encodi n ar.nut ahl on.of a efl ned §3I ur al, i ,el h (21 :i\m no acid

orun t of the

meant enextc ange in pol u eotldes ce 18 1den1 1e
& conpr ?qa ernutations of amno

di f f erences,
acid s equemlemddlaﬁcﬂ mlacm;g 4 nemmaaohgerhe]reem;@nm fun alapluf@hng equbmm@obdrs ed on a

pl ural Iéaém%}clt v&glﬁlfth A oln %m?‘ccfeo(tjl [ er?r{iequ&hegélﬁ Ih% rreevncesrlnalg 1z ] alrleence
ref erence am no 8” fl% el ecting def Pned am no ac sequence
per nmut amnmmllamzbod@tﬂmmmha@ean @oinp e«s@msnluﬂq;ffp@hgenm teacltau@t@eqii)em(je) based

on ar eij eraglpgh% eelg %?IHE uc oége) SC engecetnlcondgn a Sa%nno ac1d0r\e/s%ue%ﬂ?l erll‘]? QrRﬂ XI'PUC| eotide
f ragmen S enco Cf | ne am no a(% CI} uence permnmi wher e at

| east eael’rges)i\nwplyamhomge paqhopneigt pesdntien CBlrgag}wimtldeepmnmh amg cads cﬁltheno aci d
differepn [ | .uralift f | ynucl eo % di ng

di 1 or SRPISE Sh AP bl T RRRHEL R A% RE AR RN Doy o

f r agnentligotakotidembiers te pdrkiaci thelibratg odseenipig qouiliyeny hheog mdeberemmﬂng]g at

| east ttﬁ\é)amino acid differences. In these embodiments, when scanning of the polynucleotide sequence
encounters the end of the polynucleotide, flanking primers can be used in combination with the

internal primers to complete the generation of the amplicons.

[0120] 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 comprises: (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, (c) scanning the sequence from the first mutation to the next mutation or to the

end of the gene and creating a reverse oligonucleotide primer for the next mutation, (d) and if the next
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different am no acid sequence permutations, (d) assenbling the set of

pol ynucl eoti de fragnents havi ng conpl enentary overl appi ng adj acent regions,
and (e) repl2ooatiirwg t he set of assenbl ed overl appi ng fr &gWaIsL&INE7507

synt hesi ze the pol ynucl eoti de encodi ng the pol ypeptide. For each desired
am no aci d sequence pernutation, the steps of (b) to (e) can be repeated.
[0118] An exenplary process for generating the anplicons for "n" nunber of
varianhmnﬂmn$hﬁwnmmnuFmEmﬁ#nmhﬁmtbhdhgﬂms&ﬂammdmehhhdhﬂ&ﬁhmmkhe process
conpris orti r.ef erence u nd of. nut.at i
associ a?léﬁlu(:?%tﬁde et éggel ratmg 1 Q@ tgg(f)%ntel gﬁ & Plyn cleo%? a]gtln s [eagl gée d on
the |i ns C ct e\ d f| |on of . t.he .am no
aci d Sggluielji Am ?ed aBove 1n 01}16 ?n%lﬁe(hme(n ds)% e the or]}fnn 61%(())‘[\1/ 5/ apeﬁP Isleé)aratefl >(/)1r1]t L}E eoti de
frag neruvsrla‘ppmgs@nients rdafﬁr;edbjz a a¢rpf foconsg alé(hregerse paisncpy; thpdoredrdiand Fev@se 5), (e)
deterninln% the n f vartltants‘oandt ik DE; nber of Marants is |ess
than t He"t6tal aVen%" losfiteg aRdSR o Ant’s, i P By ng steps (a) to (d).
[0119] plélymucéédtude segmlents yrthssicsrigd e efnmdxampln abaup teasrthaslooapqmes) pedaateel y
desi gne }Ers are u gat gaction. In
Sone e rﬁ% 3 eed rte"ff; 01% etmg ph(%(l)’]né such I’?(E] hd 1 ﬁrhg men Vev (5ee:ﬁined’ arrlﬁjs m

pol ynuqalobmmldmdé scagement s somaemmmunmmem p(r@)an@nhe ola?golnurgecmdqfsl baseﬂlonntthp of
pernutatl m.no d sequenc n om a.nef erence am n acid
sequencet %Eﬁﬁweﬁegmrhﬁggesg?'éfc q%lmn d%)a %n%%F E?ésﬁ; aﬁ??#@renges
fron1a1Qé®EBennemmnyhmrakxdmseeuﬂwummwammoﬂmrwaaeHMpemmymakkmﬂk@mmofa

detern”n obxngcleot|de seduence encaodi ng the i 9 sequence
I'% cr SCA 01N 4 SSquenc 1 reace a scan 18 made one.\or I'GC 01’1 [¢)
based on & r% erence nucrl eo €’ sequence; (i1) sc an

poIynuqbemudde@ssmuene@nhmdnhd&nmuﬂynMgdammhamgenmnnpmﬁwmuHMEGMn@wesequence
encodi ng.a erence, and ing the
ot oxi 5y Tavh ot RaER b FesShone R PIER uE Phuf Bl SR MEY st no
acid ressgmkmes tblatchesie heewd distahten@ationo Ehmsdansmgtpmaexe cmelvermﬂm:ttcdm the(pioinit )
electlngla for rd oligonucl eotide prinmer having a sequence encodi ng the

il xt ation. . .
am no aci erence and optionally including the next change in

pol'y nUC[bﬁﬁE) I?S no%e%%H(?VQC%ﬁé oli S%)‘ilucqeoﬁﬁggr(gler% \Q@ﬁeq afdh uj-: 0% [1 sétg % Q) eota%% geveltspe

change i nucl scanni ng e sequence
fromt h:élgbrolchbmd:m) agfvell hetht orrwapahdpe kmplicountanlbe pheednmwﬂdrchabig gubptrates for

pol ynuc lu{%g}ahgm an%g %&gﬁgee li%olmgc?&ttl'dé é/ Igerg h t‘ﬁje%ddlessta %O?ng%atgs alg(b(?escqbg?i

pol ynucl'e ng a reverse oligonuc pri nmer
anpl i f wewgl & ppmlelyamwl @0t dioficallg aeatsedvotsinthdsze hior Waards of dngdinesifect i de

primer, e h ?urght#r hFanElg(\)r/] P&l eflcrgg M ﬂg% dea%l% gﬁ&)%gm tﬂ?&dd?e@ alol%rg trXtese ncgdes

t he nex acid resi era
(i) t@15(0|dv$cnb@khe€at¢$ aumamgleimam b;nmmcbtq gieerstecqmpelmc@leemaﬂdqwgcan am no

aci d regj o addeglie%r o acglrlybden(%l 'enﬁﬂé"% HBascl ?Qld%ﬂ}eﬁl fﬁ?&lf&ﬂ(ﬁeg} epce are

present on gonuc eot| rs an e sequence
i's reachede da‘feden(:gs) Aaqupdtiafeydr n@ild/wpmrte‘atthe ermy cafi bd @mwamd oAnigariepdysas

ol i gonygle %tep g,gtgx%%gﬁlﬁ,?thﬁ%’negﬁ&%r@ﬂy‘?e& 81y rboahYie p QY IARRY Nghg@ P! | cons

havi ng menb
polyacrylamide, as well as co-polymers and grafts thereof. A solid support can also be inorganic,

such as glass, silica, controlled pore glass (CPG), reverse phase silica or metal, 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, substantially planar, or non-planar. Solid
supports can be porous or non-porous, and can have swelling or non-swelling characteristics. A solid
support can be configured in the form of a well, depression, or other container, vessel, feature, or
location. A plurality of supports can be configured on an array at various locations, addressable for
robotic delivery of reagents, or by detection methods and/or instruments. In some embodiments, the

substrate is a reaction chamber. Commercially available reaction vessels contain at least one reaction
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the amno acid differences. In these enbodi nents, when scanning of the

pol ynucl eoti de sequence encounters the end of the pol ynucleotide, flanking
prinmers cs02b®/4e®d i n conbination with the internal priPEEUS2000/0850Dl et e

t he generation of the anplicons. [0120] An exenplary process for selecting
the appropriate forward and reverse priners is illustrated in FIG 5. In
FIG 5, the process for selecting the oligonucleotide priners conprises:
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pol ynuotaoon dmeanoldHWed rby nrsplereantzhmd of {@bﬁ)ﬁ}‘lc%ﬁ@n mmttied(sacbmsm a qumonsavie
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overlapplng se nen % et f'or everse Imers, the
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in which t i f nuc ot| 9 be
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have defin nu | eot i de sequen irents, in

pr epar i"Ng EY an*& gfﬁ"&{é %"“ Sp ey ﬂ‘%“’? i 6%?”‘5%%1* Eﬁébdsﬁeﬁgr ch of the
seque ncrebcma ﬂysbfm inlEfGt édompjlses 1psamt1iicms| Ifcar(a)selzcemg 4'S¢gnfent and)ﬁsmphted mypla;bmut 1200
?g‘is szl fnn rg aniq%l 1c;§t1§e,n(%)f @enna}?m%a orw N9 & andf rlé\?e\fs%ro dlgmpucfeotld!’e%for H‘lg lec%ed f\{\%ment rfl .,

di f f er enpéicony, seciap diats lﬂﬁtﬁdﬁtlorrbndhkem@omlclfﬁetldﬁs loe tistahif umqma (ﬂlgomfclebhﬂBs (e.g., 96

Fr)n(jlt )a/_P:Jg:'l 01%[11:grc(j)ﬁ;?r &%tug (ﬁ%ﬂacué%c(itg %@n{é‘cﬁeotugees oﬂLa 1rsq Oéclressab E%%%?FP s?on&ggaétgﬁét
enconpasfretipn nmssamhesmasi ﬁ@mdne(e(gr, @atitgh (In(}lrlby,lsekgenctewﬂlgsmg:ﬂ'mmlﬁs usddattc)aont ai n
the t Shant mit a S sganni rocess ¢a t at the
por nt "GP LA PO e S RO R S S R Rl TARL Lot | e

pri mer sieteenintng theaiuvomer b rfragmersmek:ctéé agpinst tho fosd naintzem df fr@\mnseequired for
ollgonucle i de r qndi n [oX0) be bl aced on
addr es <SS g}ys ant r%:lterascmg stfe%s )Z‘tot(@ f faélni%é% AL hav% beeqlp sefecte%%e) é) Alin I?heeo tide

pr i mer sisiembted germdato @slsabiddressabis subatr@s antatesaauiwmps baecb (dewmil mll dsirpt | mer
array, e r ti accessed to synthesize any libraries of anplicons
for a d%??ﬁ%éwe 6% meﬁa%f am no acid differences. Likew se, the anplicons
in the essahl I arrays,

can be @%%Ls%eﬁ*ﬂ gmﬁéﬁﬁ%%féf‘h%iﬂeﬁ#%&@ﬁo%léo 0 RS p BRI GRE: B o
am no doigthesteue nmpllqoesr) rfuzrtaaienlbhngjralslwdllwmf pcbiﬂ_lud@bildw dncptling aiffete;lt afin@ni no
acid r eag d%? eﬁlc!e éore]%uqa}%ﬁss &g?grﬁé’%oﬁ%e%ts?ﬁle ﬁl?&a'ligr 0%"1591%155160&855 cglggris%g:r ay can be

conpose org
polynucleotide fragments With overlapping adjacent regions, each polynucleotide fragment being

bounded by primer binding sequences for forward and reverse primers, wherein the plurality of
polynucleotides have members that encode in the primer binding sequences of a specific amino acid
residue difference from a defined plurality of amino acid residue differences relative to a reference
amino acid sequence such that the plurality of polynucleotide fragments encode all of a selected
plurality of amino acid residues differences from the defined plurality of amino acid residue
differences; and wherein the plurality of polynucleotide 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
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such as pol ystyrene, polyethyl ene, polypropyl ene, polyfluoroethyl ene,
pol yet hyl eneoxy, and pol yacrylam de, as well as co-polyners and grafts
t her eof . WoO=0l0/d4®apport can al so be inorganic, such asPgrasg099s51snTa,
controlled pore glass (CPG, reverse phase silica or netal, such as gold or
pl ati num The configuration of a substrate can be in the form of beads,
spheres, particles, granules, a gel, a nenbrane or a surface. Surfaces can
be pl araid,ressdub sltfferdncal lhysomieaMDmmnts nbnmphienasf theddrality steppplitas Gamede
por ous or q}r}@% r(f)ané efan can have swelling or non-swelling

S o)

char act'&f'F Y°g° HIB%Brt can be conf i gur ed in the form of a well,
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polynerase ne Cared ‘Cati’on Can af gach

pri mer sAdcnClidne Ree 84.1278128¢ hadrizdrericed d1te«hbde1by i npl enentation of an
anplification routine (such as in a autonated thernocycler). This allows
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over | apg| ”Q%&E%Enﬁ‘ét lies Ifﬂpe‘afa%‘v‘é‘:}[eé%ﬁne b3t cﬁ?et(ﬁ)mpate rggémg)e et em can

choose the ropriate se I cons rrrut ation of
the am mmpams d n@elqnmmiableish@gé trathllmnr’mgwpg prograg ifmuctamp borhprsaigicodes ddr cadhe

fi | | d | nbl d
I nlal f Iog g@gﬁgcpr{lggp\yge%ren%g'%gu&ce thira 1 sp§f nquet‘%%%péﬁoma%d %taglsfleFl Gy g‘n

The r otsecuuencesgbﬁtlemngmsﬁf@mﬁltmmamiem therlsst oﬁmlttat@ms (¢)®clec(tmg adefiredt i ng a

" ) ot ; b q
and r oVl BR3EEL RS PIRACRS, (PlaeRTBbL L IR Mhonbic HE Bhbncti Il &1 Ve
st or i ndibday af annfliconyie.&.09 poapatel é BIG. Gb ) cleotinide icanmbirst vafanypidifehe
oli gonyg, %9 gr%%an{s%s IQSS’tha%Q{lé’\{%lggmgﬁb% ﬁtdegl%dv %%Ese)e’ltflgﬁrggss?égg a'r)l I{I(g(g;‘he

ol i gonuc eot1 des on a frrs ressabl e substrate

| nf or mhi[ﬁgt goﬁé’&!ﬁ% Rt M&%ro%%nﬁprod&&so o0 a‘?ﬁha%é ?eédabfegsg):ll%@ct e

oligo es use etc nique fragnents,
oli gonut;etdemn hatingomogans esontiomddmes el odesiubeth aﬁtbe stépd Jof: det @iemnrg mgirltaﬂrte

nb d
for asdShihbORIEhSEF AR Rl AIR AR bR\ 8L Bpo I Y By e iB RS [ 2001 "
been s eblamdtoed referehcepbquenaag(bh ¢reatmg 9é¢ﬂwlae1d>hgetwelepmﬁe®rlalet for o ﬁfaanlm egbabl e
substr %& 1929% (FjOS%%{ZT?*g tﬁ%qse &e%pesfr n@ tf{Pst (n%}atlylago tLe 1?e|x mﬁltg%dn 0?@0 %Qgﬁcﬁd}t s have

been gener ate men S present I scl osure | so
provi deke ganppakdreasingd repg’sg/(phggh@dﬁoh@t@nmer for the next mutatlon (d) and if the next

mutation is proximate to the first mutation, placing the next mutation on the same forward

oligonucleotide, (e) reiterating steps (b) to (d) until ends of polynucleotide variant n is reached.

[0128] As shown in the illustrations of FIG. 4, FIG. 5, and FIG. 6, the computer implemented
programs for selection of the amplicons, selection of oligonucleotide primers, and storage in
addressable formats can be integrated to permit automation of various steps of the methods of the

disclosure.

[0129] As described herein, in some embodiments, the method can be used to synthesize
polynucleotides encoding polypeptides having a defined set of mutations selected from a plurality of

defined differences in amino acid residues from a reference sequence. The methods herein allow
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fragnents (i.e., anplicons) for assenbling a plurality of polynucleotides
encodi ng different am no acid sequence pernutations. In sone enbodi nents,

t he pl ur avot2g100f44@3| ynucl eoti des conpri ses: pol ynucl eot iPde/uSe@gersHs wit h
over | appi ng adj acent regions, each polynucl eotide fragnment bei ng bounded by
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( See, e[01330] W ingiitods wovidéd herci®@Byidd: mrahg@ffmnbseaﬁd@cwr@ in &’ﬂé’ﬁéﬁ@i@ﬁ
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D95A/1251E/H3301; D9SA/I251E/K423N; D9SA/I251E/Y370G; D95A/R212D/F3028;
D95A/R212D/1251E/F302S; D95A/S156N/F302S/H330I/K423N; D95A/S156N/G175S;
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G175S/R212D/K423N; G1758/R212D/Y370G; G1755/R212D/Y370G/K423N;
H3301/Y370G/K423N; 1251E/H3301/Y370G; 1251E/H3301/Y370G; 1251E/Y370G/K423N;

R212D/F302S/Y370G/K423N; R212D/H3301/K423N; R212D/1251E/F3025;
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(an am no acid sequence pernutation) and generating its corresponding

pol ynucl eoti de sequence based on a reference sequence, (b) creating a
forward owvOgoruahm®ati de primer for a fragnent with a fi Pstr/usaeosmn (c)
scanni ng the sequence fromthe first nutation to the next nutation or to
the end of the gene and creating a reverse oligonucleotide primer for the
next mutation, (d) and if the next nutation is proximte to the first
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stereosp factoriness to
tradi tumsAsmmmmqn@gocaf szﬁbwmaommm ST28RM$ 1 pINIGETSS; evol ut i on

techni ques ool hPAR oL ARG | R0 AR, S N AN ODRGRN EaL g, (hese var ous

enzynme proper ese atlons can’ occur 1 ndepéendently of the
ot hers. TQJSSAsm@ﬁN/REIMBHﬁEBm;r @RWSM&NIMISD@HIEMQBNM of mutations

af fecti i s, such as enzyne activity, substrate specificity,
and the@%ﬁ%lg({ﬁ%ﬁ}h@ﬂ%yn be made and screened to identi fy engi neer ed

enzyrm J;I are éred (ﬂ%lcrlrb %léét eé’)ecgnlgerl?‘sle&tsode{e(r)n%%gl to al of mf 9§)ds provi ded
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mutagenic primers comprising nucleotide changes in the middle of the sequence (e.g., at nucleotides

15-17).

[0132] Thus, in accordance with the methods disclosed herein, construction of the 90 different
polynucleotide variants requires synthesis of only 22 relatively short oligonucleotides (30-mer to 33-
mers), a first Round 1 PCR reaction to create the 55 amplicons (i.e., polynucleotide variant
fragments), and a second Round 2 SOE-PCR reaction in which the 55 amplicons are pooled in various
combinations (with forward and reverse flanking primers) to allow SOE-PCR assembly of the 90
polynucleotide variants. In preparing the Round 2 SOE-PCR reactions, each of the 55 amplicons can
be reused on average 7.8 times, with certain fragments used only once or twice, and others used as

many as 36 times.
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exanple, a list of 90 pernutations of from3 to 5 am no acid substitutions
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T265/ SILCR RO TSR SR e P R R SRS E s e getaive o

a reference polynucleotide sequence, wherein at least 75%, 80%, 85%, 90%, 95% or greater of the

polynucleotide variant sequences are correct - e.g., FLP by sequence analysis.

[0136] In certain embodiments, the methods disclosed herein comprising a plurality of Round 1 PCR
reactions using a reference polynucleotide template and a plurality of Round 2 SOE-PCR amplicon
assembly reactions can be used to prepare an addressable library of 10 or more polynucleotide
variants of reference polynucleotide of at least 500 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 polynucleotide, wherein the Round 1 PCR reactions comprise about 6-300, 6-
200, 6-100, 6-50, 6-40, 6-30, 6-25, 6-20, 6-15, or as few as 6-10 different oligonucleotide primers,
and at least 75%, 80%, 85%, 90%, 95% or greater of the polynucleotide variant sequences are full-
length perfect.

[0137] In some embodiments, various permutations of polynucleotide fragments (e.g., selected from

an addressable library) can be assembled into an addressable library of polynucleotide variants each
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can be used to determne a total of only 55 anplicons, corresponding to
pol ynucl ew0i2d®/MaroBant fragnents with overl appi ng regi or€TafS2800Q80Te, can
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sequence,
[0139] The unexpected advantage of pooling an addressable library of variants prior to

transformation is believed to arise in part from the capability of the method of synthesizing
polynucleotide variants disclosed herein for producing the desired variants with an average of 85% or
greater accuracy (i.c., percentage production of the full-length polynucleotide variants having the
defined difference(s) at the targeted positions). Other methods for generating libraries of diverse
polynucleotides, such as error-prone PCR, result in a relatively broad distribution of mutations (e.g.,
37% with no mutation, 37% with desired one mutation, and 26% with two or more mutations).
Furthermore, the methods of the present disclosure are capable of accessing all 19 amino acid
substitutions at every position of an encoded polypeptide. A comparative analysis of random
mutagenesis using error-prone PCR shows that it only accesses about 45% of these mutations that are
accessed by the methods of the present disclosure. Due to this much greater accuracy, and

accessibility to diversity (accurate single and multi-site variants), pooled libraries of polynucleotide
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[0138] tﬁhifhmwghnremt@osrre errbodl ments the pr esent d| scl osure provi des net hods
resulting in an addressable library of polynucleotide variants having

def i ned0till flerenlcemtiat criaxdgene thepogiiddicambg carmedvomehesib adiddensabledibranhef

met hods 1S, - iants.
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(e.g., expression vectors each comprising a polynucleotide variant of the addressable library) can then
be pooled and transformed in a single step into cells for translation, plating, and picking of colonies,

and screening as described above.

[0142] 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,
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 signaling processes from the same type of receptor molecule. Both negative and positive
signaling can be initiated by the same receptor. A specific example is G-coupled protein receptors,

which interact with By, Gsa, and Gia proteins. See, e.g., Morris et al., 1999, Physiol. Rev. 79:1373-
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efficient transformati on and screening of a broader range pol ynucl eoti de
sequence diversity and identification of variants of interest (e.g., "hits"
havi ng i ‘poauedi4prodperties), prior to carryi ng-out resoRCTHS2MWONSIVe and
ti me-consum ng sequencing. Thus, this nethod allows the researcher to
create and screen a | arge, well-defined sequence diversity space of the

pol ynucl eotide variant library, and focus on sequencing only variants of
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section is verified prior to the next step. Primers may be pooled in equimolar or non-equimolar ratios

after dilution and prior to use for amplicon formation (see e.g., Examples 6-8).

[0146] Round 1 - Formation of Amplicons by PCR. Tecan robotics are used to aliquot 5 pL. of each
forward and reverse oligonucleotide primer into BioRad HardShellPCR96 plates (Tecan script output)
and to add 40 pL of master mix. Perform Round 1 PCR and verify amplification using a 2% 96 well
e-gel. Reagent for the PCR is as follows: 5 pL 10x Herculase buffer, 1 L 40 mM dNTPs, 1 pL of
100 ng/uL of SOE template, 2.5 units Herculase polymerase (Stratagene, La Jolla, 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 1min/Kb. The number of cycles is 17.
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colonies (i.e., viable transformants). Assay of colonies fromthis pool ed
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bef ore seyoenwimrgioBo i dentify pol ynucl eoti de vari ants emrcodiSa@opstsypepti des
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mut ati ons present in the pol ynucl eotide variant sequence. Optionally, those
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receptors, which interact with bg, Gsa, and G a proteins. See, e.g., Mrris
et al . [01499Do-Rithditopurifigetion. POrify 3N ZanpSQusinBeyam SR -HURER ¢loamsipaid vdillfplatgsent
domai n C fif o] r.ein
ol 1Sk el PERRO AT PAT B SRR SL RS e, TR OB AIES,
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been il ] ystrated for generating pol ynucl eotides encodi ng various
permut at1 ons of a pol ypeptide froma defined set of am no acid residue

differ G[Pfs%f Rdsthictich &%@B%Pﬂ%&sﬁ&@%’% %@%ﬂoh B GN RE oﬁﬂ%%@%&g
gener al i ons “of pol ynucl €ot | sequence . For
exanple@mphéﬁwe&méﬁsLhemQMHMﬁbdpbemﬂgeMXQ@ﬁgehe%aﬁeaﬁtﬂ$@meﬁ@ﬁﬁéKWUtations
of fun - NS i i ous
r RNAs cptldt‘?%qﬁ"ffcf)%og%@ Qq%rs{é(glelﬁ?seei gl g}b?ﬁit R parti ig?ffgt% %?E‘? g@zoot eln syér@;]esi S
(New England Blolabs MA, USA)) to all samples and 1ncubate at 37°C for 4 hrs.

[0151] 96-well plate purification. Purify all samples using Zymo ZR-96 PCR clean up 96-well

plates according to manufacturer’s protocol with the following modifications: (1) perform all
centrifuge steps at 2800 rpm for 10 minutes; (2) to elute DNA, apply 25 uL dH,0 at 55°C directly to
the silica membrane, spin for 10 min, and repeat. Using this method, 48-50 uL. of product is

recovered. Verify product recovery using a 2% 96 well E-gel.

[0152] Ligations to expression vector. Transfer 3 uL of each purified insert to a fresh plate and add
27 pL of ligation master mix (3 uL. 10X Ligase Buffer (New England Biolabs, MA, USA), 1 pL Bgll
digested vector (50 ng/uL.), 400 units T4 Ligase (New England Biolabs, MA, USA), 22 uL. dH,0) to
the samples. Incubate for 14 hours at 16°C followed by 15 minutes at 65°C, followed by 8°C hold.
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i n prokaryotes and eukaryotes. Many antibiotics function by disrupting

ri bosone function and are known to interact with defined regions of certain
rRNAs. VawOcow/mutodt i ons have been identified that affe®CTasewweion7ssynt hesi s
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. [0144] Using the nethods described herein, various
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rar dsnel TS Ao A0 beR] FaeiSie FoDe G TOLAEE, B TR P B R8s, i .
Per f or midRedimtb t&vol'ﬁ‘éiﬁraaafﬂﬁunpé}at bottoamidtesf iFomtianesaquescengrific94ridg plueds) thee gel .

e, Bl BT et P 8 e B ha RELGREEMEEE 2L 200 polymer ase

(St chpudgld ac%lﬂ‘;‘?’Pcﬁsf@%ﬂ%éﬁ T dBGLEIp O o) PR G4 "

for | monltib to thh gamlanityeonp PCB ykesmixsind perf@mig|PCRr efazb%mt iswsedh toEt@BAP- | t

06 vl | ToRCR Bloalrs syt Beutf L BBECRA B W PR AR USHERIG A0, P
is addé?dcoahﬂ itc (20 firicnlgptqoe BV"@rﬁquS fireand 80° G foa Hshisr ai®7® dilukch saBPBECtolbin n) .

Sanpl e ] n ume of 100 nmL by the addition of 73 niL
dH20 aﬁvgﬁ{ 46 Hﬁ%?a&&?n L(ﬁJgHé@ad Har dShel | PCRO6 PCR pl ate using a Tecan

scri pt of Il [0148]
Round 20%@%%%@@%&?3@63 S areé{.ﬁlll %egé ﬁ&g(ﬁg?laa 15 L
pool ofAddréagneiviesngdiupd’CR Rualdo dreaterfshipbovimimer nirowBich m@emas@smtanmm%

plates (] ﬁll’lpt output) and to add 35 nL of master mx (5 nL of 10X
Her cul agl‘é‘%@]?ﬁ% m. of 40 mM dNTPs, 0.2 nL of forward

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

[0158] Experimental design: A reference polynucleotide of 1359 bp (encoding an enzyme of 453

amino acids) was selected. A total of 190 amino acid residue differences from the reference sequence
were selected based upon sequence changes seen 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).

[0159] Oligonucleotide preparation: A total of 382 oligonucleotide primers for PCR were designed

and synthesized according to standard methods. Oligonucleotides were generally 31 nucleotides (nt)

in length with the desired change(s) to the codon of interest located in the middle (~ base 15) of the
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primers, 0.2 nL of reverse priners, 2.5 units Hercul ase enzyne, and 28.1 nL
dH20O). Anplicons can be pooled in equinolar or non-equinolar anobunts (see
e.g., Exawplen/B483. PCR is perforned and anplificati onPeenistéoodssei ng a 2%
96 well E-gel. PCRis carried out as follows: 2 min denaturation at 95C
followi ng by cycling at 95C for 30s, 56C for 30s, 72C for I mn/Kb. The
nunber of cycles is 17. [0149] 96-well plate purification . Purify all

sanpl esligsivagoZiempiméR- A8 oRgIRuclk@alns wigre @Butevetol4 M adite stefilernated acinurgps

pr ot occﬁal 'eteh%t(?e1 f Illaggvi ng nodifications) (Zyno Research, CA, USA).
Performal 1°tent rifude st eps at 2800 rpmfor 10 minutes. To elute the DNA,

apply H2O of. tenpperature 55C . direct to the silica nbrane, spin
f or 102[?711%59"““@1 {:"rma%)‘.’ iR EL IR, ]tg?%%‘émﬁg‘i%o""ﬁffspé’%“%%% Sduct is

r ecov erpatynuditotitlbivsiapiiragimept waluEhgatedin dARCReadtied using desior ecnooimgi I3 ntons
prior to.digestion and cloning. [0150] Restri.ction enzynme Bgll digestion .
Bt i ¢Seh ST nO e e R M PSRk L BB B

Tr ansf efan80g ptimof(amading pathe f-¢otw upsteau ot dornspend ofofie ggnodmetisng mt routatidny.esh
sem - s%ﬁéted w%%&&l al Qo204 420 1, OF Bkl gl ?nsl%lc gnifpster mx (5 i 10XNEB
Buf fer 32oUPS VMM Y I C RO R A BT A B’ Sbs, MA USA)) to all
sanpl e j ncubate at. 37¢ for 4 hrs 01651] 96-wel | . plate purification .
pur 1y T ARG AL oo Bobeotpiiths i dBLUL P PRl B8 70

t o manufagtivemswith ogerttpping kegwing bornhwing diel dosired godnndeduenatch@ngs for €dch op éref or m
all ce i fuge, st.eps .at 2800 .r for .10 m.nutes: Q el ute ~apply 25
n arpo hP BB TR R G R Rt RS Pl op 3 S0 8P

r epeat .in Bgamygest lhand 2mevmowp fld@<iDfomardindpe @t ptimes weecalelt tedach\fepli dng pr oduct

recover Sl n 2% | 1. .E=qgel . 152] .Li ion ressi on vector
T anst o5 i SR Bgtfibe £ Plte RApEle mpBLLO T b ERERERS. 57 1o
| i gat i gelymadtaeide fragmans) tolforhOle fillglasgh Buftueleot{dsearidan gltaerasseBblyl radsgonsVA,  USA) ,

51 of abe R s B B Ry Pl Tl St b8 pl ke PR R0 REDIE™S 16
foll O:ﬁﬁ%ﬁ?ﬁ S]e e%@gltla? i p c ef08 49 gtsgﬁft?rl%éﬁ}l?lhagloll gs’ln?é%%rmo ZR-96 ESR M of

HTP-T atronre on to
TSS cheikag ab.lpyodogrpetceined mld & caprdssioncabat endonachi legatiomwes trmetfaimeldligek. f or at

| east 15,.m fje . ot : g r tal
ies { kAMd paLa DN L wh

bl ock fcgél %ﬂrcﬁ n. kﬁg&glgllés %?%g%%%&% tﬁr%ﬁ‘?egé]?% egiac%{;s%rrgl e. Wn{})ﬁﬁéag?eéi at 37C
for 1 HouPNbetqrecig Quengnplf 60B4hchPtaasfommption WeeseTwoerd wing pdaatwing@rimersper
wel I of, t.ransto 19t Sh siRkile dirMbdado RabhHA%s: shP R RARSE three
5 mm beuelat to§eac{cﬁ%§v(\élgl e[!'gse%(etruzj6 a %@%o&ﬁg&é‘%ﬁgeﬁa{n lag’oﬁvo&e/ )S}yf aensngI? %an? §
over ni ginty tht 8 7@t GBS [ FIM) sédurge antdl tiwudesitedicndpn. scqugnceabeays. dhokquensieguence
anal ys ltRe Q@(ﬁltd%ﬁasﬁlcﬂﬁgp%raﬁ{n? o3RS \aahglg[s Ql)ét 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.

[0163] Experimental Design: A reference polynucleotide 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 polynucleotides each encoding one of 96 different proteins to be expressed and
tested. Each of the 96 polynucleotide variants was assembled by combining four amplicons
comprising the desired codon changes in their overlap region (as prepared in Round 1 below) in a

SOE reaction (Round 2 below).
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pi cki ng individual colonies fromthe Qtrays to inoculate the wells of Nunc
flat bottom plates containing LB, CAM and 1% gl ucose. For seqguence

verifi ed whavwsi44t080 col onies per Qtray well are picke@Cirntseomwms7seepar at e
Nunc flat bottom pl ates. For non-sequence verified variant plates, three
colonies per Qtray are picked into three separate Nunc flat bottom pl ates.
[ 0156] Col ony PCR Colony PCR is carried out on at | east one naster plate by
addi ng [2164 (Difgohllﬁﬂﬁotidd,lll’rbp_ﬂhﬁiohoAttb’tel ﬁ”ﬂ&@]d&godu@@h@ﬂ}gﬁr%vemﬂtsegnemm and

perform oSAP it the P S | ows:
(1) o et Lo bl BpdRE bR Ryt ol BLANR Kpe S e
Ex0SAP- del;lred(ch)nge(HXm ldetcod@t of 3ftcedt aor thé_ﬁudlﬂer(NaBKd 18D Ghd Qifgoﬂlﬁlemldh: and (3)

di | h of 40 f_dH2O
(0157 Wi &‘{r?&WS‘”F%B%ﬁﬁ brBMLE Lt KRR B g B e o
the Sectb'fé%f'ﬂ‘o%ng ak&s ‘[A\ otAAnth c nsb leCq{ne]?acﬂ% liton e%oonﬁg O tCI‘ eat €

t enmpl at e sequenci ng.

Exanpl Q)oBynu@mtudc adriaotfraghest, wat geofratt @ adt G eacemh upmg zymmlr eothprdegdsd @nt s
each enc rdeln(p qe 1%6 ttI d Q (Iins(ilna nslltn me %mepl%car%lom t?on%gl anot%I ative to a
ref er ence po yp\/np(f F%)nglf perlgma Nt ar 0es| R efer

pol ynu ahtea:genﬂ @rimbr dr&&@mbpn {lemdidiringer (mn@mg/mhmect@saps&mnmor (Emnsi&)amwm

sel ect e[ge geue conttal ing no 11? 0t1on eac%on work%%\lwdé'(l)%d gl%)r];sfa%(ﬁ SRS \Lérgng &es rlbe(? f er ence
sequence er &5 e%lt1 R pon  sequence clhan es seert I'n

enzynesxahple 1190 vari ants were made as i ndivi dual pol ynucl eotr des encodi ng
the 190 different prot eins to be expressed and tested. Each of the 190

pol ynudDPE®] i Rieng 2 H A ngpdiseny Peﬂiebynrnpbcmns frpm@\ouwal applppdehsice dwpr i si ng
t he desj e n epar in
e cesy s, ST EARRP St P Bl s R £ RO QTP R, BLERRPER: | G

pr epar a‘16|po]rynuo¢eottld¢ wirianth aBBclopaoprudiqeatd e the welbofn %emellFf(I}Re walegcrilesingned
and sy t ar

qener TR ponf ST Ry AR R RS IR B RS, e
codon 07f7as icartied @gtas {ocdtcd th Exanmphe Imuadwlgen {sserizlg ef th&ymlicosheol pogsmnclccbteiot i de
prinmer. X 4 Sterilh in an
Axygen Fﬁginf:ﬁ@etb 9(8‘%% i%qtlengt% Y\%?C?eoq[l%)\_’%é%?‘ Eﬁe Saé%ﬂl%el%%ro?rl% Flle 1% ,g\rrpl i cons
by PCR anEgzubse@atﬂndd@md tconregpotdi dfghd apatqdelzgnibet et Figes.var i ant fragnment,

was generated in a PCR reactl on using a vector conprising 1359 nt reference
pol ynudPEd i Stques - ) gic prpdactmufeeg pwifeapom usee ZymodBatfi At i on with

a commp.f, Iuﬁ{})lﬁss eferaaorne(g f?lfb”a% fn@ 10&1Q/e$t&eaﬁ/dee%£1%ga{f&§\&1£sq f%neﬁ‘?l%'g.t ream of

t he gene contal ning no nu ation eact n wor ow, COﬂ | ONsS an
cl ean- u:ph\hmt eclles Td'ggglpmb@ﬁom nacExranqﬁcbrglatiqn 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.

[0168] Experimental design: A reference polynucleotide of 1056 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 polynucleotides each encoding one of the 96 different proteins to be
expressed and tested. Each of the 96 polynucleotide variants was assembled by combining from two
(e.g., for variant encoding a single amino acid change) to seven (e.g., for variant encoding six amino
acid changes) amplicons comprising the desired codon changes in their overlap region (as prepared in

Round 1 below) in a SOE reaction (Round 2 below).
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[0161] Round 2 - Assenbly of Amplicons . Purified anplicons from Round 1
wer e pool ed such that 2 anplicons with overl appi ng regions conprising the
desi red cwdanigEguwence change for each of the 190 pol ynecrastéodesisari ant s
and each pool was aliquoted into the well of a 96-well plate as described
in Exanples 1 and 2. Common fl anking forward and reverse priners were added
to each pool and PCR was carried out as described in Exanple 2 resulting in
assenbl[91691 Mhﬁc{:@a&ra&ﬂon eA totﬂojfymmigemtciledéda‘pra@rmmrs)1esf1gned atdm t he full
| engt h po eotid arj ant The rea t|on i nspec by
agar os es%%‘%/slzﬁﬁac"f”dmg " dé‘o %{li“’r?‘sp E%Eb"t%ée%‘ﬁere expe Y\gﬁmsl%*zeé*g (“ée ﬁle

Fig. 3. @s@eﬁbﬁ@ke(%ﬁl&%éon/\:f&h@ﬁﬂtﬁathé mthle;,(mba:deelGl ofdie dl’@bm&tebsde Wiver
purlflcatlon rec dlnto an
expr essi on iy g%S Wgr& "IOSF g‘gherg‘ﬁ"?ﬁ?r ionetsghds Wasnfta&‘g“ 1 eREOTTIS hoh ooy
cells. cﬁme€®|bﬁmice@ofatedmﬁdh(di‘gotldcdfmﬁfﬂﬂsmdlhlftd\n&tpes/[ pmhlstedleazmbrpi aaws_m d DNA
was prelga[ge lﬁfeeDBloAgslel% ne |ng One sanpl e fromeach transfornation was
sequencea' usi hg s nci n prl nmers internal to and flankl ng the gene. O

the 19 P’ﬂluc 0 Irgneatl(\)/na(l)‘flz@frrl]tllscb s]bG%C(R8 c.ham Fcon orres ondquave only the full
| engt h per Et%_%_ﬁt%mﬁhl[—h? esired codon spe ende changes. By

sequen mol}guctlé'mds mntfrqgtnastnwais pnepad mta ROR shetioh amﬂ@a \mtar antgisingd0Sower e

i ncor r ecfte c ce ucleotl ste /Eusm Cee%lcV\%Eneer {n%%ny ftllo%q;w -I;II?IIO br ought

t he overa 'Ilfl CCEss raf1 1?‘8 ec‘t1 equences. 85'0 hh €sired 190
pol yn uahuzcagend @smuedre coglerh iffhnkag: grmiléln éanp@lhyg]t@dh@\@biode;ﬁ;trvm er dxpstessed and

ai 1 or ah SsFoBrEn e 3 RERR SRR sbuions TR Gy B Rt 2R ety 2°

t hree aimampleam d changes relative to a reference poI ypept| de. [0163]

Experi ment al De5| gn A reference pol ynucl eotide of 1359 nt was sel ected. 96
var i ant[81 7k rRoudéd i dsechblved Ampdionts aiPoiifigl ftoeted emplitoas (fmrrs2 tél ative to the
refere I I eot i des
cach ot BuSaRHERERAgE ikt ﬁuot@*{%eo“‘?esﬁsné@ el R R 4IRS e
of the fﬁlﬁvaptﬂnylmmtseptlmde wa:radawtaedmgvaa@sm@mab@esawﬁﬂblwﬁmglpkdur anpl i cons
conprising the deS|red codon changes in their overlap region (as prepared

i n Rourlfl72] Hekeam 3 awdcotidaPro®Rutind fter fyeficatpn pOIHAIMCER-GORGBI eot i de
Pr epar n nd

synt hegclﬁézaggp’zf,Ab Cﬁl%%re%ion %t g)nel :f éé?on%(gbr %8 ea&ﬁr%ﬁ?%‘&g&ﬁ Eelés?fﬁlll\/\r%:d glg%gner ally
31 nt iaalihestgtlh. Wwplqolpmes m@spacédanﬁlﬁamg‘eqrs\yert plcltddemd:pldemd@fNAwama@tedl n the

i ddl f i ] i
ai 1 ut ed TRV AR TR Mgt S IR ERLL ATt Pl PRRERE R ARG
[0165] iRowaldo and flanbmprditeigone. ofs shopi inclahls ll:(?el@@?of tEaghpdyrplleetale variants, 72
correspondi g E}%wﬁl uE’RAv% e e FK%{:@&%FWitﬁ%ec{%&ired‘&@ﬁco%%a{aﬁéeﬁd In a PCR

reacti on usi ng a vector c I’Tpl’l S ng
[0173] Table 1: 96 Variants Constructed — 88 Variants Required to Make Final Plate

Sequencing Set 1 (n=96 2 (n=96 3 (n=16)
Total Correct 72 84 92
Failed Sequences 5 3 2
Cross Contamination 5 2 0
Coding Mutations 8 2 0
Indels 6 4 2
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reference polynucl eotide as tenplate and using a nutagenic priner in

conbi nation with another mutagenic prinmer or a common flanking priner
(anneal i nyoto1ag108ect or upstream or downstream of the gemarSe@awaisni ng no
mut ati on). Reaction workflow, conditions and clean-up were as described in
Example 1. [0166] Round 2 - Assenbly of Anplicons . Purified anplicons from
Round 1 were pool ed such that 4 anplicons with overl appi ng regi ons

conpri si ng themdest r edsamodom daguelnt et chingeasfid milynseedtidofvaridne, 96

pol ynucl eot i de vari anteaclamdodiarcior ppdypepad cahtagjingtae@de amino atiie wel | of a
96-wel | plate as descrmlhﬁwnifmm&pdneespolyranldotﬂis Common fl anking forward and
rever S§0§7r4? Rrimattal da(ldcrlle% L al (?138% L8965 cres %s fr)lCR ha% e(:llaa(/rl QFB aPIrlﬂto £3ds

descri be n—xéxemﬁll—e%‘i%—e I hg i"R-asse Pﬂ’m cons (i.e.,

pol ynucleotigied foragnaioh. sIhet wild-yperitzinae fswhéodh@bggat hfqn@icym,lszdwbbmc&eseqmnqeant :
The ass Moo §36CEd i.nspect ed d found to
cont ai n?g?% (]bl.? %% Ogec?iﬁ: gofé/\%uc?eo 1%%‘§)aélants eacF gonQalmng one %%e%ém%glloaﬁgﬂoregara% ence
anal ysisspapdtelPoy yesigning@nd siatlmmdgupmmers /gfsmeeartmgamplﬁqooatancbassmnﬂﬂmgpa;smﬁ ZR- 96
PCR cl ean up. (Proguct s wer ressi on vec}lohheanganons ch

|i gati onwas transtorne 1 'leieEgQEQOIP'nuC%O (?e FEMUEOMRB " 810nT 88 TFFG M each

tor1 ansf oxlllrmﬁt?e:)ffull\lmgﬂa pplymkcé@fnamhrphtasmthhnlbhwle&\@getm@paxrteqiurﬁiﬁnatiﬁl\l.élosieg uenci ng.
e sa L.Qm eac ransf or nat i.0 u si.n nci ri mers
it er nal SRR EAS RebiB MEROL RO R R ARG RNERE S DRIV 505 48, B 55
(85% wbméngded araltsfqmmcm@tehaweamaly;fort daeh gone lvmaht) FARelSI&thE pckingkid t he
desired, ¢ hasp et%e enz. rrBanan?s aje s%;reere]r?er at (Ii %?ereos]: & e%gganoilts %r6€ s(ejIJeL &l %0 identify
pol ynucelxgoﬁ varrant s each €nco po 1de haV|C|11 Crrom one’to six
am no aheldutaﬂmmrcg”aserml ative to a ref er ence poI ypeptl de. [0168] Experi nment al
design: A refer ence poI ynucl eot| de of 1056 nt was selected. 96 variants
wer e dd817hdaljgonan 0 riooepeh (fthe §desirod i@)tiomsittad morgerfic om t he
ref eren : d i ucl eot i des
each encgdﬂs u%fgg&{%gﬁ%jfe ;I-Q?e]negfg%\'a @g%grnetv D o{% a%gg gt qmduq?%é%g%lra&nd t est ed.
Each ofpotmeclﬁﬁidpcﬂdgm sEluewt clmhagwlatlmshwvaﬁreawethm Ty pnmmbmrerﬁg fromtwo
(e. g. nugleot {4 nqgﬁ[ th w1%10t(l:{é gg%%d?oﬁﬁ(ln wa%r%cg'%d ﬂlgm?cﬁﬁno(}?lﬂ}e othgonu% ?tﬁle( %11g f or
vari ant"eReodi ng SI'x am ho =acl I'cons conpril esired
codon cﬂngmglebomdws wheisynthasered wgorﬁemgltcoﬂar(dansl nmtleydaameldliivted Rotind wmthts@rldmv) in a
SOE reav?attér?rp'jnl(ﬁpg}ég&nglﬂ?ené%’)(l Qi? digonucl eotide preparation: A total of
€0

108 ol i gonuc rs vwere eS|gned and synthesi zed according to

St a.“dag[ﬁ %gtfﬂ) 31- 9)111 &P&Hﬁ%l HEHMRIE f%?@a%ﬁ%lf{l}% 8%1&%%} ond ?w«L %H@k@ll"“ th the

:S

desire nge(s) to codom of rnterest ) of the
ol i gon umregftnﬁld@d with Ot/wl?plang regioag¢anpeibiag geslewsd eodoh okangt aigleett hesitiona Epdnger

ol i gonuyy i i ncor por at ed.
A1 ol SRk 08 M R B Ao ST R Bl s BRI SREPASH LB | 10

polynucleotlde as template and a mutagenic primer in combination with a common flanking primer
(annealing to the vector upstream or downstream of the gene). Reaction workflow, conditions and

clean-up were as described in Example 1.

[0177] Round 2 - Assembly of Amplicons. For each of the 82 polynucleotide variants, the two

purified amplicons with overlapping regions comprising the desired codon change (from Round 1
reaction) were combined. Common flanking forward and reverse primers were added to each of 82
wells and SOE-PCR was carried out as described in Example 2 resulting in assembly of the amplicons
(i.e., polynucleotide fragments) to form the 82 full-length polynucleotide variants. Inspection of the
assembly reactions was carried out on an agarose gel and all 82 reactions were found to contain

product of the expected size. These full length products for all 82 reactions were pooled together.

[0178] Pooled Cloning and Transformation of the Full-Length Polynucleotide Variants. The pooled

products from the assembly reactions were purified using a Qiagen kit, digested with restriction
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Axygen Hal fDeep 96 (1.1 nlL) plate. [0170] Round 1 - Formation of Anplicons
by PCR. Each anplicon, corresponding to a polynucl eotide variant fragnent,
was generwibedi'r4®3PCR reacti on using a vector conpri si RgTAG2@9085750f er ence
pol ynucl eoti de as tenplate and using a nutagenic prinmer in conbination with
anot her nutagenic priner or a common flanking prinmer (annealing to the
vector upstream or downstream of the gene containing no nutation). Reaction
wor kf | cmzymm mldhetdi im0 sn axpﬂeseibemmnprmﬂbmeﬂs‘ntd et tdllbedd phtcboatopbléd 1B ne@id 71]

Round 2 ﬁt 1n1 %éan%ch licons, . Purified pooled anmplicons (from2 to7
anpl i cofl nuci és dn‘? RETE Al i guoted into pI at es as described in
Exanpl n fl ank| rd and. r nens were. d, and PCR
Coamm &f} L b L e S T S L e

Pol ynuglobptpties @hibdﬁngtsome ifirercd propédyi @attivgy oumtl:mgmz(ytype)ZRaﬁ&dI%@RJSMgean up,

pr oduct ned X sion vector, and each ligation was
t r ansf otgerr%a Sn?an? ?Stancﬁmolh%stthr g%q&assalyvm colonies fromeach transformati on

¥‘Br e pi ﬁiés%f s%ﬁd?PE’é X‘Eﬁs&% o%ﬁ@%eoﬁﬁee%’}{?%@ E%ﬁnv o t§ Qr‘é%élgétéhgat ra9&om af”p' €
rome nci ng S|n ernal to

and f | aaduengng. Haclyesrant vis falmndwncdnminleds|desitkd (Imealtlolw)No mhddnlnmuaﬁons were
pol ynuclbeot |dde variants, 72 (759 were shown to have only the correct FLP
sequence Mth the desired 2-7 codon changes. [0173] Table : 96 Variants

Construct ed ar i oF NN o I
CGener ati on o% 1|ozfol e? g u‘%i%y E%Q\%Etf%%g Eﬁﬁ&f@%ﬁg l%%gglffé%t s, each

encodi ng for apolype d % LN one am no aci mJatlonfroma
ref erence pol ynucl eotl do% peri rrent al design: A total of 82
speci f |[@1&1me5_nm_@mgger$z5¢fmenhamlyrgwlm®ea)ﬁﬁﬂé badémdedingrrecnzamgeiiet f or
mut at i Whing J&%ﬁy\%éls%elteytgcg ARy d'réildﬁ ?Qﬁ?i}i‘ﬂ@én oglﬁf)l?sro?ﬂl%%némexgelﬂgge?e%ehde
sequence of speC| IC po ynuc otide variants ch containing
one of ft)lh@ﬁ@izctematua@ttlpmnmtaaﬂ@SIpfl@pa¢r@wtlslep%aﬂalt9@hyn0w1dde€e<iivgmhmewdach of
synt he ] u I WelolalcH L f
! 1 conE I RUMTER Sy BN @b SR AR h S, 1RO ARERIR s URF LR,
conpr i goden sechidf is caablnof eichdngall Pistiblopmirkacidghingtengich. pol WM]@@M de
var | antsh A4S RELIAROL el QUEHIRE 1ROL Al B ARG B3 8fun Kk aNLAR, AR
transformation. Pooling prior to transformation reduces workl oa
conpar etnulangoslny edthbicihg i atgPaRAR treaginef (8wt rogetion bqi@vv)g@pawa@@ln}ph_ﬁ@s each
9ene e el n ROLAEL Sl AN Bl S R0l G A8 Ay ARG AN BloRNT S 7 @
screene interesting gene variants are sequenced to | ent| t he
nut at i ontheftargatedaoeigon ln[ﬂgiﬁlr?@]:rlm regjonu ¢hewsulige phurilite of plhepelretide amanﬁcﬂnat each
of L he R2ASRLLAhT: 34 b PMerchitBaIMLAGERL Gh Ol ARONE! BRGNS TRLE Wi LRNe

d an e &

f orwar one reverse) were S| gne I nc e desire
then combined into one pool before ligating and transformmg to generate clones. Sequencing is then

carried out on random clones to confirm that the full-length variant genes were prepared and/or on

“hits” identified by subsequent screening assays carried out on the clones.

[0182] Oligonucleotide primer preparation: For each selected amino acid position, 6 oligonucleotide

primers were designed. The oligonucleotides were 33 nucleotides in length with the codon to be
altered located in the middle of the sequence (¢.g., at position 17). Three oligonucleotides were
designed in the ‘forward’ direction, while the other three were complements in the ‘reverse’ direction.
Four of the oligonucleotides were degenerate and two were specific. Two of the primers were
specific oligonucleotides including the “TGG” codon (or the reverse complement “CCA”) encoding
tryptophan at the center. The other 4 primers were sets of degenerate oligonucleotides including
cither a codon from either of the reduced codon sets “VWG” or “NNT” (or their reverse complements
“CWB?” or “ANN”) at their centers and otherwise were identical to the reference polynucleotide at all

other positions.
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pol ynucl eoti de codon sequence change relative to the reference sequence.
The primers were 33 nucleotides in length with the targeted position was

| ocat ed iwotzh®/midl e of the ol igonucl eotide. Al ol i gorGEIUSRM0OESINETr €
synt hesi zed according to standard nethods and diluted to 4 mMwith sterile
water in an Axygen Hal fDeep 96 ( 1.1m) plate. [0176] Round 1 - Fornation
of Amplicons by PCR For each of the 82 positions, two anplicons were
gener at [01:83wi Alholtgmemdl@pjdﬂ primaregero smatkb@ilzm desartigg torseandad hre&xddzcaﬂ@lﬂutedha)ng e at

t hat Pos; Agan P gact .using a vector
cont ai r{L tF Ag QVE?“ rexfyér e%?@%%?g{% E)oqlﬁﬁgrhe%eenﬁﬁv"ﬁf PLRS™a mut ageni ¢
primer (cwntmng;)lhnaINth “WIW G adéﬁi@ﬁﬁnodohae)aiermnﬁune&ata felanead oihl@ &b the
vect or strea ovvn,strea e workflaow, conditi ons
and cl egsﬁ)ectlvel mrl“ge IV erc?g %uglﬁotldes %(ntzng ghi ﬁﬁgﬁ_ anﬁl dkb% cqdons, rrBIie
Anpl i ccsnmlarlylfaoasleceach of the 82 pol ynucl eotide variants, the two puri f| ed
anplicons with overl apping regi ons conprising the desi red codon change
(from ROL84H Rouneé &e ForomlionefrAandioosi bydd'R: Obmmmplibd)rapdolsr(ge fsots WAPCR anvdudtever se
gg!sg?: Eewell;lsemg'%c(ifig odonﬁ)ewere éﬂeraged florneacahscétgﬁ%ﬁs os?lolg%hat wereI targete(? 9)( sa"tlurat,lon
pol ynuoheatehde. Eaagfmhaifa)nphmn‘s wasngdnbleteam §RCR fdaﬁmgtuhlng@ Ivm«:bmmhmgj ¢he
vari ant | nspection of the gactions was carri ut
ngar ose B PERGR PaSliedldE S REMR b W BT PPS LR By Pl B Tl
expect @tdmbinztdnn withes@nfnuinl flahleng pritmpr@oiuding tf e vakdr ufrene acdqvonﬁeawxeofehepool ed
t oget he (:gle 68[ 8#7%54:}%90'“99 wg Q\IJvn n 1[[}d TI’ nSf 150% elar? r1]1 Orfld [gurr]l 1ca|1%l‘(l)l Iwelr‘eearggt h
Pol ynu ti ari an e poo ed" pro GRS T Em P Ae BSSE y reactions
wer e putkesdribetindishmgled. Q agen kit, digested with restrictionenzyme, cloned
into an expression vector, transformed into host cel | s, and plated onto
sol i d UBL§Tkd@nddnAsiemblypf gimplions. Ehﬂjpmlﬂﬁled)mapmhem@s)ifrom B@dlﬂi91] wdEelr t her
scr eenl f ti e n tify
"hits ?glbl%ed Eu@ﬁ IBPtIhXE % of grgélhc%g ?hgveQ%)I}?‘ie@ r@(?lls)é %&Jls? héj%sdet(s)l?ec‘f acg?&lw ty
over t hvbanges s t@ebey thl: 48 p@rtionedeno tahquspsrimtgo ks era&ﬁsﬁedimmztssiea;cnbehandar d
hi gh-t n ri ant S
T e PR R o A PR PR S B R R R WO
f ound tRERoemtcairied onters dessiibeddn Bxengtld Dresulfiee 1na$sdmh11yrmﬂthabi/@hspmgatmlmb®er ved
Exanpl i I i n encodi ng
912 pol ypepﬁ)tl}%gag&%égg as\)/?)nig%glxgoﬁsnﬁu Pe%tﬂg léﬂdjc? Ogﬁavr?ggmérlé %} t%/%f to a
r ef er eneénpdéopigepievide 23 fidit8h] cofapeart onverithel48 @e&am@ﬂ) Mspccelfoe péthese SOE-PCR
pol ynug| 1 i n

sel ect ed S%%kr%drga(:%m& %ea%? eg&gggnatql gg{ %gfe f eren g%%?‘?aqn ﬁml&%ﬂﬁ%&&lﬁsf\f/@é wer e
sel ect edpected size.

[0186] Pooled Cloning and Transformation of the Full-Length Polynucleotide Variants. The 48

pools of full-length polynucleotide variants from the 48 assembly reactions then were pooled together.
This final pool should include full-length polynucleotides each having at only one of the 48 targeted
positions, one of the 23 codons from the reduced codon set. Thus, a total of 1056 (22 codon changes
X 48 positions) different polynucleotide variants encoding 912 different polypeptides (19 amino acid
changes X 48 positions) should be present.

[0187] The pooled full-length polynucleotides were purified using a Qiagen kit and then cloned into
an expression vector, transformed into host cells, and plated onto solid LB media containing glucose

and chloramphenicol.

[0188] Further screening of the polypeptides encoded by the polynucleotides to identify “hits” (e.g.,
polypeptides exhibiting some improved property or activity over the wild-type) is carried out using

the transformants in standard high-throughput assays.
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for conplete saturation nutagenesis (i.e., generation of all 19 amno acid
resi due changes at each of the 48 positions). A reduced set of 23 codons,
conpri si NYOPEB/Iam®3t he NNT and VWG reduced codon sets, whirais2éo9/08mpabl e of
encodi ng all possible am no acid changes is used. For each position, all 23
possi bl e pol ynucl eoti des conprising the 23 different codons at that
position were assenbl ed sinmultaneously by conmbining in a SOE-PCR reaction
(Round [almee&ehuhemce bﬁilﬂw)ofﬂ’mbnmﬂdd)‘f/ar'aml irwanyrfc(lmcﬁmﬁeseﬁkré seldiRednad 1

reactioq ts S .CO rlse the 23 .different
Codons opra ey Ga Babiin e Braf bRae BTR e S SPR ARG RebOSsEHEL L £ g

pl ural |s'equemfmg)1minyanumtemat toched ﬂatknrtgr‘l:h@gehha@f memmmreumne@dnmmﬂmxe%al | 23

different god at ., eac h ‘Id erent osi tions, evarlants are
t hen con%l ng ve the esue(f)res tlt 0?0 en%t genﬁ* contgam%Pnea 110 i@ﬁl(?cﬁ‘la{l%)e gener at e

0 ohe"pool
cl ones. targaewmmongnd B atdldmnnad amtaltle]d; dimo gamsraapmdmdmnlha@aem :trmnco:amd changee hat the

full-l e[ﬂzgtwréreva l)l% &to%on amln (li?ran% rxga {og%d (da qu% ﬁans 0|r11mantsI )t 6{1%; der\}&;[as oun toby

subsequent’'scre
d i gonuel et adﬁnqmmdlmﬁngm epaobthlﬂmTosEdnoneaaﬁﬂo&ehmath ammtar@eﬂ doqu'mmi tion,

6 ol i gonucl eot.i rimers were designed T onuc | eot

ucl eoteeSE R PElnTR P hd CE R BRSO B P B SR AR RR AR i e o
t he secuaemnsearé&)lgexpeatedpﬂmnﬁmngrﬂeg&l)eraterodmeml i gonucl eoti des were desi gned
in the 'forward" direction, while the other three were conplenents in the
‘reverse' dilixempiedn. Fomeragdn dfheoalkd gonlsleoticdels vavens cdegeser at e and two
were specific. Two of stdekaspe minees defived muspesich¢odinglffogohtedB emirocesl | ncl udi ng
the "TGG' codon (or thaimwfmc@dmpkeémbpm@@@'ﬁme encodi ng trypt ophan at

t he ce Th r pr of tides

i nol u dlrﬁlﬁf% gmgénta? de 1 nt ]Arrerrﬁe]r%f: u%lgg)tfcﬁ of 1%29)?2 g&l ahn esne h o ' or

" NNT" (aamnci dvaisy wasevlectsd Thamgeh él@mfmed GWBO agd cHaABId i) ttatrefmhmersecmemee\rese and
posi 11 oogePBEEa PR e b Gk LERERGSLL BT ERe Pl LoBIOR o
St andarthbe degihérbdstatgmd mthlnum mdtagmloflprnmrwatnhxtglte@rf aﬁnphqmai ig preparedepnAxiyige the

Hal f De r pr tai ning the
“NNT" | e],%d%\%e(d n}uééltm?%%&leaotr? co&{l&?n\%g%%le no utgt gt all} Alln-%{gﬁcérnggg (;ﬂéélf 16: 6: 1,
res pectqombinyd infcheesingleasemmsbdy readtiog mumkremtalpdelsof @dldtmtmpqignmheudmmmms " C\\B"
and " CCEAi r I: d

Ampl i conscoglgg g%és:)vt\ﬁa\}\gonzgﬁrg ngéiﬁgc R{?%L gtdthe ée%%géllélfnéaq %{1?' mm&% E%%u I%}I rrprl si ng
all 23 gt:w(ﬁths)geméibeirgém@crahmdﬁlm tlea&}brexsfont‘fheoréhad pwfctrlmghts thehat vver e

t ar get %&f%& saturation mnmutagenesis. Each pool of anplicons was generated
in a PCRreaction using a vector containing the 1383 nt reference

| | i bed
ggozgij‘ibﬁﬁi RS 1doRIPLALE pADG b e FB?FI ﬁgtllér%ﬁ"ggﬁﬂnﬁe@m? gﬁ;%g&g&ﬁdt hg
vect or pupsty(esnioorardiowmst reyene)oferd desiggraiiigt incldh _éwvw@eotndeéﬁiiereow(sbm kfl ow,
condi t 'eggo%’ingatﬂeddegim zfnﬁﬁ)(pac?c{ c%@l[ﬂg'euﬁ)n Qﬂgiog,%vlo fnl)ﬁ;—ﬁltu{agé]lié'\ﬁ'{n?ermere designed for

each mutated position. The oligonucleotides primers were 33 nucleotides in length and the position of

the nucleotide differences (e.g., changed codon) was located in the middle of the oligonucleotide.
Two of the defined amino acid residue differences in the reference polypeptide were located very
close to each other at amino acid positions 173 and 176. For these two positions, four forward and
four reverse primers were designed as follows: one primer having neither of the two mutations; two
primers each having one of the two mutations; and one primer having both of the mutations. All
primers were synthesized according to standard methods and diluted to 4 uM with sterile water in an
Axygen HalfDeep 96 (1.1 mL) plate. The two forward and two reverse primers (one containing the
mutation, and one non-mutagenic) for each position, or the four forward and four reverse primers (in

the case of positions 173/176) were combined at a molar ratio of 1:2 (mutagenic : non-mutagenic).

-50-



described in Exanple 1. [0185] Round 2 - Assenbly of Anplicons . The
purified anplicon pools from Round 1 were conbi ned such that the pairs of
anpl i conswei20tv/1@¥®B| appi ng regi ons conpri sing the 23 degCra2@946150T hanges
for each of the 48 positions were aliquoted into wells of a 96-well plate
as described in Exanples 1 and 2. Conmmon flanking forward and reverse
primers were added to each well and SOEPCR was carried out as described in
Exanpl 0®2t exuwhd i nﬁorinatiasﬁeﬁrﬂnili;comfbvtﬂﬁm oV erdl aj)mi am@liammhixnms;va(s igerera,ted
polynucle ra ments).to f ools cl

Dar ) anca 8Pk iEEANT a8, OO TORRRE o hal B A PUPHEEREPER one
of the «A8tpds rholalnst)o oﬂrmﬂmmb na)nrbnoﬁutigams @nﬁéﬁfcﬁ&ﬂé @ssien®) of imt@adt Tins- wer e
carr I ed 8u1’tldd§) engam ar OseI'e cpar (PU.S nl’ill)r;lgd trl%leco %‘gl’lle f U| (!O%’ln n}ha OdUCt S Of
the expected sizé" p%]ﬁ%ﬁ 8"?% AEohi A’ and’ T st o Hat (00 of

Ful | - Lgmigteh (aEmdayngmlve@bn whetrédardr doysstreand)fer tﬂBot]hﬁlO |Ag] aoffier ﬁmblhcohsamngcﬂ hluxed
polynucleotl ia tions ooled
Fogut hav e oo i Sl Bt feitfud GRETRIHs PERRHL RSO BT each
havi ng @B’ ammynomEmm¢umheRéﬁumawgkﬂ@dcpmhummamsdmmn$xmie@hbmimabmdons from
t he reqyced qodon set. Thus, a total of 1056 (22 codon changes X 48
p05|t|onsT‘ ifferent polynucleotlde varlants encodi ng 912 different

pol ype 19,a C ent.
[0187] Ft%ﬁg:?sRo g L3 b l111 E}de IIXRI ek otf rlqseh ampp(fonq%)mﬁ%&lﬁlgﬁa G agen
Kit andmﬂhmnmﬂhomedmnmimmamgéxwmassdammvemﬁmﬂsmﬁﬂhﬁﬂﬂb?ﬁﬁdmsnnnmhmﬁasceIIs
and pl at ed. sal i nedi a cont ai ni | ucose or.anph oI
[0188] ¥ ?'I(P 1n%§<cr 18 glrer%u tin m gesei %?}1 (%J the atn% dgons Lo by éfaucbeotlfl%fragg%lnte n0a, i des
to i del]mblﬁeglr sdhiyild & ful( Engh polpmicyep‘eqtet\ladaﬁs exllylsistof thg agsombly ircptiomacinppoper ty or
achH%IIHI ﬁﬂ%ﬁﬁlﬂmﬁglegﬁﬁhe @g@%ﬁrggg%%%n%g the transformants in

st andar assa naIyS|s of Pol ynucl eoti de

Var i ant[§194b%ﬁh lon(i)n an& 91 3 01%%‘[1%5 h Fullel% E’Englt uc%ng(?e%angﬁts Sﬁgﬂ) nf:e
anal ysi's

sequencswgmpmrmﬁp@wwnmeﬁmmwmgﬁ@mwhﬂﬁwMMRdgnbhewgemsmnﬁkmthepﬂmnwdnno
pol ynu%ogt c%f[ dgnd epqgt(!:d’i (Hl& Sohgt %B(n%%@ cotalnfh g?u%n% aﬁlﬁ g‘lﬂgr\{l%g@elﬁ%ofey red r esu! t of

a full cont al ning one am no “acl argeted position
and no t I r V. id
changesl@fb‘*ztﬂuﬁt%%gc%%“%% Ty PYiaEC RSP AR B, 1uf O (RE
transfqmbmnmskgw@ﬁmngemeemﬂ@m&dgnﬂﬂbunhavmymmmwhﬂwmbwaﬁuﬁmpMdmgegngone of
mhlch qﬂgﬁﬁm%hgﬂ%gnggﬁggﬁh%y%ﬂgﬁggga%ﬁg‘npn-targeped position. Two were

und to have no am no aci did contain a silent nutation.

These JOLRN LS HUALARAS AP bR RE RAPOSES .)ég Gl HLAGIASISNEEAL Gefodon set s.

Exanpl € nucl eoti de variants conpri sing
sequenced and found to comprise the following distribution of full length polynucleotide variants

having one or more of the defined mutation (or wild-type): 2 with no mutations; 4 with 1 of the
mutations; 8 with 2 of the mutations; 8 with 3 of the mutations; 5 with 4 of the mutations; 3 with 5 of
the mutations; 1 with 8 of the mutations. All of the 13 desired mutations were observed in at least one
of the sequenced gene variants. All of the variants containing multiple desired mutations had

different combinations of mutations.

[0197] 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 application or other document were individually indicated to be

incorporated by reference for all purposes.
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stochastic m xes defined nutations encoding fromO to 13 am no acid residue
differences in a reference pol ypeptide [0190] Experinental design: A

r ef er encewpabiwugeiogot i de of 1632 bp (encodi ng an enzynePofl/US4@9aKISND aci ds)
was selected. Thirteen (13) defined am no acid changes in the reference
sequence were selected for preparation alone and in various conbi nati ons.
By m xing nmutagenic prinmers coding for the defined nutations with

non- rmt[ﬂ.l}!ShiWhiﬂ)ﬁdaﬁﬁﬁﬁpeeﬁiﬁdﬂ'mﬁodm&nﬂﬂla‘&m@bﬂ itlonmted snpdspiticddt ‘&ihlr’qari sing the 13

defi ned mut.al alo in.com tatio Al

ol | coRBURs! PGPSR P RE S SR Braba irTM BBt sher at e a
pool ofinfeutidn(d)engt h polynucleotlde variants (encodi ng genes) t hat contains
stochastic m xes of the defined nutations. This mxture of full length
genes (the gene library) is then ligated into the expression vector and
transforned to the host organism [0191] A igonucl eotide priner
preparation: For 11 of the defined nutations, a pair of nutagenic priners
(one forward and one reverse) were designed that include the nucleotide

di fference(s) encoding the desired ami no acid change. In addition, two
non- mut ageni ¢ prinmers were designed for each nutated position. The

ol i gonucl eoti des priners were 33 nucleotides in length and the position of
the nucleotide differences (e.g., changed codon) was |ocated in the mddle
of the oligonucleotide. Two of the defined am no acid residue differences
in the reference polypeptide were |ocated very close to each other at am no
acid positions 173 and 176. For these two positions, four forward and four
reverse prinmers were designed as follows: one priner having neither of the
two nutations; two prinmers each having one of the two nutations; and one
primer having both of the nmutations. Al prinmers were synthesized accordi ng
to standard nethods and diluted to 4 mMMwith sterile water in an Axygen

Hal fDeep 96 (1.1 nL) plate. The two forward and two reverse prinmers (one
containing the nutation, and one non-nutagenic) for each position, or the
four forward and four reverse priners (in the case of positions 173/176)
were conbined at a nolar ratio of 1:2 (nutagenic : non-nutagenic).[0192]
Round 1 - Formation of Anplicons by PCR A total of 13 anplicon m xtures
was generated in a PCR reaction mx containing a vector containing the 1632
nt reference polynucleotide as tenplate and the 1:2 nolar ratio of

nmut ageni ¢ to non nutagenic priners for the position(s) of interest. The 5'-
end and 3'-end anplicons were prepared using mxed priners for one end and
a common fl anking priner (annealing to vector upstream or downstrean) for
the other. Al other anplicons used m xed prinmers for both ends. Most
anplicons therefore contained no nutation, one nutation (e.g., at 5 -end or
3'-end), or two nutations. Reaction workflow, conditions and cl ean-up were
as described in Exanple 1.
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[0193] Round 2 - Assenbly of Anplicons . The 13 m xtures of purified
anplicon from Round 1 were pool ed and common flanking forward and reverse
prinmers awsoedo/SOE3PCR was carried out as described i n Bxargsb@odstsesul ting
in assenbly of the anplicons (i.e., polynucleotide fragnments) into a pool ed
sanple of full length polynucleotide variants. Analysis of the assenbly
reaction on an agarose gel indicated that it contained full-length products
of the expected size. [0194] Pool edCCAovisng and Transfornmati on of the

Ful I -1 ength Pol ynucl eotide Variants . The pool ed assenbly reacti on was

puri fi edhatsd abgmed © agen kit, cloned into an expression vector, transforned
into host cells, and plated onto solid LB nedia containing glucose and

chl or anphéamalald.of pii@SyinEaptunedity sfepobemilevgdotariahte cpblhypepitildesonedefodéd by

t he pol ynycl eot | dentifyc"hits” . | ypeptid xhi biting sone
pr over B ASEE JRSAG RFAN e} Fonvlifofiqe BRPVRCRE LIS SR T ST e
t ransf or mant(s) i n sspaaaiciapdplifygb a rédferenig pplyhucd®s dy/smpla@ Mot caGecfuehoditpnal ysi s
of Pol ynucl egt | vVar | ant . d e i f Q equenced
and found 1 duo gkl FSese Pab AR AMAPIEEL A, St ARSI &

pol ynucl eot ipfieewanimarites tHeaphirrgy ofdefioed moleetidofdiffdnanccehi mbereimeeditpagn ( or

Wi | d-type): %ne\:lr\'ittsh N3 HUtnaCtolnor}ssl- aﬂsewﬁé[ he (::I'a ql{%e tfq)e1 J{Uttg‘talrilg gc;entsov\el\l'jla{[ hin2 of the
mutations; & Wth 3 of The mi ar ong 5T WPEhT 4 ot e “mitations, P8R th 5
of the nut atse@rsge of atledshor® odfer erthydicomt at i ons. Al of the 13 desired

mut ati ons e observed in | east.. one of .t he. sequenced gene varjants. Al
of the variaats oshra g TarL s or bR YRR AT Rl Pl

conbi nat i onsinglicons hatingmigacerft 0¢BApping dequanbdsicezbiean dindipg tefots thedailt kength
applicationsfﬁqug H%rOP%&H&%H%§ g&kgd in this application are hereby
incorporated)by Feference in thelr entireties for all pur poses to the sane
ext ent as i f(ceacheplnaingitibugirality bf secsatf iasamblpdtmplicong tieehy syappbiricgti on or

ot her docunept re individual ly indicated to be incorporated by reference
for all pur 3§g§§f§%$ﬁfa§hﬁ?¥%3éﬁi%ﬁs speci fi c enbodi nents have been
illustrated (dnd desbmidgeik plurklitwiof polppeckppicaaiiatsed t hat vari ous changes can
be made wi thout departing fromthe spirit and scope of the

i nvention t 1S, i LSt . f kzing a

ol ur al 17y "y metl Mol wheheifLah TPl bl o ol s KRERERHALCD 3

nucl eot i deordirfséseat bag @ng ef the dofiscd mckotidsfdeffaences. pol ynucl eoti de sequence, the
met hod conprising: (a) separately anplifying a reference pol ynucl eoti de
tenplate with each of a plurality of pairs of forward and reverse prinmers,
wher ei r3- t ke pethedefiapy ogsfof glaimssl-Biwhersinghe trfcienge peyisicksetidsranesiesa &HPES ses t he
pl ural i ty,af,4edd AEdadhbe bR Qhir A8y S folyRLEN%AS yARAks CASH&I MhoBAE R RhVin LR NET at es

an anplicon conpp|5|n§ a sequence capabl e of binding to an adjacen
over | appi fgst one amino acid sequence difference.

4. The method of any one of claims 1-3, wherein the method further comprises the step of separately

cloning the plurality of polynucleotide variants into expression vectors before they are combined.
5. The method of any one of claims 1-4, wherein the method further comprises the step of cloning
the combined plurality of polynucleotide variants into an expression vector, thereby generating a

combined plurality of expression vectors each comprising a polynucleotide variant.

6. The method of claim 5, wherein the method further comprises transforming cells with the

combined plurality of expression vectors.

7. The method of claim 6, wherein the method further comprises screening the transformed cells for

activity of the polypeptides encoded by the polynucleotide variants.
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sequence of at |east one other anplicon; (b) separately assenbling a
plurality of sets of anplicons, wherein each set conprises anplicons having
adj acent woenlwpgpiong sequences capabl e of binding to forgeTiuseoooFtsor engt h
of the reference pol ynucl eoti de sequence; (c) replicating the plurality of
sets of assenbl ed anplicons, thereby synthesizing a plurality of

pol ynucl eotide variants; and (d) conbining the plurality of polynucl eotide
vari ant&. TRe mdth&l ofetaivod, wiierdh e meihod reheedompeias isobiting imdeqsl ane abliypaptiod  pai r s
of formarqlag tever se aruﬁgr%ﬁgpnprises at | east one of the defined
nucl eot i d& QI Frer &rlces ™ L THE Bt hod of any one of clains 1-2, wherein the
ref erence pol ynucl eoti de encodes a reference pol ypepti de and each of the

pluraligy ticde: variants. e y i i at | east
bre. ani‘ho TRt SRR ALY 30kRy ARERERR AR ARSI RN, 3T o0
wher ei n t hemeretdngist arledserncclogrpeiesesinehe st ep of separately cloning the
plurality of polynucleotide variants into expression vectors before they
are conbined. 5. The nethod of any one of clains 1-4, wherein the method

f ur t herlOc §hpmpthedsofickem 8t wherein the |degenergte phmereompripas dt Jorstiprel deggnergfe codon at

pol ynucl eQF&s@%n}é% h@Mofiad MECrAR sERRALEFSH AR Yoﬁﬁ%gﬂsisﬁﬁé‘@frﬁl?ﬁ NGRS 1 ng a

conbi ned plurality o# expressi on vectors eac nmprising a pol'ynucl eoti de
vari ant. ONKTRaNe2NSoiNdf NP[TaR MG RN@h BREi INT.NeNSNTodnd YYWGher conpri ses
transformng cells with the conbined plurality of expression vectors. 7.
The met hod of claim®6, wherein the nethod further conprises screening the
t r ansf orlnebc wethedoffclim §cyhaggin {he gpgeperate EMYIROBITIERE 8t ERRE BB aF Hyucieyide

pol ynucl egfe G MR ERABASenBodink ¥ LR ImBh a6h@i m 7, wherein the met hod
further conprises isolating at |east one pol ypepti de encoded by the

pol ynucl eoti de variants. 9. The nethod of any one of clains 1-8, wherein

t he pl unalrhd ¥et@bd Galais 10fwHeRiN@E oAt EURS HE2PUiFBRAS NG MRIds $6nsit of €ast one
degenerate priner. 10. The nethod of claim9, wherein the degenerate primner

conpri sesNAth V&4sendhECdegener ate codon at a position of a nucl eotide
difference selected fromthe group consisting of NHT, NNB, NNG NNK, NNN,

NNS, NNT, NDT, RNG _RRS, SNT, VNS, VNT, —an 11 The methad of
claim yg \'}#e‘?l%tpgﬁv‘%ﬁ&y 8‘5’9‘5% ]él\gWthéFl oAty é?gpog%/n\%ﬁle?%@i"f“%}ﬁ Grrgses

nucl eot i dex 1elisf foatiggie pbifgudtddanariensodi ng 20 different am no acids. 12. The
met hod of claim 11, wherein the codons encoding the 20 different am no
acids consist of NNT, WM and TGG

14. The method of any one of claims 1-13, wherein the plurality of polynucleotide variants comprises

at least 200 different polynucleotide variants.

15. The method of any one of claims 1-14, wherein the plurality of polynucleotide variants comprises

at least 1000 different polynucleotide variants.

16. The method of any one of claims 1-15, wherein the plurality of polynucleotide variants comprises
at least 20 different polynucleotide variants each comprising a different defined nucleotide

difference at one of 20 different selected positions.

17. The method of claim 16, wherein at least 75% of the synthesized plurality of polynucleotide

variants comprise the correct sequence.
18. The method of any one of claims 1-17, wherein the plurality of polynucleotide variants comprises

at least 46 different polynucleotide variants each comprising one of 23 different codons at one of

2 different selected positions.
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13. The method of any one of clains 1-12, wherein the plurality of

pol ynucl eoti de variants conprises at |east 20 different pol ynucl eoti de

vari ant s.wo4o10fiaeroaet hod of any one of clains 1-13, wherpeirruseévg/optsar al ity
of polynucl eotide variants conprises at |east 200 different polynucleotide
vari ants. 15. The nethod of any one of clains 1-14, wherein the plurality
of pol ynucl eotide variants conprises at |east 1000 different polynucleotide
var i antl®. ThEmethdrbofirkiih a8l vafereimat 1eamne? 58 of cheasyntbesized pluralityerf@blgniddhetigd ural ity
of polynucleogide va%;antstco rises at |east 20 different polynucleotide
vari ants SRR EORPITSING & HHF&Fent defined nucl eotide difference at one
of 20 different selected positions. 17. The nethod of claim 16, wherein at

| east 7H% Si I ' - ' .| ant ri se
the coredl BeHELTAR) DR rE RPN Bk R Bl O O B BT R BRIPT The
pl ur al i t yatdéaspslOydifterdne poljmelevtadei vantgs @onpmipsising ate df@d sliffeddt clidbfisert emgt of

pol ynucl egf j;- ri conprising one of 23 different codons at one
of 2 diffgég%§m§% %%%%%mgﬁg?tions.19. The net hod of claim 18, wherein at

| east 75% of the synthesized plurality of polynucleotide variants conprise
t he corye - : 0,0 ﬁﬂ%n Al - wherein the
pIuralf?y%%?ﬁggﬁgﬁggﬁg%@fﬁ%néggﬁgﬁggAégﬁpr ;ggﬁggﬁyg% ﬁgﬁg%mﬁg?gé$ent

pol ynuc! evriagie comprisathegowent beagowpri si ng one of 23 different codons at one
of 20 different selected positions. 21. The met hod of claim 20, wherein at

| east 75% of the synthesized plurality of polynucleotide variants conprise
t he coriethc wethekefekim 2owhergip atieastag O)éfhe elugalify of sethpangnligongcompriisss atone of
the pluralchdi¥ @fer§RliGeRiat@ibiiceANS conprises at least 5 different
degenerate anplicons.” 23. The nethod of any one of clains 1-22, wherein the
| engths of the forward and reverse primers are from about 20 to about 50

nucl eotizdese méflod Jay BRLJTQRIRS 1-20) WherdR (RS 1eRdtiRl dTbheKorddrd 0 e&elsB plifi&s h@ngt h
of the reference g#%nucleotlde sequence is at |least 1000 bp. 25. The
a

met hod of fraMypbeHé eyt fEclqotidas. wherein sequences of the plurality of
forward and reverse priner sequences are generated by: (i) identifying a
first defiped difference ip. the polynuc] eotide variant sequence as conpared
o the PellBrgHb YaHLEHE Pl Co PRI 6 e B Sl PP IgRe qorde

near est - nedqgéoefs ablRhst med i f f erence in the pol ynucl eoti de sequence;

25. The method of any one of claims 1-24, wherein sequences of the plurality of forward and reverse
primer sequences are generated by:

(1) 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;

(i1) 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;

(ii1) 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 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 difference; and
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(i1) selecting a forward prinmer having a sequence conprising the first

defi ned nucl eotide difference, and optionally including any

near est - woghtvaraaf i ned difference in the sane forwardPpTiusee09iof7spT oxi mat e
to the first defined nucleotide difference; (iii) identifying a next
defined difference in the polynucl eotide variant sequence as conpared to
the reference sequence, and determ ning the proximty of a nearest-nei ghbor
defined differende) rdpedting stpe (i) ticli©ddn cdeh dodiqetediffaencolin ihd eolymfcicotidy t hat t he
end of thgnggg nugleo“¥%%aﬁ r&@g%j as bgenrrg@ch}ﬂgiv) selecting a reverse
primer having 31§8guehte co%ﬁrf G PR TRRT TR PHRE  hucl eoti de di f f er ence,
and optionally including any nearest-nei ghbor defined difference in the
sane f ' I r QX|.k e [ I ' i fference;
and(v) 2oethopBhulBotth JBNHITAE pbob PO hpHE RSP AR eelhe

pol ynucl eatd idevavdelicanicleaduamees Supdytuhotidlstgndefsinoediided fyethefoceard pisl
present o I nmet hod of claim 25, wherein the nethod further
conprisesR?é%%@?ﬁ%%mﬁg%?ﬁgﬁégenic reverse and forward ol i gonucl eoti de
primers for polynucl eotide segnents not defined by the forward and reverse

pri mer s,-0f, b YA IS = Al of
poIynug?ééf%g%3%§$38%¥¥%%§%@ﬁg@?%ggﬁg%%%?%%ﬁggﬁgﬁ?ﬁgaﬁgﬁﬁogH%%th% one of

cl ai ms 1- petho@gf anpopoefisdasing 1-86r conprising a plurality of expression vectors
conpri sing polynucl eotide variants synthesized according to the method of
claim5. 29. A conposition conprising a plurality of transformed cells
conpr i $8n@ PEPIHRR ceBpPiideg iy b8 YRt pesiclEr AREYPEPHUEsoidse atigthod of

claim6. 30heb dd RERIMe RfthPALURER IS svari ants isol ated according to the
met hod of claim8. 31. A nethod of synthesizing a plurality of

pol ynucl eoti de variants having a stochastic m x of defined nucl eotide

di ff er encascomBbsitidn\8mbsif 4 @i DE RarRRMEHG SN HRIng BEYARES dd Afaki®t hod
conprising: (a) providing a plurality of pairs of forward and reverse
primers, whdrers aceradipe torthy methobdt cpiiifs of forward and reverse primers

conprises a m xture of mutagenic and non-nutagenic prinmers, wherein the

and oholler HeBREH TSGPFM e o e i e i BB SRS sequence capabl e
of binding to an adjacent overlapping sequence of at |east one other

oDl B0 L SRR SR ML TRt RERE, )
pl ur al i t ynafecosiéd diffatn@iqrldticons, refalkecegiolynedehids sedquanaphd mabodawpipticions havi ng
adj acent OVe(g)l ap%r@ﬁdiﬁf agf)llglgﬁ‘%lsof %Z%Psa()l? Ifoerwgrfd ag ! peg/iergeqpr;[n(l)erg, (\?vlilgrr]ein the plurality of
pairs of forward and reverse primers comprises a mixture of mutagenic and non-mutagenic
primers, wherein the mutagenic primers comprise a 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) amplifying a reference polynucleotide template with each of the plurality of pairs of
forward and reverse primers, thereby generating a plurality of sets of amplicons, wherein each
set comprises amplicons having adjacent overlapping sequences capable of binding to form
the full length of the reference polynucleotide sequence;

(c) assembling and replicating the plurality of sets of the amplicons, thereby synthesizing

a plurality of polynucleotide variants having a stochastic mix of defined nucleotide

differences.
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the full length of the reference pol ynucl eotide sequence; (c) assenbling
and replicating the plurality of sets of the anplicons, thereby

synt hesi 2awogow/ighwsal i ty of pol ynucl eoti de vari ants haviPog/us2e008t5a5ti ¢ m X
of defined nucleotide differences.32. The nmethod of claim 31, wherein the
plurality of pairs of forward and reverse priners is conbined prior to
anplifying the reference polynucl eotide tenplate, thereby generating a
conbi ned. ﬂihcumahbd of ctiim § &tvehefin taeTpllufadJanﬁ” palﬁs:hf forbverdraed heoeksoprinadraism 31,

wherein a I i t he renc nucle e |ate is carried out
separ at el ;(P W't %pn R amP{"S'hné i N Gra Cet Olynfmlf) gemc??g?’ore\r/v%?'éenm "$8verse
primers, emﬁbmdd@hpdﬂuyaﬂmtspfmﬁplmenS of anplicons is conbined prior to
assenbl i ng and replicating. 34. The nmethod of any one of clains 31-33,
wherein the m xture of mutagenic and non-nutagenic prinmers conprises a
rati o oB. i agbed o claom Abrwherdieagemifongthe fef@encgd Holyiivepotidst thoplatofis @miedone  of

clains 31:-34 d S
conpri se at aratewﬁhséagh {ﬁn @gﬂﬂ@ Okb%{rgﬁgfg‘?;rfl glg&jrre(e) ge;erpgﬁzeés g%# éjlﬁllraﬁtgto?de and
t he pl ur akdts of agipligymbk wwumbmodpmtwsqnmhngarchanm@s at least 15

pol ynucl eoti de variants each having a different pernutation of the defined

nucl eotide differences at the defined positions. 36. The nethod of any one
of cl aits TBImghod efhey erarpfrhinsl luidaivhergin gfe rdefuiard anutagetiesnd nve-neitfeeeir ences

conpri se mj:r n’lsg aslpaii(?&{ aé%&%lté hNsudenicRe 1 hef erence pol ynucl eoti de,

and the plura pol ynucl eoti de variants conprises at |east 25
pol ynucl eot i de varl ants each having a different pernutation of the defined

nucl eotjsdendinfh&l GRaESnAlf clail Hefdl REDROR! JikrRS of &ﬁneﬁu@ﬁ&t‘f&%f@eﬁe&&r eeni ng
an addressable [ibrary of polynucleotide variants encod |eet§ pol ypepti des,
wa

t he met hoePreBhpptledshyseleciayl peditand Al thyrefiasise palyrleptids. addh Byet|ibrary of

pol ynucl eﬁ&l%rﬁﬁleﬁt@de‘x@ﬁﬁlﬁs doipBs@ aPRAk 15 ﬁ(h})hu@lle&me'%gnetn&eeaﬁ%lvmgfa dﬁﬁlréﬁ'E‘Ud eotide
variants into an ex€re55|on vector; (c) transformng cells with the

expr essi operpERtig of t ﬁ‘oIC}eﬁmdeRqCﬁ@“d@H’éffqﬁf’nﬁ?ﬁsaﬁ Bredelincd @pyidonso generate a
plurality of separate clones conprising the library of polynucleotide
variants; and ?‘Vi) screeni n the cl ones for an |g‘proved propert relative to

a ref er¥én&he BEPYLAFRY ere of SRImsPH 3 4nirheiig therlurplity pf defined sleatidg diffpgences

addr essabl@ngrisbaaat mfsela@tbdfﬁmﬁioﬁpéﬂtﬁieereféaahb@m@ua@@fmeI 28 heplurhigpst 200
di fferent poI ynucl eotide variants. . The met hod of any one of clains

37-38, whelBiigleptiie VAUt osREpsEs of IFW%ﬁV’IHPC]}S@H?H%E}“&*&??IH@V%P@@WW@ conpri ses

at |east 180Qtdbd fRECinQDlY RG] R ARV e ABt%d HBsitickde net hod of any one
of clainms 37-39, wherein the addressable library of polynucleotide

37. A method of screening an addressable library of polynucleotide variants encoding polypeptides,
the method comprising:
(a) combining members of the addressable library of polynucleotide variants into a pool;
(b) cloning the pool of polynucleotide variants into an expression vector;
(c) transforming cells with the expression vector;
(d) plating the transformed cells to generate a plurality of separate clones comprising the library
of polynucleotide variants; and

(e) screening the clones for an improved property relative to a reference polypeptide.

38. The method of claim 37, wherein the addressable library of polynucleotide variants comprises at

least 200 different polynucleotide variants.

39. The method of any one of claims 37-38, wherein the addressable library of polynucleotide

variants comprises at least 1000 different polynucleotide variants.
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variants conprises at |east 200 different polynucl eotide variants each
conprising a different defined nucleotide difference at one of at |east 10
di f f er entweebsx¢tse®3posi ti ons. 41. The net hod of any onePofi/usk@9ms7587- 40,
wherein the addressable |ibrary of polynucleotide variants conprises at

| east 400 different polynucleotide variants each conprising a different
defined nucleotide difference at one of at |least 20 different selected
posi t i otis Theh@ethdde an‘pbﬂmﬂ clafmsa37y3 %Wherdh thel adilnesal3d Hkdry aﬁlpdymjcnoﬁdee

addressabl e. lj brar
varia,

e var i ri ses .at
i 11 or en b B GstH 4B AP IS L BRI MRS GRPTRL A FERM ned
nucl eot i ddefohicd heleeridedifftremret @fe ofibt lbasak) difGediséléeddgrtitiodl ect ed positions.
43. The nethod of any one of clainms 37-42, wherein the addressable |ibrary
of pol ynucl eotide variants conprises at |east 46 different pol ynucl eotide
var i antd. gaeinctbahpiang birrgfohensol/-@3whiértih dreaddreselto higraatof pelgnugfcoldedi f f er ent

sel ected 4 rein the
addr osaaby oy Pl ol OO TR AR b ORGSR ottt fmehFVS,
d|fferentdﬁb&@mmﬁh@éi&ﬂefmami@wmémdamhﬂbbﬁpmnsﬂﬂgthsnmﬁ.23 di f ferent
codons at one of 20 different selected positions. 45. The nmethod of any one
of clains 37-44, wherein at |east 75% of the addressable |library of

pol ynuc2edh¢ eethechefiaanore o elapns et 1t whergip theaddressal]elBbrewy, of polynucleotide

variants comprises at least 800 different polynucleotide variants each comprising a different

defined nucleotide difference at one of at least 40 different selected positions.

43. The method of any one of claims 37-42, wherein the addressable library of polynucleotide
variants comprises at least 46 different polynucleotide variants each comprising one of 23

different codons at one of 2 different selected positions.

44. The method of any one of claims 37-43, wherein the addressable library of polynucleotide
variants comprises at least 460 different polynucleotide variants each comprising one of 23

different codons at one of 20 different selected positions.

45. The method of any one of claims 37-44, wherein at least 75% of the addressable library of

polynucleotide variants comprise the correct sequence.
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