WD 2009/ 103027PCT/ US2009/ 034153 METHODS FOR I N VI TRO JO NI NG AND
COMBI NATORI AL ASSEMBLY OF NUCLEI C ACI D MOLECULES Cross-Reference to
Rel at ed A dedidsens [ 0001] This application clains pefgkighyelinds. S
application Serial No. 61/029,312 filed 15 February 2008; U.S.

61/ 064, 107 filed 15 February 2008; U.S. 61/052,614 filed 12 May 2008;
U S 61/098,202 filed 18 Septenber 2008; and U.S. 61/142,101 filed 31
Decenber 2008. METMQEOFRHFVfﬂ@@dC&MNﬂo&NDdﬁ@wI@ATQBI%rat ed
herein by reference |3§§§ﬁi$§@#ﬁ h&ElE&Efﬁ%LEbﬂLq: [ 0002] The
I nventi on concerns methods I'n Vi singl e- stranded
and/ or doubl e-stranded nucleic acid nol ecul es permtting efficient
one-step assembly of nultiple nucleic acid nolecules with overlapping
t erm nal sequences. | nvent i on net hods are particularly useful in
ef f ect | hipssyefesence (e RelatedApalientias assenbly of fragments of nucleic
aci d sequence vaiiants to nDdlfyéfropertles of the joined nucleic

aci d sequbl8t] Thirapelicatipn elaimg kenei fél:isdlpﬁ’é@ﬁém%@alM@lfa?%éi%@?ﬁi ant's
of codo t h mes,
oxtr e ol R B o R A B o B8 T C03) A
EWO- ST o2 Mo riDRyEE 6 IR fiiet oSk rasbengets, wul s il | piofisd ons of

t he

31 December 2008. The contents of these applications are incorporated herein by reference in

their entirety.

Technical Field

[0002] The invention concerns methods for ir vitro joining of single-stranded and/or
double-stranded nucleic acid molecules permitting efficient one-step assembly of multiple
nucleic acid molecules with overlapping terminal sequences. Invention methods are particularly
useful in effecting systematic combinatorial assembly of fragments of nucleic acid sequence
variants to modify properties of the joined nucleic acid sequence, for example, nucleic acid
sequences providing variants of codon usage, control sequences, genes, pathways,

chromosomes, extra-chromosomal nucleic acids, and genomes.

Backeground Art

{0003] A two-step thermocycler-based method was used to assemble portions of the
M. geniralivim genome, as described in Gibson, D. G, er al., “Complete chemical synthesis,
assembly, and cloning of a Mycoplasma genitalium genome.” Science (2008) 319:1215-1220.
Another approach is described by Li, M. Z., et al., Nature Meth. (2007) 4:251-256. A single-
step method of assembly employing T7 5" exonuclease and single-stranded DNA binding
protein is disclosed in PCT publication W02006/021944. The present invention discloses one-
step procedures which facilitate assembly of DNA molecules in vitro. These methods employ
either a non-thermostable 5’ exonuclease that lacks 3’ exonuclease activity or a 3’ exonuclease
that is functional in the presence of dNTPs.

[0004] These new methods are particularly useful in an additional aspect of the invention
which provides systematic combinatorial assembly to modify nucleic acid molecules,

Combinatorial techniques for assembly of chemical compounds for use in high throughput
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WD 2009/ 103027 Di scl osure of the Invention PCT/US2009/ 034153

[0009] In a first aspect, the invention provides an in vitro nethod
of j oi ni ngy@,®6 5939{7 two or nore doubl e-stranded (ds) Obcruszo09/034153

si ngl e- strande(f (ss) DNA nol ecul es. The adj acent DNA nol ecul es to be
j oi ned ¢ol@uR: IV InagRiong sequences at their termni. The two or
nore DNA nol ecul es are contacted in vitro in a single vessel with (a)

an i sol at eghpopnn tam@gtrm&:t:ameqnﬁennb@pl%wd%mmdnefaﬁ;@thb@af joliREKSseB of two or
exonucl ease activity, (b) a crovvdlcril% ent (c¢) an isolat ed

t her mos ¢ doubdnstamnded(@sknr spiekcsting bOV4 molesules wihadircegt el ease
activit Yol fed ta}egb L8 c@ﬁtmﬁ%kﬂi oRO %H&';- %ﬁ&cl\!*’téu‘i{nﬁ‘ @ﬁ@@a\%% DNA
pol yner ase t hat cks exonucl §e ctivity, (d) an isolated

t her nos maibetcelels n@ecgetacteé)n wrprinkd singe oésselNTiRbs(2) amidolgteyl nan-heimedidbée

lr)rg]; ];er eéxon cr:]gzlist Itl"?”%lig:l%ﬁh?t gl{u %asagg gbc}fag:; I m 9 CE%}%ntlé"ﬁ’até%f
one- st eﬂqeﬁxﬁ&:ﬁibl@ﬂon strand-displacing DNA polymerase with 3’ exonuc}ease activity, or a mixture

of said DNA polymerase with a second DNA polymerase that lacks 3’ exonuclease activity,
(d) an isolated thermostable ligase, (e) a mixture of dNTPs, and (f) a suitable buffer, under
conditions that are effective for joining the two or more DNA molecules to form a first
assembled dsDNA molecule in a one-step reaction.

[0010] In some embodiments, the exonuclease of (a) is a T5 exonuclease and the contacting
is under isothermal conditions, and/or the crowding agent of (b) is PEG, and/or the non-strand-
displacing DNA polymerase of (c) is Phusion™ DNA polymerase or VENT® DNA polymerase,
and/or the ligase of (d) is Taq ligase.

[0011] In some embodiments, the conditions are also suitable for digesting any unpaired,
non-homologous, single-stranded DNAs following the joining reaction. At least some of the
DNA molecules to be joined comprise, at one terminus, a sequence that is non-homologous to
any of the DNA molecules of interest. Optionally, the non-homologous sequences comprise
one or more binding regions for PCR primers, and/or regions of homology to vector sequences,
and/or recognition sites for one or more restriction enzymes that are not present within the DNA
molecules of interest, e.g., rare-cutting restriction enzymes.

[0012] The method may be employed to join a second set of two or more DNA molecules to
one another to obtain a second assembled DNA molecule in addition to a first assembled
molecule, and the first and the second assembled DNA molecules joined to obtain a third
assembled ds DNA molecule. This process may be sequentially repeated as required to obtain
the whole nucleic acid sequence of interest.

[0013] The invention also provides kits for performing the above methods that comprise:

(a) an isolated non-thermostable 5' to 3' exonuclease that lacks 3’ exonuclease activity,

(b) a crowding agent, (¢) an isolated thermostable non-strand-displacing DNA polymerase with
3’ exonuclease activity, or a mixture of said DNA polymerase with a second DNA polymerase
that lacks 3’ exonuclease activity, and (d) an isolated thermostable ligase, in appropriate
amounts. For example, the kit rhay contain T3 exonuclease, PEG, Phusion™ DNA polymerase,

and Taq ligase.
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invention is directed to an alternative iii vitro nmethod of joining a
set of faeerdiNgicdecylsabion e paablgdeels) or singl e-stranded (ss) DNA

nol ecul es r i Lol i epe
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more DNA molecules are assembled in a concerted reaction. In one embodiment of this aspect,
the kit comprises: (a) Exonuclease 111, (b) PEG, (¢) AMPLITAQ GOLD® DNA polymerase,
and (d) Taq ligase.

[0018] Any combination of materials useful in the disclosed methods of the first and second
aspects can be packaged together as a kit for performing any of the disclosed methods. For
example, a kit can comprise a mixture containing all of the reagents necessary for assembling
ssDNA molecules (e.g., oligonucleotides) or dsDNA molecules.

[0019] In a third aspect, the invention provides a method of modifying the properties of a
whole nucleic acid molecule. The method comprises: (a) representationally dividing the

nucleic acid sequence of said whole nucleic acid molecule into a multiplicity of portions along
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[ 0015] In one enbodi nent of this aspect, the exonuclease of (a) is
Exonucl ease 111, and/or the polynmerase of (c) is heat-activated by

the renovgg gfu),@(gohnactl vating noiety combined wth thecpeki®iAsa 1N
a heat-sensitive manner; and/or the crowdi ng agent of (b) is PEG
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dNTPs, and (f) a suitable buffer, in amunts such that when said two

or nor e “ORI& WEEEAGIdgEol87We-added to the kit, in the presence of a
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the reage[Uo21neRRISRMb]Y MEHE FRMBL) PYeRFIONA dtRlpeices BSste®. oF: (a) contacting
ol i gonucl eotl des) or dsDNA npl ecul es. [10019] In a third aspect, the

i nvent i &Hd ﬁ?IWFWé@%Wlﬁ%%WGH“H‘# nRalF it MPIGCHIES Bhishart 1€ gaind it gt

nucl ei c pagtd;ivesl é&)ﬁhcﬁeasg— rh‘ﬁd RRhhe ﬁﬂg!f[%tﬁ a"'n@[@d D(\@Q blﬁ(%g% BRI ?SSB?WiéW
d|V|d|ng the nucleic acid sequence of said whole nucleic acid

nol ecul accelsrasesanumgictacist mmiylboz‘rndwm fcbmsombtomg-disppeing DNA polymerase; and

2009/ 10%%35%%&?@ 8430 dachs' cé\%'wié?n ghg%ﬁms Argi%hm ¥hdide b

sequences nuclerc rm or at ?east 3
of said nm&rctl]eathanme Inef mnmb berubesspltdn mathblplof ¢ ntuj/tlprbﬂmtyaf vaamnts obfheeach
| eic. acid cuI e; (c) conmbinatorially assenbling in

parti al ?1”1(:
vitro si 86\P3P]|e’§rilf’éir5‘? S(HJ ‘Wi th any partial nucleic acid nol ecul es

whi ch ar e[0002] VI Rpect, W eficdnibddifer? aobipaikestiivGliinl cheaticidmieeyhase of the
variants_thereof contain_overl apping sequences at their termni

wher eby “A8sanpiFl 51 meleculiaintq AlleaRiPaTiansauieh s g intagsouhaba e

ther eof \{jfo Ih@‘?n mn%trhgtﬁ'odé%ﬂ}fé iRAHbL. I'n'?;tlﬁt? SaPtliMeRt, (e patidiinRbieRisty of
variants o he whol e nucleic acid mol ecul'e; and (d) expressing the

vari ant @O&ﬁfcukﬁhémm@ﬂ%mﬁ@ﬂﬂeé?@l%té fatmeof thewpdon for oleet @A A BMEIP\ACHS dndorded
proper t |25 Qfrfifhohid@hdid Mobechies S Rl EmitRYS aldWaliGS oAt Fa iR RER]Sreid

molecule provide a multiplicity of nucleic acid control sequences affecting transcription or
translation of the whole nucleic acid molecule. As another alternative, the variants of the partial
nucleic acid molecule provide a multiplicity of regions encoding domains or motifs of peptides
or proteins encoded by the whole nucleic acid molecule. As yet another alternative, the peptides
or proteins encoded by said partial nucleic acid molecules function together in a metabolic
pathway.

f0023] The various recombination approaches set forth above can be used to construct any

desired assembly, such as plasmids, vectors, genes, metabolic pathways, minimal genomes,
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[ 0020] The assenbling of step (c) may be perfornmed by either of the

f oregoi ng net hods, although alternative joining nethods may al so be
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nmet hods, such as those described in PCT application PCT/US2008/ 079109
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steps is determ ned by the practicality of the nmethod with regard to
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productggﬁep%V€ }% C products, enhanced functionality of the
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r obot i cpaymermt.ed. [ 0025] The invention also further includes

Phe 1 osul NEAE A0l PRR sCiEntt et “eRes 57 mpeRb e SRR Bvect

opti m zed lgenes. g wira Pares360e0ptbvie N ey plitfeseaithe g Otied sut il g @adfsence (-+) or
[ 0026] The reconhi hant net hods of the invention have a wi de variety

of appl AsgRsednot ST AP 130Phgsing dhe schapthovnip&l@edt-gn of pat hways for

the synthesis of useful products, including pharmaceuticals,




[0027] FIG 1A is a schematic of a two-step theinocycled in vitro
assenbly using T4 pol yner ase. [0028] FIG 1B shows the results of
assenbly qfp Sotihei ¢ acid fragments, each between 5. 3plkb@ffy/BsipsskD,
with 240 to 360 bp overl appi ng sequences, carried out in the presence
(+) or ab$E?20p HIG) 10thdd tRELSs @000 assgmbipfidhrickit odfrsinant, éd4th BIKG, wikiA\.
WD 2009/,103027PCT/ US2009/ 034153 [ 002 FIG |1 C shows the resul of
assenbl Y 8P oxetpRINg;sedugpsed ip thegireihes ofdhChs W0k psingaihe pesfipdispown in FIG.
over | appiang sequences, in the presence of PEG 8000, using the met hod
shown in FIG 1A [0030] FIG 1D shows the results of assenbly of a
Mycopl asmiP038hiklGl 1) shasypeth sisplispd pesembly3Ae Miypplasme gertiigh o mac-dala genme
genone

Po0a1] Ryt ol Ao 0 bty B 1D B YRLE RN Gy BFOUERG
synt het sequbfeopl asma geni t al i t en2genone from four one- quarter genone

[0032] 1 O33R FhG T halihs £ ambl sy "R SR P SR v

success gafiradiueRabhedoRTeRMIEYuLeaGehde fralshING, i- s50denaith ket 500 SSTHA
in the presence of formam de (+F), and ssDNA remains intact with a

hi gher RYTBERIPEFAREPGRt i f repair has occurred. [0033] FIG 2B
shows thepgoasplrig. oL id J‘s%hé’Fﬁ&t[&Qﬂ o sta':le%u?eﬁ t4 §1%@yzteclh@§1@~j:éé§ 6t zpfeﬁﬂkb‘at S
assenbl ed using the net shown in 1A. [0034] FIG 3 shows the

resul t sasPmplylrEdotign ciSDNPeIS appatued tatsPOD pRENrewhes @fﬁanmfé@ldaélfén@ﬁy
B{ ggﬂg: gsljal\?% ”én@ﬁps 1PB'éowcl'i RATROE Sole SRR gh 1180 s YcLifRA! Fed assendly

[0033] FIG 2B shows the results of the method of FIG. 2A used to analyze products
assembled using the method shown in FIG. 1A.

[0034] FIG. 3 shows the results of rolling circle amplification (RCA) of repaired assembly
products joining 4 DNA fragments, showing that only repaired assembly products are amplified.

[0035] FIG. 4A is a schematic of a one-step thermocycled in vitro assembly using
exonuclease IT1.

[0036] FIG. 4B shows the results of 2 assemblies of 4 different nucleic acid fragments, each
~ 5 kb with either 300 bp or 40 bp overlapping sequences, using the method shown in FIG. 4A.

[0037] FIG. 4C shows the results of analyzing the repair of the assembly products, as shown
in FIG. 2A.

[0038] FIG. 5A is a schematic of a one-step isothermal in vitro assembly using T5
exonuclease.

[0039] FIG. 5B shows the results of assembly of 2 nucleic acid fragments, 4,024 bp and
2,901 bp, with ~ 450 bp overlapping sequences, using the method shown in FIG. 5A, and
incorporating a Notl restriction enzyme sequence,

[0040] FIG. 5C shows the results of Not I digestion of the product shown in FIG. 5B.

[0041] FIG. 5D shows the results of assembly of 3 nucleic acid fragments, each ~ 5 kb,
together with a vector sequence of ~ 8 kb, with 40 bp overlapping sequences, using the method
shown in FIG. 5A.

[0042] FIG. 5E shows representative results of DNA purified from E. cofi transformed with
the assembly product shown in FIG. 5D, and digested with Not I to release the assembled

fragments from the vector.



[0035] FIG 4A is a schematic of a one-step thernocycled in vitro
assenbly using exonucl ease [0036] FIG 4B shows the results of 2

assenbl i esw(ggwg,lgby erent nucleic acid fragnments. eachprrRiskiomdiy
ei ther 300 bp or 40 bp overl appi ng sequences, using the nethod shown

in FIG 449043] [lAG3GA-d0 ShovALe ﬁe@ﬂ%fﬁih@ctkﬁﬁ@ﬁﬁ@n@éftﬁélﬁllebhl}d@QmWﬂQn FIG.
repair of the assenbl§€roducts as shown_in 2A. [0038] FIG
5A i s alécHémebinerse) 16 cranicieas e rpdllG- ﬁMTtSreesma%éw y using T5

exonucl cagfda) ﬁléoéﬁlshﬂ/ﬁhe ARuB Sshibgy 5@& Hhéiéc Qct,ld %gﬁ@;’ﬁh yj 9b B 6.2 kb,

nucleic acid fragnents, 4,024 bp and 2,9
overl ap pxrlﬂngﬁoslr@cpyeﬁmmg aﬁgmermgesn fegethet widua mmf r~r8 Mbl @th @bbp fawdlappmg

|ncorpor egc%s % {GO?OEJ Eg%glgtn?m g?‘ stscqgéhe%%ge [0040] FIG 5C

shows the Festlt roduct shown in FIG B5B.
[ 0041] FI @045D fﬁﬁo&’s\B shidves repswntaslvofesﬁim N Ay p@]ﬁfléﬁ finures [P b @i @amistbrmed with

fragments, ge r wth a vecto uence - 8 ,
il th 40 TSGRy B TID OB e et Aer v RRNRES S e asserel®ds o
[0042] HEla@nedEHShHOns véeq esent ative results of DNA purified fromeE.
coli transfornmed with the asserrbly product shown in FIG 5D, and

di gest ed WMAI NGE- §¢ shove thatesulishs Aag gt 2Pre i eromeseiDigeplasma
vector. ..¥200 tg&ﬂaqal?fgéck@%@(l%/@g&ﬁ@%bp &0 %& eﬁuerﬁés 60ns hRWaliB&

results o ~direct conparisons of ods sh FIG 1A (T4
pol yner asseinblyrh@hodsMefaibothoiivease 111) and FI G 5A (T5 exonucl ease) .

[0047] FIG. 6D shows representative results of DNA purified from E. coli transformed with
the assembly products shown in FIG. 6C, and digested with Notl to release the assembled
fragments from the vector.

[0048] FIG. 7A is a schematic illustrating the use of codon optimization to create a
combinatorial library of assembled fragments.

[0049] FIG. 7B is a schematic illustrating the use of a multiplicity of motif and domain
variants to create a combinatorial library of a gene.

[0050] FIG. 7C is a schematic illustrating the use of variant genes to create a combinatorial
library of a metabolic pathway.

[0051] FIG. 8A is a schematic of an acetate utilization pathway.

[0052] FIG. 8B is a schematic illustrating the use of variant genes from 5 organisms
together with 4 control sequences to create a combinatorial library of the acetate utilization
pathway shown in FIG. 8A.

[0053] FIG. 8C is a schematic illustrating the assembly strategy for the nucleic acid
fragments shown in FIG. 8B.

[0054] FIG. 8D shows the results of the assembly of an exemplary acetate utilization
pathway as shown in FIG. 8C, showing assembly product released from the vector by restriction
enzyme digest.

[0055] FIG. 9A-9F show the sequential assembly of a complete mouse mitochondrial
genome using the method shown in FIG. 5A (T5 exonuciease).

[0056] FIG. 9A shows the results of assembly of five 300 bp fragments, in 15 reactions

covering the entire mouse mitochondrial genome.



[0044] FIG 6A shows the results of assenbly of 4 nucleic acid
fragnents. 5.9 kb to 6.2 kb, wth 80 bp overl appi ng sequences,

toget her W Byodipsestor of - 8 kb with 80 bp overl appi ngc$gauRNEASs3
usi ng the various assenbly nethods descri bed above. [0045] FIG 6B
shows r ep@EINtEGI IR si@sthé fes@lfs I pRAE-tioh @dthkemidn peakdts $Hodmnsh BIGed
with the assenbly products shown in FIG 6A, and digested wth Notl
to rel edée the assenbl ed fragnments fromthe vector. [0046] FIG 6C
shows the 6(%8]“#1@; o smq@}dulgfof%ss@&%rm%wr1SG%P%%@C@M MecoRligs mo
genitolit , together with a vector of - bp overl appi ng
sequencelsowmlsm Hg. $Adnarictions eoyerigihy eptve odse mdediendyad seivove .

col 't r ant1SPeaCoD shFRLAE AN IrseliBatichar B oo Fblie e i Eic.

di geste@COwith Notl to rel ease the assenbl ed fragrrents fromthe

opt i mi 7at M0 16y G5ine s bRy B el s tly B BB ShoriR"

f r agmentggnome fréR4te F568 b dﬂﬁ’zou&t@ofaﬁmaatdn%hb\krh USIFIGRD TG al RetokSdhs@ficta
mul tipl i Ci t(%lof notif and domain variants to create a conbinatori al

library of00§ThdHE. 9F shomssio) remlisof the final agseseie pthe ovhple euse arierlPndra
use of %@r{dn?égﬁ o&i%?%an%@I@aéPeafél GO NG R YRlor sé&%@ﬁé&ﬁn@ﬂecﬁc{ﬂ%?ﬁ%' c
pat hway 0051] FIG 8A is a schematic of an acetate utilization
pat hvay. [0052] FIG 8B is a schematic illustrating the use of
vari ant Mg TR EOB tha HIVeRion oget her with 4 control sequences to
Create a conbl natorial library of the acetate utilization pathway
shown in Fl Gneff\ions [0053] FIG 8C is a schematic illustrating the
assenbly strategy for the nucleic acid fragnents shown in FIG 8B.
[ 0054] FI 88063D Ashwedherpia, the sinbler fofms Tre” Ges em [ {hedinche glienptiaiepts
acetate in FIG 8C, show ng assenbly
pr oduct Hlte% etgégéd{t%%@%{hﬂx@%teegt%g]r%ngéprest riction enzyne di gest

[0063] The term ‘‘about,” as used herein, refers to plus or minus 20%. Thus, “about” 30

minutes includes 24-30 minutes. “About” also refers to plus or minus 20% when referring to
lengths of nucleic acids, temperatures, etc. The end points of ranges, as used herein, are
included in the range., When plus or minus 20% results in a non-integral value of indivisible
units, such as nucleotides, a skilled worker will recognize that one should round the value to the
nearest integer. For example, about 8 nucleotides is not 6.4 to 9.6 nucleotides, but should be
interpreted as 6 to 10 nucleotides.

[0064] The term “activity temperature” refers to the temperature above which the DNA
polymerase is sufficiently more active than the exonuclease (i.e., exonuclease III) such that
there is a net reduction in the length of the single-strand overhangs created initially by
the exonuclease (I.e., exonuclease III).

[0065] In those methods of the invention that are carried out “in vitre”, all of the protein
components are isolated and/or substantially purified. The in vitro assembly reactions are not
caried out in a living cell or with a crude cell extract; the reactions are carried out in a cell-free
environment.

[0066] The “joining” of DNA molecules by a method of the invention is sometimes referred
to herein as “recombination” or “assembly” of the DNA molecules.

[0067] According to the present invention, optimization at the genetic level is achieved in a

systematic manner by design of discrete components. This is true at all levels of combination as
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[ 0055] FI G 9A-9F show the sequential assenbly of a conplete nouse
m t ochondri al genone using the nethod shown in FIG 5A (T5

exonucl easgy 20001389561 FI G 9A shows the results of assegkyodbsiidsve
300 bp fragnments, in 15 reactions covering the entire nouse

M t ocho@eyctibéd 4RO MEhe inV¥Atid0 ARAHIAS ErerdBE T &ISARAMAdBHddre of pROT] FI G
9B shows t he results of anplification of the reaction products shown
in FI G 2BRoaches.0058] FIG 9C shows the results of assenbly of five
1,180 bp products of the reactlon shown in FIG 9A in 3 reactions
coveri ng t heXEgigdp gL SFEHBAdri al genone. [0059] FIG 9D
shows thefdo%%g 1h $ri&f wﬂQiP!h\stI\‘PﬁErL‘Pé&uQE t&&?ofn?&‘ﬁ 'd%ﬂbIQrsf?%E&%hé %Yéﬁheh”
FIG 9C. [0060] FI'G' 9E shows e resul 0 tlh final assenbly of

t he wholethedwsmprisas darhibaithg the Dglénmquﬂe&)\mth i) eweBNEEOsk he. pr a;dm:t s of
tsﬂgv\;e?c;}olcgsgs;svﬁele %nugl:eg%eﬁlx%lf%a e\gg se Cet e%%is ﬁtﬂg t ruL{:fl:é Sthflggg"-gﬁk Qch%es
m t ochond&dipate Sj@i@mnﬂéd)dmlﬁanghM1lsihgl'_thﬁegﬂiﬁs af dverlap;gpyvabwaing tapent,

vect or d.recircu] arization
Suc(ﬂl %%% w[puch among otf‘nel functions, acceielates nucleic acid annealing, so that the

single-stranded overhangs are annealed (hybridized) specifically; (c) a non-strand-displacing
DNA polymerase, which filis in remaining single-stranded gaps in the annealed molecules, by
extending the 3' ends of the annealed regions; and (d) a thermostable ligase, which seals
(ligates) the nicks thus formed. For single-stranded molecules, the exonuclease of (a) may be,
but need not be, omitted.

[0069] When the DNA molecules to be joined are single-stranded, the single-stranded DNA
molecules (e.g., oligonucleotides of about 40-60 bases, also referred to herein as nucleotides or
nt) anneal via the sequences of identity at their ends (e.g., about 20 bases), to form gapped
molecules. The exonuclease activity may act on these gapped molecules to increase the size of
the gap. The gapped molecules are then repaired with the polymerase and the ligase, as above,
to form double stranded molecules.

[0070] The novel one-step methods of the invention can be used to simultaneously join a
large number of DNA molecules, To accomplish this, the DNA molecules to be joined are
designed so that, for each pair of DNA molecules to be joined contain overlapping sequences at
their termini — 7.e., the distal region of one DNA molecule comprises a region of unique
sequence homology (e.g., identity) with the proximal region of the other DNA molecule. Distal
and proximal refer to an arbitrary reference point at one end of a chain of molecules, e.g., with

respect to the referent X,

XA B A B A B

A represents a proximal and B represents a distal region. To facilitate the joining of the DNA
molecules in a predetermined orientation and order, each set of distal and proximal regions of
sequence identity is selected (designed) to be unique (to be different from the regions of
sequence identity of the other pairs of DNA molecules). The method allows a number of DNA

molecules to be joined in a single reaction mixture, and in a single vessel. It will be evident that
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Modes of Carrying Qut the Invention Definitions [ 0062] As used
herein, the singular forns a," "an," and "the" include plural

referents“thﬁggngﬁe cont ext clearly di ct ates ot her wi s@crusingéIPilssThe
term "about," as used herein, refers to plus or m nus 20% Thus,

"about " t]%QeﬁbﬁUﬂf&@n‘loh@bflaﬁeﬁl dfredDcliinftiices, .compleaishtaral Be teef £118gibn of
plus or mnus 20% when referring to Ien t hs of nucl ei ¢ aci ds,
t enper aftAvERce gAY PRECTRIAgSSS SPhtidengral 2af Geuplementiy SadFEFSi n, are

i ncluded {741 en hRARES th@ mveﬁmﬁl @k dfskd 5@1&100160&1@%9& f)ﬁl bMHsBNA molecules to
non-integral value of indivisible units, such as nucleotides, a

ski | | edbousrinasshoies # ragiancy sequenceliwmotasy (sao@ﬂqe!ewu@ﬁmﬂtmevlthahmoxmﬂ he
near est Og%ne&%ﬂe otf rdsﬁ%l"%ebl%cul@b%teg% RUGLPAL hge?gqeie%] ]I%?E;IS & f}e §Qndofa

nucl eot i but s I nt er pr et as 6 to nuc eotl
[ 0064] Tihe DNk moleaxltiof i pyir toebvgemadl (thceS‘ mest &EA tmoletthie), hmmhe lttammpeaxunal”

bove which t | tly tiye than th
eomuc! &168 ¢ P63 gl elEraaaavd o aliaR it TR fE of hmpioR k"

reduct i @dmétiindshefehren@therdn ad eeisdpeylevslapping s@pendasngs: 1egle@st<ﬁd>ve11ap
initially by the exonucl ease exonucl ease |11).

.e.
those mét B Rffseqyace h%?if’g)bﬁ(ﬁdetnﬁ%@ . &P wsed diereina gefey £ both “H“FIF 8} the &P‘Fble‘

of the prHlgd DN%OﬁBEGﬁQt i@ Snel SAhAEEH (RiQ ¥ @n c%H l?n%ﬁd]ﬁé ﬁJeJ:McQH'rtb fidk ed
The in vitro assembly reactions are not carried ina living cel

or Wit hcemplemartayesirpndg xigr, aden thﬂf?@mp@@ta@h@gmné m@aan gsertdn gingleis a@ded
cel | -1 rﬁfaﬁz&éh FSRNEObiscal ar{dopqg)ﬁlntal-r ng gné&*tﬂéﬂ% 81 89&8 es by a

met hod 0 I'nvention Is ‘'sone referre ereln as
"reconbi nEIOUbh In ome éraizsiendityihe DNA ineleDNis whlbbemljesed {16@ﬁi}}et1é\d€30gadem@d
to the sen |nv§nt on, m.zation_.at.the geneti

achi eved 'h™3 658}8% ﬁtalf‘?ych%(ﬁ?fg?t tBﬁ“?ﬂ@’s‘)ﬂEh bt EGTSE 531081 gﬁ’bt%lﬁ%thtl: g
Thi s i sekdmie,atfirgtlskt dfQyeltsigaf cE-aRbiiAgEs@ihdas oligonucleotides (oligos) having

20 base regions of sequence identity at either end may be joined in the proper order and
orientation to form a dsDNA of 300 bp. A second set of a similar number of adjoining DNA
molecules of about the same size may also be joined; and then, in a second stage assembly, the
two sets of joined molecules are joined to one another. The process is repeated with further sets
of DNA molecules, in as many cycles as desired. In such a manner, the component elements of
a gene or genome, all or nearly all of which have been generated synthetically, can be joined in
sequential steps to form a complete gene or genome.

[0073] Advantages of the method of the invention include the ability to perform the joining
reactions under well-defined conditions, using well-characterized, isolated (e.g., substantially
purified) enzymes. This allows the joining reactions to be controlled and reproducible. Ina
method of the invention, the joining process is not subject to competing reactions brought about
by other enzymes in the reaction mixture, such as exonucleases and endonucleases which can be
present in cells or cell extracts. The joining methods of the invention are accurate, inexpensive,
require very little sample handling, and can be completed rapidly (e.g., between about
15 minutes and an hour, such as between about 15 and about 30 minutes) in single vessel. If
desired, the steps of the method can be carried out robotically, without the intervention of an
investigator.

[0074] Other advantages of a method of the invention include the following: the ability to

join DNA molecules in a defined order and orientation allows, for example, for the cloning of
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WO 2009/ 103027PCT/ US2009/ 034153 descri bed above. The invention
met hods thereby avoid the random nature of prior art approaches.

Met hods ofwdbimbeRbide Assenbly [0068] In brief, whegriRedh¥diss
nol ecul es to be joined are doubl e-stranded, the preferred nethod

conpri sese bnaoiedtigmgnts e inbhidst bmd edmd:afﬁe&wéckm (i12) defmeexaantali@asefof eg. ,

a nonproce e exonucl chews- back” the s of the

doubl e- é‘fSFE‘HYe‘H PRRRFHf @&Sﬁ‘i é‘%“‘"’ts é%?i%bseﬁlP%Fef@feﬁ%?ﬁg“@g‘ E‘? PisFrgRly of

conpri sicB@pddeat @@'o@ﬂ§y1ﬁﬁeti@\6§ﬁé Skenbid); or oF eQbRMmbASSALconttiCdT as PEG

whi ch, anDng ot functions, accelerafes nucleic acid annealln%h SO
e

t hat thé“bsflh@ﬂ@ﬁ%?fraalﬁﬁéd”@%ﬁlﬁWﬁlgﬁﬁ@cbﬁ%@%ﬂ%ﬁp@ﬁy‘ﬁwilﬂﬁ@ﬂﬁfe}? _
speci Ti ealdow au&&ré san%g&/gmo&i ﬁRAqﬁsﬁlgaﬂ%\ rpalgm 138 avig@ tggﬂ; b

in remaining S|ng ran aps 1 n the annea
ext endi pgestire oBies@ndsn 0fzytnheecagm3am gitbs mede ends; of almoﬂz(gd)ena t© he jomsit dbt e

i gase, at es
| or e af TR BB abb ek o8 Ba MR DMAL R P hiVRitg Srdneryse rosalgigran
not Ibe tOI s.tn'foe:ﬂiod nmbﬁ aﬁ@@lGin]vomﬁeﬁ dﬁf’glelalu}dpdm| !lﬁmuh(&‘ﬁod Rqliing ehiesnatien
S|ng e-strande t.he, si e-stranded, DNA nol ec e.qg., . .
ol i gonu&M@aiq gakcagpn Hbbe%C‘eA‘B”Bd? feues, DNAS geabled Ebéénte%oﬁ@f Hiefmggtion
nucl eot kae@ePbe MthpliRANLHrrotk 3., b?%&ﬁﬂé‘@@ﬁl@&nﬁéﬁ]t érﬂﬁlmch&&n @IIDAF' &Lén Ands
(e.g., about 20 bases), to for m gapped nol ecul es.  The exonucl ease

acti vi t yolhwgcigdy ampilﬁcn@@é(%?a@p@db Rt agar withoyt hayiag sepastnge dieAaN f
the gapur %%m%ﬁgmmﬂ @&H&?% ﬁmy&ﬁ% LSRR Js?egnbgédtlﬁ tﬁegﬂfs%ﬂée\/&f‘%feaéﬁ 50

and as above, fe stran

[ 0070] Hmemnokmhism@emteglhEthUﬂsH@dntmeSMHWEmmmaanaﬁnb@ﬁ@s@daunmbw
si mul t aneous 10|n a |l arge nunber of DNA nol ecul es. To acconplish
this, the® ol ecul es to be joined are designed so that, for each

pair of DA78pITaetd Mahsds chebg aipsaed @ﬂérﬁiaﬁy,@&&ﬂ’sblﬁblﬁlmgm@a@ﬂlltﬁ‘gkﬁes at
their termn ri ses

di s regi on of one DNA nol ecul e co
a regi oﬁl"(lﬁ“{?ﬁl E‘ﬂe?x%‘éa]&e%%thﬂ%ﬂ%‘l%wetﬁéo%a“ CPIBBHWFW“W f Frethrd 2 mgﬂbo"e
proxi Make R RBorRf set Sawdlod alor DAL REMEEf lﬁel%&ﬁb oRSholl e XnaRlenr ef er
to an arbltrar%%@eference poi nt at one end a chain of nolecul es,

e.g., warmtngdpremethpdagaetaendpefirst spd SXCWBAGQANB molequigsros FBeEY, dd s0
proxi WBﬁaAﬂﬁ%lﬁec lGEE S sefm gfe%!mr{d@%f 20 mil t%@ﬁéskhm%%w&@ad& ni ng

of the es In a re termned orientation and order, each
set of dinghfadd tandmpﬁoomngaﬂ mtoegau@tm@e oficreegaesnueoriidantbe aypliBedsisvaot €.,

(des ansil el gl e Ch PR eant Lom the el ons of seauence

nunber of [(DIYY rni)blefcasbaﬁ of the lxevehbi) @itk DINAandediffs®f meaedt h@singleckttinged

ggggllgog Sy etgég 97"6 gﬁ%%lgo bgges ?1}1/ eggtr}]lt antdqge 1'egi\é\9 of sequence identity
consists of no more than 20 bases. In other aspects of the invention, the DNA molecules of
interest are double-stranded DNA molecules of at least about 100, 200, 500, 1,000, 5,000,
10,000, 50,000, 100,000, 200,000, 500,000, or 1x10° bp in length. The regions of sequence
identity in these dsDNA molecules may comprise at least about 20, 30 or 40 nucleotides (nt),
e.g., at least about 80, 300, 500 or more nt.

[0077] The methods of the invention may be used to join at least about § DNA
oligonucleotides (oligos), e.g., as many as about 100 oligonucleotides in a single concerted
reaction, to generate one contiguous DNA. In a single vessel, many such concerted reactions
can take place simultaneously. For example, in a single vessel, hundreds of reactions can be
performed simultaneously, in each of which 8 oligonucleotides are assembled to form a

contignous DNA, resulting in hundreds of contiguous DNAs, For the joining of dsDNA
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the regi ons of honology are, in sone circunstances, conplenentary.
The terma "region of sequence identity" enconpasses both identical
and conpl &g sRdsesEqUENces. [0071] In methods of tBerijRYRIHIPH
the distal region of one of a pair of dsDNA nolecules to be joined

shares andle@leom 9finglequaiaed RACIINO@Yre(faydit leaStRBURNCE. g, deRhitbpdut | 1d) 25,
t he pI‘OXI mal ion of the other dsDNA nol ecule. The term"distal" as

used herBi ‘Plel]og mrolgeyles), avhgreingfqgeash pairpf melecrpiorhsiigiaed. éheghistal &P} o% o
be j oi nede Mm@lecﬂ@%m%s o Squefithdritfodyatb e ﬁBﬁﬁamglonroﬁlﬁr S
to the 5 end of the second nol ecul e of the pair.” The regi ons of
honol ogybﬂm’ PNgomelerwtesaind epdy sebef ctlxsalmdemna@lega%rqfép@mgy oveRqug i ng
sequence I e 'regi on of sequence honol ogy
(identi ty‘jhpa?1 quﬁ[gh%ﬂ&}lgg Floo% é gc?s to both strands of the

doubl e- st [@078edn @Mxmﬂigllmubmof t]Ehumntmnethstomandmi omNnhn&ecnﬁgiaﬁmman to

hybri di ecifi.c t0|t Ierrent st.rand, th
Conpl endRiShY Pach Bt b Eisp AR Reap S-S rae BY ssngaN AR PE
the di stgbre@rgn Hud¥t BBhed Q6 BOSectdr. Bheh hmbRITEN Q6 U 86siled, RearanSfofisd into a
[0072] In one enbodi nent, .the DNA nol ecul es whi ch are j oined are
synt het PEHICFY (b riomist RS, BT ) haster wae. gl 10/ Yeagt AL & ATk YSLiG AR
anot her &) R ,9eRenAlan@enpme of interest. For exanple, a first set of
about eight 60-rmnmer single-stranded ol i gonucl eotides (oligos) having
20 base r &é{178hdn metfs)éqgémenvpm preyorghore 4. s e4ll) @h therdblyA secl¢wia san b
the pro t I 0_hp S

set o ackslke GhaRRal; MEPTRLA SO B e ey en AR
Si ze nayf aAltegest.b:y qmlenmdmmd t}tenemA mdleals acosydihstiagiesoas semhpyrise t he

two sets o oi ned nol ecul es gined to on he roc

&0 epe Rt Bl R ot et T Rt e e TRA IS sl SebeC
desi I’edfmhﬂp@[l.tﬁf&]]@fﬁ’@ﬂ{lﬁét]cgtghl@mcg},ﬂ’&ﬂélent el enents of a gene or
genone, all or nearly all of which have been generated syntheti caIIy,

can be jOiW@B] Iﬁ"%"eﬁﬁ%‘f’ﬂofﬁw igyeapen. eoch b tha %Né\dﬁ?)l?@ti“é G dperesito heivbied
[0073] Achk@leauthelioe i o BlROFnRTwd REiMNERENRD, d AGhitde kg nBhi | ! y
to peiformthe jolining reactions under wel fined conditions, using
wel | - chaemelogpusAedny pisthe BINAImElgcEes ofsutb@sfanmd @nﬂng tbﬁ,uolrfliil&iwd@nzt}mﬂ@"i-
Thi s al [.Oi_ni ) ' d ' :
n o et Paobr R ke AR PNRn 3 B0 R BY PO SHERIARLER LS
conpet i isgtheand tmeoingl) br e Ghéxoatdeite h)qany béthe enymese far thdbemergtledn

m xture, ﬁ}o%hgﬁs exgnucl eases and endonucl.eases whi CQI ﬁan be %?S%?R
in cel | &€ F g% ?ra‘&]f’%"“*’?ﬁ‘ﬂlej‘%ﬁbr‘i‘?aﬁ’é"%{‘h od¥ BMYHRIIRE SRTFIGH [
accur at ?umlefsﬁ(éi RS RSl MEferérR LN d6iadhs), abd/beresetiRlon shan@l bfdor raeie can
be conpleted rapidly (e.g., between about 15 m nutes and an hour,

such as'$HicHERANZBEEt 15 and about 30 mi nut es) in single vessel. If
desired, {dR1PtERS Mmddes RGNS 1&@1@15{'&@5}3@1‘% bEQQ@Ha&alah&'Mgh

wi thout the intervention of an investigator:

advant agfesughputde.gechivigd ofit thtrebotinrasihodsh i ncl ude the foI I ovm ng t he
ability to join DNA nolecules in a defined order and orientation

al l ows, for Ekawmbhek for the cloning of V\D

2009/ 1030 /USZO/O 153 one Qr nore o] te t |ntoa
l'i neari zeﬁ%\gqt or" gln%a tgtgi Fimed or &'eﬁf(orfml ng‘% On is cheQ Outrur@f’
conponentndditAs pon tie@figctdlfe ta chanbsk asaffiloéine ﬁumﬁellolﬁheafle:side{ &w(tlhwa‘sl t he

assenbly of co nen parts tic ge or. genone or for
the assaMSifif 4R Tigk Ghi hﬁgxmsetgasgwéa}@ﬁf@%% ohhosRplog; Brpehuial, gt the
| arge tenk %W&&l%@%\&@ﬂﬂabﬁ | &@nig QR emhOR- whitcomiR@ theakdiomsf one

to join and/ or clone nmol ecul es of interest without having to rely
on the pralgndesasie Pegeds deicspnusisaserisgasbeyay be enred WSy atrotyrerasp dsthe

of the E 8&%@?@% épg T?UN?QP %[F{%ah v)Hlterr?otﬂél%&fibﬁseth@'e§81u@ieh§%""5 one

to asse t>are uns erwi se recafcitrant to in
digestion may be carried out by an exonuclease in the presence of dNTPs that lacks polymerase

activity {e.g., exonuclease I1I)
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[ 0075] These net hods can be repeated sequentially, to assenble |arger
and | arger nol ecul es. For exanple, a method of the invention can
conpri se rhepeabhsgz2 Method as above to join a second sekQiposHR1A"
nore DNA nol ecul es of interest to one another, and then repeating the
met hod ag@d083) dnjolticheihbelifibns te. nthes eloRgion Sf oA DVeRElohgSt Biby only be
interest, and so _on. At any stage during these nu | e rounds of
assenbl W‘BCGE“’W@’ tocheyhaga D‘NRO% shihp eegiileissingge Bypn ﬂ’?léﬁg@%l“?ﬁl% previfled gat
a suit af?ﬂe%nﬁl&&%ﬁ&ﬁ&e’%ﬁﬂn Ofhnd éen%@a'ﬂedth‘?e @i@&kﬁ&én‘?‘féngﬁ il ﬁaﬁ& oftelt to ai’x\ﬁéaf‘
PCR or rollinhg circle anp F fication (RCA)) In one as

of the ispacefivallpnnder He mnml od ¢hel le@:n@ﬁ Buit elrr@s}nngaﬁpém tadlyl’ es-meang eld

ol i gonu Sl DGE i on
of SequararraEial t ordie e aHice R A Rnh Ay RRGLIRI BT o] 68
aspect s andthér hﬂthenﬂmmto ﬁhf;!l sirfade- NMAdstod e dushgswhith hletpessestin dieecaction

doubl t, d yl f at | 0, 200, 5 0
50000 T6XG00. @ OBB TG0 OBE BB UT6: 06H0 Yoot Mopvirieriss whptiRal o the

| engt h. pdiel JvediafHSARkilISE GYRRE Eanl LTIl deper. 1hﬂlettﬂ'tﬂﬁﬁn£i$@h@th §22Y z@ﬁiébﬂ[@
conprlse at | east about 20, 3Q_or 40 nucleotldes (nt) east

about s@pecsnneRine of 2 prugncqf interest gpderp etvsa seieat h‘%?&gmb‘f"“fi%@“i‘ nverralon

may be wafnfdfodol Refhs l;p@éhaﬁaﬁwétm e LN RH bERUG! ep&a@@&nﬁl@&&@s)

e.g., as nany as about ol i1 gonucT eotldes in a-single concerted

r eact i oRontaio u@aeanefrlaccelem ngtvegwugﬂl@mnnpai segt@nmhmy\besls@! prowedag that

such copeer gﬁje stfa%?g&(]})]v%ng‘l gsg& ﬁﬁe%g[l ?‘%%aﬁ L 9%8&&.{;%5 OF% EXANR! €
un re

in a sing 6 esde |on can e per
S|nultaneoust¥ wdil ch of which 8 oligonucleotides are assenbled to
forma contlguousi%ﬁgr—resultlng i n hundreds of contiguous DNAs. For
t he j oi ni [8dT Alsiible aMOuROTA/clOBORy RERL, LITRCHO PEG3 411th3 raxolie@cuixese hioves

single gonc rted r action, re nay. at out 4 , at | east
Sbout 5 orgaEs. s ensdy iplg G B igs Y TRV BHAE fope SRe, har Pt
ol ecul @fechMipe idi9k sted th8t Ldr&k@ihg beGk,Grhi6H ARG 6V &G RIing, binds
conprises a region of seguence honDIogy to the proxi mal region of the
ot her DAganggics 8pMater sy, dlavipg compangnts ghile polBsgmigIcoma ¢t A9t
honol 0gY 5 WHhGHE ahRfierS &6 e:Rfple, ﬁkppﬁ%legﬁk@&lﬁe?&o%ﬂ%@ chPb&RGinto closer
[0078] In a joining reaction o? the 1 nvention, the collection of DNA
nDIeculesmaﬁﬂymMEﬂesﬁwﬂdmbemp@mmmmhgﬂﬁméunﬂh@hambﬁpvmb@@a Alsneigrsi zed
vector DIV Hﬁﬁlﬁ%’ém mS‘sc% ﬁl JmCE{) ped, NS e Qlind ¢ E&?b‘?&t su§§t bW B be

cl oned 1T S EE ecul'es can, desire

t r ansf om‘eﬂizetdﬁ)othaxdmﬂxsm @fedre{tel (r@alg;ulesaAmmxequgmmbmlmsmag agfsmawill be

bacteri east r a eukar cell, suc S a
ol b sned bt TR heRbed T RSk S BherBRBedRs Sunas
(e.g., @blymeRfe g%a%m@ 8644 EEGRPICBE, GENe BEQH7E Yk et s&ﬁlal.; ¥extrhhe

DNA nD ecul es may adj acent sequences of a gene or genone of

i nt er est’0: qr rﬁh‘f‘olH@ é\fﬁtﬁfmfﬁlﬁﬁmufw RS mh%tmﬂegdla@féedstg? e dioayes gheas
to conp S,
and themsa%sg}{ ecu gglggfore 310( ne(l{e I sﬁ%ﬁf#%%x%ﬁ%&hg] *&Plegmgd%?ﬁggl c
gene or regegropehow to inpE@EHt tontiomehangyp et theahethddan jordee it dcopmmedash thefuse dfe
DNA nDIe u}&s 8& Ent§§est to be joined conprises, at the free end of
each of ° tWo geélons of identity, a sequence that is

non- honol [Ig)ssl]s Ih gereeryl, wifentHEES idNAedyD kemshesionfof hibdue S@siveightidoldine) 8 g

the joinin ction, the n us seguences are re ved by. t he
3" exonfBHEs HodE Ty hwmefm&qggggm ﬁ%gas%g( 5 ADPYE 3118 B0 Fhl ATYELIH 6@5
or the $iz8¥OPIIG k@m@use@ta A hYeiRd ﬁsmb&qlm@n@ﬁ@ o ¥EG-bepot hgsmmacdled
nmet hod. The non- honol ogous sequences may rise one or _nore b|nd|n

domai ns PEGr848@Rosbp 2@0%), or exsnhigher. fT@rf@fh xagnmiesi hetrie SHrai-HE0, was use

2001 RSSO Sy hATGAS AL FRL QT EAIES oty
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[0082] In nmethods of the invention, the exonucl ease digestion is
carried out under conditions that are effective to chew back a

suf fi ci entyhsygbhessopf nucl eotides to allow for specificpaprlsyhfaaf
the exposed single-stranded regions of honology. In general, at |east
the entire regp@®epaf overlap is chewed back, |eaving overhangs whi ch
conpri se the r ion of overlap. In sone nethods t he exonucl ease

di gestionl ©llewing theamgeling,of singls syprded PN A feithppovepsaptirogiced Ry P
(e.g., lzéld;m ere&lurérgarea@ﬁe)n trr\@bm hB1eQiIEEE bIRSRRARe ddriea SXUACLRAS S

di gestion may be carried out by an exonuclease in the presence of
dNTPs t keuencgaitentiiodismealagmndat PNt poleanles whes denlDi e teslee joinedl are\ygle-
2009/ 10 2 4 I Qaqi t

when t hgg%ie ion § &g\%@gﬁé%gﬁ%ed\%g é;éﬁ](])jr){ él?e %%Qﬁcgﬁlﬂ%%%?gh‘gg q‘n‘gié‘égé‘gﬁa’ﬂe
chew- baeﬂexmoqmﬂﬂé inof-soindt dieplachgd, ®NA polgm,e;aeﬁ)(rsemtrﬁraes mfelkd of hdrdig as a

regi on),, rovr de e sr Ie str er han t hus generate

g of ol pesnt a1l pickSut Bl ity ShETman et 4 Sa §Hand

under tRag e@lﬂdm@p&y@rﬂa@hear@e@m@m isBYDN ApOBAlerAA8 1P e fna@akinthesisf

meant here| n that a particul ar cPar r of single-stranded over han% wil |
5

anneal pHEE @frlerhttrearqupte(bIPNérrrlgrl) tvgighie RAGPRSras itpapeseds eiapy 1 &L her
Singl e Siaaned: YHDARATHAEIEBEE DNLSERus bl baEedeaRit Ol &
By "pre erentially" Ts meant that at |east a 95% of the overhangs
w || anfidailg in thetgap tlparcr@ttdoi\he:reh:agglmmns ki“‘oridg wekK éricle irnstagia). | y
determ ne i n for ac i fi

sequence 5@0%?11%21%3%”? géngee%cgb gt:ﬂv i thtn% %gtrlgrgc |b§r§gaé%‘éfﬁ arlclycgfava“gty of
Gener al kyitabiehBermosmble oL hg@gs (:snme@fhem:&mleam lﬁendfle a8 gk 5 t Araogietle

over hangs their c nple cont n ldentica nces. wever,
oot 1l PPl are, SRR R et TRUESE R A A MR e (PN
si ngl e- gfidiadnelerd @Mefhﬁqlhgﬁn&ﬁaﬁledﬁgﬁ&@dis‘ém thitsaPdint WRA6576,083, Thermostable
condi tions_ of tﬁe reactions. Crowding Agent [ 0084] A sui tabl e

amount &1 INA Jigaisi frryn Bépeser, Isu€l- as PEG in the reaction mxture
allows fOfoossnRAAESHy. sabsclrifit) bl 8F S nfERk B Uh B i hNH 8scalthidian e

wi shing to be bound by any particular nmechanism 1t 1s suggested that
a cr owdrsagticigaatedughittoweatil, ovenefegrbodiment idiagd [N dwdiiehystilbdomgsistssomad
ties up onen e sol 0
cons | nPER o e balyB bt il Bl O, 80 BERPRREINGe Bl 1108 ARRHEARL A o
to be r skl machican. cone into closer proximty; thrs t hus

T M

subst r at@sirRmdy, @éhehﬂ‘lystﬁlabmbhﬂ%@St&ohrﬁt@eaﬁ@m\éﬁj/ isGbbWaitRy e tah @ A
variety of suitable crowding agents will be evident to the skill ed

wor ker . aRe¥ Sl hsdroliderase delivlyt 3ddigaiied tyionwh g 6pis e eROLYBEEH: as
POl YITBT §yifbiTamorh] HRhHENE bOL¥AR a (rPE@mf Ereqmehmmemﬁaéa Gt 70;

dextran, such as dextran 70; or the |ike. Miuch of the discussion in
this apﬁkmplmhmems di rect ed to PEG Hovvever t he di scussion is neant
also to a

will recogﬁ tt'l Com ﬂb(lr% hra(%u‘)tﬁgr‘l %ﬁq%fgabll q%t%é) Soglqﬁggg‘ lh(gsrATP

order tor Hemmrbdﬁme;dab@omermé end. hibat age pm@hnngx aAaganiod mixtufedahd 1ni.reEnt10n
general , tion of about 5%

ed, .a. concentr
(wei ght Ja F‘ﬁﬂ?ﬁ)oﬂt@mf){ﬁ‘ SIWddequ%éf\?Qmest RO RET A POOYMEBRRE a@ﬂh‘gi‘%hd@hm

e. 9., fuRpa@boida orhfoRbeat KAbrfeidye f‘émhb@mle s&tlo eealfioREGomaRxaifpised,
e.g., ranging from about PEG ZOOé ., PEG 4000, PEG 6000, or

PEG soooaactm FBOUENPEEPEOYBON wmlrmh iFgheamplen oppavitehls pffeisystem
herein, E@éﬁgﬂnea eﬁtﬁﬁdsom Fhe€ FQUlNG h@@r}ms 1§8Q13&WH'§%P@MW

enhancr n feaction, enhance |i
2009/ 103@217@63' p. ID$QG®19¥CO$&11’53 IGapMRdg@larO 2 nﬂ\@@@ﬁ]ot‘ E6TIPodAhB, dTH& and

anneal i H@TBHD%%?T%%?’%@QOO%& M'ﬁ overhangs produced by the
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[ 0087] The nicks generated by the gap-filling reaction can be seal ed
with any of a variety of suitable thernostable DNA |igases (sonetines

referred %gﬂ)ﬂﬁﬁ/?dsﬁzﬁs “ligases”). Among the suitable | E?fé‘gﬁm%ﬁhsf or

exanpl e, I gase, Anpligase Thei nostabl e DNA |igase Icentre

Bi ot ech not(ﬂmps)l a ridid UTHBSdnabh,8hd hORERTaMNS ckAmeRadeNpdiamBat-amt 1ive
6,576,453, Thernostable Tfi DNA |igase from Bioneer, Inc., etc.

[0088] @iHatias|argisolaigh ¢ antibarniallyiphriged)t el eﬁrleqé%m(leﬁﬂctaﬂells #F nptanployed.
ni cks)

Cbod mant ot ae R Wi (AT O, BEASTRN IR pr oMY Rhnor b P B

t r ansf oprigidali eny worandyd ¢4 @1 themptusetvigsment itip ks natlwﬁbr ecumieghinksolared or
seal ed by the hacter machi amount. 0 t he _enzynes
used in é/alat fb%ng}os{%féellu::ﬁr\}lgn en g%ﬂt}éévr}]lgcgm 1§1 ]n tu1a e edI ];:Pce{(lafny% ¥
Gener al hymlaulbe)carrﬁu@pmm‘in ﬁesesaxmrltmiaaﬁzﬁewa@thow (eY., ms;a&umaﬂuagﬂplalehy

| ower than the ampunt of th al ynerase act.ivit as act|V|ty
is in | BIGREE Racerethat s Eﬂ% (P Sath tag A it n%misﬁmiz B ﬁ%

to be ugefkihRepariBd HOM BfncbP Rl bie BédxRind ifteihls U tHoahReh] Is?sténhes 1solated
Exanpl es herein. 0090] Reaction corrponent S (such as salts,

buf f er s Sugh yraicingtshiebepast ‘?ﬁﬂ WIWPEECH SLIEH RS MATIPI ANANI) e isintert inthad such
reacti Ogoﬂhéﬁtwn%L I Eﬁop) 1531{0? pBﬁSﬁw tdlg ;ﬂv?&%&n‘toﬁh M uz[n%scﬁgte& he
i nvention hay not e opt | mal for 'the individua enzynes (exonucl ease,
pol yner asmenaﬁds haegase)n;, cammdadq 1,t2h 8y syenare calsesaofctbmpmotﬁm se., thegtoteig can
effectiée. gr § e entlnreeset1 of n%(ac g ) a ﬁl & ction
condi ti SRY GF EPrA SERTEE AT {458 %E‘r%ﬁ? %%F d é“é &bl e
buf f er syamendd tlelikd, Headiny oh e pai’ﬁtﬁhﬁ pratein amtoﬂm&m@ﬁ e @ehet O
herein as, |1 SO (I SO hernal ) icall r|56501MT|

pH 7. 5; CTBOW%@%PIO@‘@SN“E%L 8‘?“% PPy )&T‘% PF18S 45 laé‘ﬁﬁwdig thfn
DYE, 5% RE&id3000cor@BstiohalTivh Bk emMQu%&Q?/tH&ﬁ%KP@Hﬂé%QQ%/ A3dikadr is
[0091] In a method of the invention, the proteins havi ng ‘exonucl ease,
pol yner agétieghia hpmgeaeitacBy Vsubptartialy purifes] ds mgantéhag the pseibiatinsepimatedyind
purifie

pur L 1 )bl £ AR APRoITarS. BEb ROl RTRAPURS, HELSE e
r emov ed phinifoash protsingman giendk celnwt¢wanbﬁte IliéAgto betjhigedh aﬁlutems vegthin tienment

; .
other cRIDREREE ARG EhBP b Rim i seive PaBloa R AR Shpr h R TRR
nat ur al biotedess Wravideg thak tle €tapmpiite saih therncnhsem(ahxynaiuc lattating Ch(bﬁidlr(ge

a bacterioph pr ot ei ent bac m t hat has been infe ted
with théCtHHéF@ag‘)eqF%edr{Btag? g"&tﬁwamsa f ‘%é@a} eﬁF‘o‘f’é ‘ﬁco%@ﬁgf”‘éftt‘éaw fom
SOMe Of o hseQficH RAVERBNh&KI. N materials in the natural system is

i solated. Such proteins can be part of a conposition or reaction

m xture, andygtihd DN2EMoRRLREEd in that such conposition or reaction
m xture is not part of 1ts natural environment. The term "an isol ated
pr ot ei n, " (8211 demeredepithe tapntioncatiest two DNAInolaculss aprproatagispined the
the proaﬁgypﬁsb Sor coldAorRALENR (£ BE D hlfech oL (B Bfm & IRAGIRLY inflec |
can be In°the Tofmo L ver SUGh as di mer, trimer. tetraner

the |i ke:;xefdmpbzridwmg nomlctldq)edqua}emtlanﬂedri)mcm'ucéctqu!etila@enn wbiel |adeughatqopy|of ﬂhn
some embodi ment s r of ei n | purified. Methods for purifying the
pr ot ei nEEER "F‘erﬂ‘éet ﬁ%g'éyldfwtf"ﬂ f nvention are conventional. hi sone
embodi men{E93k Pemphod of e iifrefitiSaaBE sty jduihnyf DRA @bleblespifintbiead t o

hom)genelty BI¥ 'substantially purified” |s neant that the protein is
separ at gghuding @Aégﬂé@ht&i“aﬂwyal W%“W‘én‘ﬂ%‘iqqé?N%ﬁ%ﬁl‘%i“Wé sypthgtically generated

protei npndt Be. Bhd [BHHU A nRfdches nfaONg hide He-clohBg iyh WEdi&d e BT, QEﬁgE!

can then be contacted with the DNAs"to be | oi ned. Protel ns used

t he net hetwdef thelievennemnt i on can be in the formof "active

fragnents h s, { hat. t he

fr agnont sLO0ZEE A plePalid BFardblep ST RERE P Boa PAHL et il
stranded oligonucleotides of about 40-60 bases can be joined, e.g., via overlaps of about

20 bases. The minimum size for joining molecules with a 40 bp overlap is about 80 bp. For
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[0093] A nethod of the invention can be used to join any DNA

nol ecul es of interest, including DNAs which are naturally occurring,
cl oned DNRy@lugesshes, synthetically generated DNAs, et gy iR®0b/@dspad
DNA nol ecul es may, if desired, be cloned into a vector (e.g., using a
et hod  edolédnkes witherBO0dIp)overlap, [Fﬁ@[ﬁﬂ]]lﬂ%zé@laﬁ@lulﬁlﬂe bpf TE&i)yeticelmgtﬂﬁEl@ﬁfcbuld
be joined by nmethods of _the inventjon. Single-stranded

ol i gonugFéeﬁaag%mfsﬁlzaB%HN 4‘6018%}? égf&a%awowdj(ﬁﬂmﬁl vedy ljrge mplgcules
over | apsycRfd ®hase ﬁ%ﬁﬂmﬁﬁn&l@%n@ mcrma@ s%bfe@t b Possitdé BleRcheBP | R Bk RSple,
with a 40 bp overlap is about 80 b

2009/ 103atRehAtiS onw dANED ah@lpt&ég oes, OQ@ tOhmezem bpiongdr | ap, the

m ni mum s 4

e 21088V P90 B TR Bt BEPRAIL A Bt
nmol ecul ésgawwdl.dit kestrmbowe S5¢ r(}aﬁgagn&:ntsham be jrarhedde [The nesberanfi draginensts s:ihhcheam be

about . 750"GAbEgb0N b G EAER Bl BTN T 00y ORI TP

essent i akdnyplelithfirig@skntiaeing lo@st@hngsfor ENAL 15 @Qﬁbtﬁ&OO@[ﬂ (e, fl@gxﬂ@ﬂs of| n
general , at | east about 5-10 fragments_ can be_joi ned, —The nunber of
fragme nfRoURAikeRoTd¥ge Y Mg ]ﬁédh%'@ﬁ%tﬁ‘ﬂ of frigmeysy tﬂ“at 8 bt !Pé“eldé’i‘]ﬁ’cbﬁtaﬁtfa“tyhe

over | apsn@ffed. Nehel RABENSE Rgrdch@ nhdi @ bihed Eﬂﬁ}&%&@ﬁ@l‘l Slso Wdelds, in part, on
fragnments havi ng over hangs of about 150 to about 0 bp (e.qg.

f r agmenthe sbficigisyef e jRibinggrodesty: deihe gificsamgy pémnmg llﬁéOWEqn!bem ampinfinite

fragnenhﬁm[aélaotf%r\f‘ﬁcan 151%5 %@dlgoéHPﬁl %@ﬁ&ﬁ‘éd@é rdViled gi:l)att e n%g?ﬂltéﬁpéaq%al

of fragnents t olned in o eact
part, onumbg oéfnfql@uenoglezmh stiseatead pesegt jprbcesdion). f\?\/’uthéoxedxfeffmmntcy (f.,

part, ) 0 :
L heor ot PRSI 'y oHe IPBTRSE STV et BIRESsh BpP AR e ) o el
of nol egiiheis méth@a@ﬂ c}&umflaﬁ @ollSwill B8R Rtviddvahfeoffse@eiaiedMA (&L Bbout 10

| ower effi CI encj es %1 about 75-90% j.oi ning of each pair of two
mol ecul &3 OHEMBOQ%%% SubsERIPNL 1SR (HEhn be | oi ned. Met hods of

the i nvent(l()@@]b"liﬁ”é&né’\@rhbocﬂ\m&ﬂs 8 b ﬂﬁeﬁtﬁﬂgﬁle?&ntﬁi@ﬁwrﬁ&@c%ﬁﬁa Hircle

about 10 to out 1,000 ng of each substraie in a reaction m xture.)

[0096] Ped/eihesomaphigtiechiatn Svesfor thiormmeialei die laves sizofimfoONAIIbA éT ul es

forma . cle.
The | overe SR paRe R R Aot MdoRLITERSF = bt Ml ce
pairs. Tihendhgrie ,somdneast:sotla:l lergtingft the eéctarhs prafenably of leagmboit200 bp in length

| east iSO *oB0 AR RGeS p PR Er e e B b

and j oi neger[MNABe @EncRaté®My hindthoedf ki lipase. PRieljSine®DNAR @S fake GRTold€of
generated by a nethod of the invention. The joined DNAs can take the
for m of S R&Hclg Op 7 HBga eyl j near nol ecul e. [ 0097] More

parti cul afdogy] tViGe PRSP th NMBER bEBNIASS o 1RFu1EAT S8LEES (it mseymp@d in
joined invitro to produce an end product, in one or severa? assenbly

st ages H#@AP @radgca B e rodygle HY sy seigyal pesembly| stigst acsprding tg thedneantiohan

about B e At lefiy o égatm]tﬁan #ou 23 4 W, 1005 A0Ts, 0o, 308380, Lodd0:

or 10,0 for exanp range ‘o ‘0 abbut
100 rml 8000.e5.10,006@ DNAinetecalts, écssaandnbly: ustlmgasgemﬁybde&bMt )0 MoleGiless,

pe’ i n t AE- P obF anEa et BEBUE b ht e iroasrord D iBihst P T

i nvent i eefBltd Bea 4886 stae n@ Be INQBEEAAEE oAWBuMDIcLBELED Bfledis Eht BRthods
each of V\:hl ch has a starting size of at |east or no greater than
about 46f the Inveprignamaygly igd toyjgin tpgethes AN 4 gnolepulep or epsyefes each gt which has g o

E 80 &g kiBrting QizK Bf atdenskbh nodRedidd-thadivkt 408%, &Pbs, E8pkR00 i!aé%obles 13803 kB,
5 kb, 6 kb, 10 kb, 18 kb, 20 kb, 25 kb, 32 kb, 50 kb, 65 kb, 75 kb, 150 kb, 300 kb, 500 kb,
600 kb, 1 Mb, or larger, for example in the range of about 3 kb to about 500 kb. The DNA end

products of the inventive methods may be at least about 500 bs, 1 kb, 3 kb, 5 kb, 6 kb, 10 kb,
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600 kb, 1 My, or larger, for exanple in the range of about 3 kb to
about 500 kb. The DNA end products of the inventive nethods nay be at
| east aboyjo 5fd0ley L kb, 3 kb, 5 kb, 6 kb, 10 kb,  WOpcrysapesmsaiss
2009/ 103027PCT/ US2009/ 034153 18 kb, 20 kb, 25 kb, 32 kb, 50 kb,

kb, 75 kikblEkikhs 1<80321&b50 5@(65&15 7£1&Q 1R kb, Bobab, 500 Hbas@Ekb, 1M\, or larger,
exanpl e in the range of I'n one enbodi ment, the

i nvent i V& SFATAGAR tl'&r‘é“ﬁ?é’ééo 1kB FO i Ma'b |Iﬁ ops ¢rpbpdimen B {pvahtiveesthods are used
si ngl e- g4 tﬁé‘ﬁzelgrﬁhés&ﬂﬂl%}f%%! é’i‘ﬁ‘gﬁe st’ieﬁﬁ@&'gﬂﬂgo%ﬁé’l%tﬁﬂes rtl%ﬁ'&ﬁse@&aﬁ%ﬁﬁ‘d?‘?ﬁy’

into cassettes of about kb, and then the assenbly such

casset t @sseinhtyp ingo mwtmbfewp@ 5+ 2 aactbtmn tieo@sakibly of Iq)@e%qassmemm}cm BNAg
a m xtur I es, it is preferable that the DNAs be present
in apprtr)l%l%%{ %béemgﬁ%#ar anounts. |If the nunber of DNA nol ecules is
not bal an{@9s] tWecfoexmiga mbathrd obBNa\ inelecil e itiioprefeiabisthernhd Bwﬁspm@msnt
For exanple, consjder. a examp | e 1n which cul es are

s el SR HUDRE LGy S oo s HHp o PRGY WoRaa o nas Figt e
ol ecul eesauRRAId 1k a téﬁﬂnﬁmnmfmsymefedaﬁ&%b FEexARIpRE thiSRle ML XA mR: i which
and 4-8. Assuming only a few hundred bases is being chewed back in

the readtilbh mal¢rates aw&a Ibg agsemisd Setgphsricie! -PofbIfRdir 2bBlewibers Waidn gresast
region %ol&uﬁ rﬁ’iﬁﬁ)elt /thepﬂhQ_])él 1[{,961“ S EHLRA rﬁ’élecﬁl‘le% wc;u&?l;eepx afeg! rSG%Eﬁ]HmL Bﬁly
anount o -8. Regi on of "Sequence Honol ogy 99] The regi on of
sequence fwi emditwbzema bdngeheszwrdfbladt wrihe¢ ya¢t®mgthw va:lUIICbW mpeqhdrice
reconbi QCChI 0 e
reg| on gl f)gt“%g ﬁll dlSElI CFS N ?fl &a[?dgﬁabl%xpgah%e& §10 %%el%ﬁn%gl%ﬁmﬁé"
uni que t}mdrﬂmseOfDI\B\ m)l ecuI es, and no ot her DNA nol ecuI es wll anneal
to those two DNA nol ecul es during the reconbination reaction. The

| engt h can va&eyiofi bDERgacideHamuvof about 10 base pairs (bp) to about

300 bp or .ln general, it ref abI t he | t he
over [ap | OBRE e RealS pieare i ot SetrSairie Frdgretie t o be
combi neﬂacoﬁ&naﬂ@ﬂ to| Res. tihads abgishldle 1&{@ @B%Mtbﬂ@ﬁ&e%ﬂﬁbf @Qﬂ@l&b ad@e0

bp. For t bé?ﬁJ oi ning of 2 or 3 fragments, about 20- 30 overl ap maD%I
be suf f Fedscftwo BHA melesulenirbeioined wsHe & thasePhAangleqylesyadngpties DNA

about 80, R0 il QMlteal‘?tQ thQQ twd Bm%oﬁm%uﬁg the 1{:&%]{11?29109 ReRfion, The

sequence identity is of a length that allows”it to be generated
r eadi | y ldngthspntvhigtficon aetihionks) ofelbgut [0daerpaizd (o o {euy300 EbounaB21In o

o0, 70, LB gBieElrafR tecs Besn€ uf SoBW o iy o gy ot e

600, 65Bagmed to Bé&mlﬁﬁ)ﬂi b85St 1e99Gan St OF b arl0dt bjprd thad bogt 1900 bp. For

0100] In .a ref enbodi en luralit nol ecul

are to B8 IPalisas o ggmeope 2 e ioReiar be oy 6y e i
di stal raghets, pr1&€@e@$veilhﬁls%t%|t@(whlﬁﬁlt 960 b empak Emb@dﬂ\%ﬁﬂ ma@ &rpof
share a region of sequence identity with the proximal gﬁon of

ot her DrgNURRfedeqitiey vPf & Fasihdhat allawiit thee &ﬁ“§*tﬂ§|d %‘i‘dh@ﬁé)@it ic m%@qdéreg
of sequ 4!)@%’0&% %130(1%2(%%}5&@@' )O'fthNAdEBlln?ﬂH eSP. aﬁﬁou@gé'ﬂn%’ 45950,
ferent sequ

be uni que rom-t e regli ons o Ace 1dentit

t he ot héb, 1Bafd,P0oT00DNID, 200.660] HW) SSWWéOJ 46 BeS08yEL é@ﬂ@ﬁﬁ@ 70@,9156n&)00850
i denti tggr@gg dezgg@ d |1n tthl s manner, the orientation and order of

t he I gui A t'h n% %I ned nol ecuI e WO

2009/ 1030pMPaIT Th52008 1A 34todiment, when a plurality of DNA molecules are to be joined, for
each pair of DNA molecules to be joined, the distal region of one of the DNA molecules of the

pair is designed to share a region of sequence identity with the proximal region of the other
DNA molecule of the pair, and the distal and proximal regions of sequence identity for each pair
of DNA molecules are designed to be unique (to be different from the regions of sequence
identity of the other pairs of DNA molecules). When the overlapping regions of identity are
designed in this manner, the orientation and order of the DNA molecules in the joined molecule

18



can be predeterm ned. A nunber of DNA nol ecules (for exanple, 4 or 6
nol ecul es) can thus be incubated together in a single reaction

m xture (iyp3yshagse vessel or container) in a method @brkRfvms4ss

i nvention, and be joined into a | onger DNA nol ecul e in which the

i ndi vi duak bPibgetafrEndll I4RGALEr o DAY mARSIE LT ARplead B ®mbRBE1AY)icaM thus
[0101] The regi ons of sequence identity present i1n the proximl and
di st al rbégw%hge%wog?th@ 1DNA§1gledc‘!§é‘°P BHHES (Eahsipge @%@P&F@Hmw) Hyfymeihodof
vari ety of i, 0BERARd be joihLAR]a 16Rder SR RbRculk T ARRH SIAGLRBAIDIOAs hike

i nvention, syntheti cal'l y prepared, overlapping fragnents of a gene or
genomne afraigedan é@td@(?@ﬂbmdﬂamémlelﬁat@nkb in length, or longer or
shorter) | - a
rolling ci ﬁllgpfﬂquébésyc’f%@ hge 1881&@3?? {gsent E}%hgg&nﬁlﬁ 39&1? %éa&]?ﬁ{)%fﬁﬁl on
in the dnNestodrdoioed mntlntgtematatembyvlm}odf atxhﬁytyajfmeﬂmdat ed in the gene or

enone. met ho the first . 4N the 5 npost
O on oR0doB) el el b e et RmgU At e S aion, Sicfksie et on ot

its 3 erdeddppmodiaginahts en kee@lcaidise F iKERAUEPEE abdut §-6 kAR He(4 Or RRYer or
that is identical to the sequence at the 5 end (the proxinmal end), of

the DNAShorigghEnePiQralihiRpliiiad (pg. Py PEE, Pb‘?M@A?ﬁ 88 6 B mechanism)

fragmentg hl\%ﬁ&Hé@by 4 Se@¥AbPES iR MR in A détanB B entdon' ih %vhﬂ.‘hﬁfiéy ar€nd,
a sequence i's identical to the sequence at the proximal "end of

t he thi d@ba@ml the ggmeertgenemel kighiomethod, thp Sirst 8N4 fibgrdenténg., in the 5' most
synt het i [N re
nserte 8 %f H{c\e]gg &{ §i get]gr%%r{g g&c@legfze@sc%%gﬁh? {egg)%na?ﬂgb’ %Bd Eﬂé Sitrs&f% 0‘31
synt het momhﬂnya peqpparedel gf nbxgmﬂ@nbp) thirénideicebioakbl ferjomce bltehwé'cmd Kthe

o hod gromdemilarits bR Rneat ghgih Ko OF it e edont ifA Reay i

are | ocaidskyhthdiped Q:nﬂ?la@if hBENqRRYstal BES @ sPHIREEIWARIES isdldr@daltth ehe sequence
preparation of a synthetic gene or genone. [0103] In another

embodi nmehthe groxmd eiliiﬂ?%‘il?? i DR Gdragmsginant ¥ o Ipangtairsadodiisnyener at ed
by rest rsj/lﬁﬁétfaﬂll)gﬂ@ﬁf@d F}hgﬁ é &, geﬁél&hgeﬁql?ﬁrs o? i?l?elésli %Q'Iﬁ‘s%}téd QVEL | &rrone
anot her 0 to about 1, . The overl appi ng regi ons
can t hemlcwegqtcﬂ me’:ial cly toam et heyd 06fhctsmh¢tmiémziegmed rgraansrthgnurisased fipim

f I
comi mat ToreeRuP e AAEIRL b Feth PSR AERAR S narotafe
pr epar edhvehifominltiecartiasind mdémutmmh edidhebeygea mtatteém ﬂhy g&CERrgamnte Tieed.

0104] In o nment of t entlon chem cally synt hesi zed
b1 1 gonullsei e oo O kHaten 35 SRVEE e oL fdB Enat tan’ be

synt hesi zegiogh ﬂﬁhﬁ(ﬂhéﬂémt@dmejﬁeoﬂlﬁ@ﬁweftﬁh t@@b&fﬁgh%ntsl@bé FOMNA are generated by
ol i gonucl eoti des of about 60 bg havi ng about 10-20 honol og{ax
over | ap F&tricigs Az, digesHom audidBy i %%Wﬁtﬂ"?%%‘ﬁﬁsﬁmth?lmf’é by gleyut gp to
The assgphliy 0@6 bﬂyOTﬁé’G%xﬁblbaggmgFJnﬁ@&d tﬂé&?bé f%?n‘éh‘b? alnfkafbddt AN Rksg Ul e
of about 500 nol ecul'es "assenbl ed by this nmethod can, in turn,
be j oi néueatey n@méel@rof frogmenss eraral oM wi@eﬁbﬁﬁlea%@em@wdwn@dm S (or

anot her lCHi 1034
assenbl ?céjg%ﬁ) g %@%@ggggﬁ’%@gﬁf %ﬁoggogﬁf%% ﬂoyd&can gener ate
very | amggecnizh emcudnasoleéulal\genexhdaébgPCQ mobthgdretical limt to the

size of a | ecul hus ra
[Qﬁ% rf;?one embo 1mcnt0 eeznvenuon chemically synthesized oligonucleotides, from

about 20 bp to any size that can be synthesized chemically, can be used. For example,

10 ssDNA oligonucleotides of about 60 bp, having about 10-20 bp homology overlap at each
end, can be assembled simultaneously into a vector. The assembly of 10 such oligonucleotides
results in a dsDNA molecule of about 500 bp. DNA molecules assembled by this method can,

in turn, be joined to one or more other DNA molecules assembled by this (or another) method
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[ 0105] In enbodiments of the invention, the regions of identity are
i ntroduced by PCR anplification. [0106] In one such nethod, a
fragment fpbhddbegsest IS inserted into a vector. For exapplu€zoodo3sis3
pl asm d vector can be linearized with a restriction enzyne,

gener at i(fog edang e ueRa®liéds ¢fabgut,5008Y). I'fgepéﬁ’tld}ﬁ)of the niidiieod @h kgelflafi att R&y large
restriction enzyne cut and a sequence to the

bp)
ri ght ofalsralesg PNM%WS@MW“&JHIMT% ?Jé“g?]fe‘rﬁNtA‘d“‘H%“E‘T HE&enefftes
the vecto E\OIIOS Fff;anﬁaaghiems%@meqmeﬂgof@l% RBEib ARSI ddMiityChre Molokudatyyartuce
sequence at the left end of the fragment, and sequence B at "t he
ri ght emdwpbficating. fragment. The regl ons of sequence identity (in this
exanpl e, B e
veotor | nTogL JA¥hEheblon, £l ik OPist ROt Pt LR ol Babilife. o
Al ter natplavmicyyecmc&n teulireentizedwhidn destr mismdﬁlsymatgememtmmqubmc AdPS.,

e Ve a it o6 Bede B me FisBirPn hbGlercof S i B Be. haReadi e

a cloni ﬂgnﬁghteftaecas&nﬁelseﬁhﬁh@hu@vmelfa@nﬁﬁqu%ee&mcamtd e vedslsis eCRt he
insert. The nethods _described above allow for the directional cloning

of any Arpfigd ging REBmeLRErs Wich 3iH IFRITHGaEnr et ¢t O 'eiHadgf dedieaest |
or int rggdquhaﬁe@fat t]{eeﬁéh'i bid bR 8 éﬁ@ ?1'1511%§109§‘0fts@§uén9§§iéﬁtity (inltR307]
In a variation of the preceding ne d, two or noré DNA fragnents are
j oi ned ex¥gHe cagivhdveng 400 elgw ﬁlelflaﬁ@&ﬁt trOF éduAddo therveetal &1 adasired i on of
e P SERdAR R BAd, L EEhAfSeAe SERURDREY, ASALILY (A Rl HBIING 4R
each pai'r o fagnents to be jol ne are I'n uce Into ragnent
by PCR anmlsmﬂndatughnbe ms'odlg;eSUM abineerpairimg PR Froplifeaiddn, EDl‘dAeefmagcmE!mt
to be | ed not fra ment .. a seguence is. introduced to t

(ai ot af PR PRl RO g R e nRF B0t St R A S
at the Sequefucoxd thebnds@n theQhsekh &hé hRGITENEestBbadtbEVE dlfow Br he diectjonhined.
As in the preceding nethod, PCR priners are used in WhICh t he regi gns
of sequélfBEoHaRY infsyt pfdnigrest, E’@‘hﬂ‘f‘)ha}“?‘%t%lelyt%”ée PEREnSE PhndF inigdygtion of,
havi ng 2Quftibn eflyhlsiids Gikht #Rke nunber of rounds of PCR
anplification, DI%A fragments are produced in which defined regions of
sequence U8 iTe ¢ vaniasiop o gerprecading methed davogh moie DN/ afjpgmangs argjrined to

result I
ot ont b RSP E bin B3l et IBUIP R o PREHELENAR B0 86, AR
] oi ned, setqumnddmAf thatagerents: Myc}nmnmf rfxaginantrs roeleh, jomed alhemam;zecbmto the

o1 i ng BEte0y PERECaash B Bro8r nat SRRl Hhesd o Ooica

exanpl efo aotREirBEMERANT RGudteBantodubed dehd Didibal chdathe Ak fis@néathidhhe
j oi ned frafments are introduced into_the vector. The effi.ciency. of

j oi ni ng°¥eiTaar YEh Mersetenet aliheg ferriaDeng of te TEpmentip adurbrit sfo bioged.

vector hy 1@th€%§é&@(ﬂn§ﬁleﬁﬁﬁ bW ?Hﬁlbﬂrbié %egﬁrﬁﬁﬁﬁﬁ t}fer}é’g’iow&@edﬁ%h&gdémty
met hod whi ch enj[) oyS conpatible restriction enzyme sites. In a

t ypi cal {&$-otf mylic iy 2600 mwosaizrCVUS2HDY). 08 #asFuEsPe pimRetof yunks of
restri Cbbﬁ%@ﬁ&%g@r B 44 @Nﬁ ik B3 ﬁsﬁﬁcedﬁ’ﬁ %Fcﬂ dle{ﬁeﬁ.lkgoﬁkoéf sE@JeR@eVﬁEmf?y

the researc ngnru erts to e info a ve
However areipmestient &ssaeddxbfyhmﬁaglm dﬂ‘hehbwitmg\fmlgmema caratheebepricken acan

join about, 6 i.nserts inta r roxi mately 20-50%

ef fici eﬁlc?ﬁ‘*e‘&?mbf g?lealng Oﬁﬁ?atf‘ ?ﬂ@@gmsmé%| ci ency is high,
there is p108NAf @35&T thegbined, aneizﬂ@l@ﬁtﬂa@ﬁlﬁﬁts ma® bB et ACRAI MBIt Bay Bhe
background | evel of non-reconbinants can be reduced further by

i sol at i H§eHeddniod WaiRE PR gareis ésigaltanspedy Ep Hsieiging of éhqfe@n%qafssm
met hod %@%ﬁﬁo%dﬁ 5c9mn§)n qiag Qx:bﬁﬁﬁr\ﬁé d v%e(}of éaqlb@tdp?esaubz@mé iQRiInBIRASE so o that

gels) or a sl zing colum esired size (having t
cor r ect theyeed fragmgngs memt@riwed@mtedm \@9901 c 8l diciernyl dj@dinaadarge number of

Intr Od“%-ggm&% Pe.g"i 6 c?iQ&t f%gme%ts? frito X% ééch by arﬁétngéjoquxe }nvgntio'ﬁv§ gxe!ltgznth&A f

when using a method which employs compatible restriction enzyme sites. In a typical cloning
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WO 2009/ 103027PCT/ US2009/ 034153 priners, so the anplified fragnents
are 100% mutant; then the fragnents are joined by the nethod of the
i nventi onayg 200[,,9&3217] One enbodi ment of the invention i $ckRskd@d/sarss
cassettes, such as the 5-6 kb DNA nol ecul es representi ng adj acent

regi ons eﬁlﬁm@negeﬁfﬁh Adstrgeion BEzyafes hitd B4 PRA lifQe, pratabRitERMdt ML @ bathe
assenblies. For exanple, it may be of interest to nodify a bacteri al
genone, l%sﬁ%fﬁh%§efé2“§ ﬂ“t“é‘iﬁl?/@sﬂffsﬁf’ Hatte Jendneeter HoWeveh Hethe repahiy medhpds of
that one.OhdfRbE, a%sefaf’!:%exgc%ﬂ?aﬁn b@o:ﬁ%'xﬁE'eH@fn%ﬂa Qéctd}‘%ﬁatﬁgroxﬁﬂﬂél?%%@% or
nore addi tional genes is added. Such nodifications can be carried out
by di vi @ffisgenener geqqtmeFmﬁte@n@m tieds|tee effisiseatiebighetheye is @f ingibepgd raiopt
kb, and t

cont ai niagTpa Aaph Rl SRR TR b B BAP B R reduced
Fur t her fimrhey by fso]atmg s poke dhndty) @arqse gdteﬁ@dupimlazsv(amc@mgﬁ méthahandess a

simulta e usl var,i e of nodi catJ ons. of en

tor o b inaensie i al b A n Bty Tl SVt ok sanEE. A fiva of the
el i mi naukgRdeke QRO thd TR cORNER T offolhed DNNfroleille§S8£ BB sBlakkdlad ge
nunber wa%enorres si nmul t aneously, usj ng% a varjety of cassettes

cor r es pgHUEAEFAIBORHECORIC S 1§ NG TRk Tmigyentan c ity e gradyst is a circle,

assenbl kese isAbheLd t%*?é%lzlt@[t%? aQMH@:e,%l BEctFHfaﬂblfeh?dR§cﬁ&U§1@%§§ Jean be treated
assenbl ed, preferably in a roughput nmanner, the propertles of
each of vithanwenainid h geRosmid- Sﬂé‘ﬁ MEpicericadntA RidapendenhBNAisE g1t selectively
nmodi fic e e

or gani sﬁ&dhg egclﬂfé];l s{%ﬁé blgt% 8¢ CQIE#E%IIJA 3t t%gu%fh'g gﬁ%&? pr(((?(%’é %?fé-quuea
pr oducegua cu:mm thely ntm’y tteassﬁszg:eamo mesuro bf DiNgawitses thethresetopraopierrh irgs Eceudi
be conpar e The. entir gr ocedure can be repeated as desired in a
recursi ¥& Qa%lﬂ?”&ﬂp‘epa”?lﬁ %2] The di scl osed nethods can be used to

join any mobpllﬁoﬁ@érﬂbdmh@fﬁqbﬁl&d oiNA ﬂlb&mag andIdrONA Gl RécB1ed GisBrted into
nmol ecul es can cone from a%%osource i ncluding a cellular or tlssue

nucl ei ¢ VEPIa AsARPRceE IiahPst Fellg P8 2 BRctarinb oF HEDOlREAETE. b

chem Ca'ulaﬁ[sf&)iﬁh&?él‘ t%ﬁ@fe@H&l)e'A@teﬁﬁh@y IR ToR nﬂ&é&leedoﬁlﬁl%in? tl-?e%HRle&E)NA
cDNAs, nucleic acid nolecul’es obtained from nucleic acid braries,

etc. Theobnles cairbebatredudiding 4 hesk gell; able|tegye @N&Sawhlelmhaytcu@,@rr&lrwdm@mm
entitie i.0fi.nyl ate | got

pur 1 o B PR <Rh YR he B AR e AR, B Bl chBfien

J Oi ned, amrr/mpfraglrrmmts ifiertediot ngtovae hqulpjmgtly,egthomsfunnelspeqagﬂd:eauch acell
i denti té’ can, be 0 El;f‘r ed synthetically. Conventional synthesis

t echni quE8 F ALAIEE! §8ng phosphor oani di te sol i d- phase cheni st ry to

j oin nucl ﬁﬂuoﬂ%olbc}ﬁleW@%detﬁsds&ﬁ the iA%G8S carChedaisddront fidig ¢cdk&itidgal
nucl eoti des by phosphoro oate |inkages or different |jnka es such

as net hPi9srBEEhdh ety Pieaties the daisniayespethed wabbe evidsnt oxhnslilied woiker.

cyanoet fyl iRBARRHAAH Ghbe «IREARG 162 IR SEH wIBRIPQYENG: @,zf&é bicB8&Nare
or Beckman System 1 Pl us DNA synt hesi zer (for exanple, 5

aut omat esbddy aeriveai sanpasibleNeqyengrsioBrind AP A, mBequldsndn ore enimdopenapfi the

e B Gor BRI IPHI08S | UIRR, Ol 80 PPN Y,TBL SEHL Sy Rifng

al so descri |oc
53: 323- &%flagmmmmeuhee bethe aﬂadntmampih}netneaaem@shm imeh kddb)e, veatod

Nar ang, WO 2009/ 2?PCT/ S2009/ 034153 t ds En | .
(1980) " SSTBE6°82S NGt FCRHPIRErH e B e satray Riseiwis
as abovercayg Ia\@a# T8 ket O PO (RARGEES (G h i v SRk GRGws S €t s8Senibl GUDEAGR virro
DNA Technol 0 I DT), Coralville, IA, [0113]. Methods of the

i nvent i &ithat ea‘i*?é acb%h%néfoa@%m Ffmhaﬁaﬂb%matfa g DOH poJyREigse can be
t hr oughpy 4Bt an%no@lol f;gthte%cﬁﬁ%m' %ﬂg gy&%%g)otfgpﬁem of the

nol ecul es si nul t aneousl conput er - medi at e or ro ods
t hat doinventigneguibe esdduqmomhtneravxeh@m@ingomm ihfeat ie@ndo wpar double-

Nucl eot Ist(ljzfand'g‘ci1 B&\]%gﬁeaks or [gaps etl: %her zmphcartlloréil ¢ yﬁ}?@?ho%fzs ohl%tul)(p %€ Qtn{u ation

into a DNA. In this method, a mutation is introduced into both the upper and lower strand PCR

21



[0115] DNAs used in nethods of the invention can have one or nore
nodi fi ed nucl eotides. For exanple, they may contain one or nore

modi f i cat haRngeh/e3git her the base, sugar, or phosphate ppr@bi8He34153
Modi fications to the base noiety would include natural and synthetic
modi fi catimes sdthe Ampiieddragniests hrati0se utaag tlﬁﬂnftﬁeeﬁ@mﬁenmme Jognedrby the
pyrim di ne bases, such as uracil-5-yl, hypoxanthin-9-y1 (1), and

2- an1no§H@H1ﬁ’§“VPmeQ§e modi fi cations often can be conbined with for
exanpl e aj @qgfro&%%uﬁﬁént Sfthe ANERIASs & JOQI d&?s%fﬁé%xéiféh Ry the st@k@gmeve
uni que properties such as increased dupl’ex stab |f|ty [ 0116]

Nucl eot iidecaies repgeserting adiasent irapdqng @€ 2 GO drigepamapfgnigrest, Wélwg@ﬁmbmatonal
noi ety i

nmodi fi ca%\égglhgéso?% | ]gﬁ))[}ﬁnrlJtl %(l)tggﬁa%&g gﬁe%{%ra rt(?%%g }éﬁglsb g(\:/ﬁ/ée q&%&gﬁlsen rgll%c a%g wtative
nodi f i catiniors genbbetiok i etinsud geremapssd ttﬂatazlnsoi inood afdiee genesie ehimatate(cl@mt ain

nodi fication t he br|d fin

el eot AR i ontg B b eh Mo R K A SO A rcUlont B tRiearricd our
cycl obubykividhethe @8ndrie plawaaé cishtepald, affubanasyk, antgasrsembhng[ﬂiacﬁhed
Nucl eot i de analogs can also be nodified at the phosphate npiety

i s undeB&HEPYH %tlt‘ﬂtﬁ’&*’e"aﬁ‘i‘?ﬁ% E)‘Pfé‘t“%‘“%l‘herﬂ?a'ﬁfdl @%ﬁlﬁ%gbﬁ%ﬁ%@ ‘P‘i‘%ﬁ‘l@é@%“éette
bet V"eenF{JMﬁhﬁH&l ﬁ(?tt ik Q%I abiRo REohQUARe@ oB chadged énﬂﬁ%@o&iy g2 v‘éuet of
| i nkage, and the |inkage can contain inverted polarity suc

to 5 - 3mogdificationsof p gers: afintereyfathe edditiempt avarigiasalterantive senes. fhe@éma@iﬂan
forms a I

Heed onf’§°€eo°?1 ?néiliﬁg(%}égf‘egc laﬁe L | g&%ﬁeﬁ}b ﬁPg% dufiBk: &"é%luggéscsgﬁulgﬁ%&gﬁ using
mul ti pl e vamay bf @mﬂattemsnmpdmmg@mé}eo@uoﬂsanmbﬁmm%1ro¢ontﬂ:emmm assemblies.
differe ieties,. ~[0118] .Nucl eotide substit ar e .nucl eo

o ' nuct Al e TibER e oh RPN ST ety B Eh i SRbidgar
noi et i esahfde ta@gﬁb eMdebPath 8Ehs tloaifict Yt RSndsREh bElRsB® ledtr@snehaiting

simlar functlona roperties to nucl eotides, but which do_not

cont ai n"Rdg ’r‘f&%%’ﬁé%fp ehifsipkje POgRHeSN 1he SRR (LR RIS FRMPIENpS the

Nucl eot begnad, b?ﬁﬂst B d rﬂm}u’qﬁo&ahl%q)%cﬁéestahaai lew i dfkest g&@g@g aleo@msms
hybri di Zze to conplenmentary nucleic acids in a Wtson-C

Hoogst e@hose\ N eaiy/c20 Bo ormeTyd She Gor G pas durg ks repgntgd Wwdam @

l'i nked togetaer through a noiety other than a phosphate niety.

Nucl eot i de subsﬁltutes are able to conformto a double helix type

st ruct ur e[0dA2h Tihntlsclaeadl mghadstchn béesed o joarpartyhiiveleicarcglaholaudd saif gnterestd.
[0119] &Hbstﬁtute ? fhﬁ%fhos ate can_be. Hor exaqgle,_ghprt ?c{h.aind
al kyl or "eJ¢idarRy MUKt B ERA FPRRREESCIMRE 4 CHEY BB AT B g e 2t
al kyl  ogarple |kl ihghedte sikubeosdsdierbd iR GRSy OyntRREcOhudlEE 8eidd)@tomic

chain heteroatonlc or heterocg@llc i nt enucl eoside |inkages. It is
al so unBesiEE agd sipples: ARNAsoryclre asihmplepyipeohiaiagd fem Rueing aeid dikrarigh gtc-

the phospbaie, 1k 6t la%ﬁm@tfweq}hﬁbé]&?&ledﬂﬁ ga ﬁ@rbnhﬁn% &ﬁ'n@& Q6bh aQYncfEi(ﬁglated
exanpl e an am de type |ink&age (anlnoethyfgly0|ne

DNA nol sed¢aidesswhidhecan pigdn thequiridigsiopet ﬁmgn@szbPﬁSd&&cfeé%@hthet S of
nucl eot I

oy s BT o RBT, b REsTor AHELARLEBe B ML AR SR Rab e
can conprepsed slyritliem:ﬂtyt qunpamomﬁl slya&&ﬁs teEltmqtex ambide nsiog phassphcmmmdaé

t he base n uni ver sal rrql e.or e
Lo o Rl G T0 5t p BTt SEiterrieah BB, hefiuly fovisining
bases; amwudm%r smah@ﬁteullﬁﬁagaaswff@ﬁm bkapdi Mﬁh&@heb@ﬁﬁ&sph@ﬁat@ I
of the bases can be universal bases. One-step |Isothermal Meth

[0121] EnlkrosspEetisvbe the Torrantplonte syapgetiy R?Pﬁl}“@l%fi%ae* %ngbe used,
i sol at eQmFﬁ% &F a M *Pg%h%?%'eai&s)ﬁ Ritehd 1 PR DAL 'tH?:§1ze1 %d{ﬁhﬂb NG okdhB 787

nore doubl e-stranded (ds) or si'ngl e-strande nol ecul es of
i nt er estytomhied eynthashrer efi MtibgenrlﬁgwgwhoBmﬂlhgton,u Métcn BNA NMeded 681D, Spiathedre

pr oxi rm‘l Fh%gl; l(ljsréfucl) for mzﬁclfgeﬁﬁﬁ %lép nE ﬁ% gesglflbeﬁ% H]ﬂﬂg b af, %ﬂﬁ?ﬂz

Biochem. (1984) 53:323-356, (phosphotriester and phosphite-triester methods), and Narang,
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(a) a non-thernostable, 5 (5 to 3'") exonuclease (e.g., T5 or |anbda
exonucl ease, and/or wherein the exonuclease is not T7 exonucl ease),

(b) a crovghagoseest (e 9., PEG such as about 5% PEG peqfiseg09/034153
PEG 8000) , (c) a t her nost abl e non- st r and- di spl aci ng DNA

pol ymer asel., \Wndrkdils ExbA01t @ 980)35:62 8600 iR uasel Melhyd) €D19As p@pared by

pol ynerase that intrinsically exhibits a 3' exonuc]ease .
(pr oof r EEGIHGFS BOVE Gretdy: ali%’é?c%""%‘“lﬂﬁ’&g?% ATNFS SugiERFTRfgeyatgNANA Technologies
pol ymar:(iﬁjer) @&ag,ﬂqg xture of a polynerase, such as Taq pol ynerase,

whi ch | acks” a proofreading activity, and a titered amount (usually a
smal | armd]@iltlﬁl d¥lethpdseai 2havmavention agsinehalde traPkgrortioyBNT R adppipadn/tedigis e,

V\’hi ch h to h%u &R &Chi? ﬁg?oqtﬂ’l 0}n¥r) ofmt e NA m() ulBs Mﬁ%it L {1
fiognoo E P A His SRpatyhle

| i gase | ons that are e
for joi Iﬂbﬂﬂgutbzhmedihteﬂeﬁdi’bi mhmd)hlﬁhmltbmdbast 1IeQu1f‘€dTumaa istabyshtdont | aI |y
intact dsDNA nol ecule (e.g., in which a single copy of the region of

sequence i deDINA Modifichidaiane tuclaoiieoknalgrswhi ch unpai r ed,

non- honol .51 ngl e-strand are di est nd renoved.

2009/ 1030%@/@5@%’8@’? ’6§ﬂ%§°£ S ‘b‘fﬂ]ﬂoflﬁa‘% & gf%f“raé“éf Oirtm SHHEY fayays.
et hod, pkdVeicA@hay BRI ASEHi&, DNG)is GOIERS fuSEFondin $he BXRHH CA @m@d asﬂcblv@weadﬂy
Thi s enzymat|c act|V|ty can be an intrinsic ro ert of

pol yner d8@rmugs if afpgrticales modEicaten aliosts ta medifi ﬁ(tp)fmm;an &?057 yiRdeases
are t he‘IJEB 1%9! t?y anﬁ%@t’eﬁhg@l{@y éHz ﬁ%@ﬂe@% thghlét 95 ymerases which

exhi bit a proof-readin ctivit a 3' exonucl ease activity).

Al ternati Wiﬂﬁ} %Aymﬂalsmf:(hoyis ¢fdhe meelalom@nmhmtqngm wbregnodhedmsleotidds.
as Taq ) | acks a_proof LV,

7 r at el ORI fe PR P e R RSt P bl B prormts
such as nfdusies. o]qfﬁmfmaudlﬁrtﬂ'm@b)lsepﬁdnywca&emcmm ﬁmmhamday&heteomwﬁtze@se

activity xon | ease activity is eful, exa when
"L bGP At CudhlfedPuute wusiihe bbeh sl HO G 1o the
ends of hihsakhiN-99] @ UhES alrfhdaBenifbRedBasR. rﬂ)d,ifzdaﬂox%rcﬁ@h chib@d dnoh RAGRh
anplification of the nol ecules by universal priners, but then to

remove (HEXHRPIEBSUEH RAGEIEPR s4ChRid-Rgmetheys bridPSgYE Jisde Popertipesuch
abilitygt ﬁcg§§dlaQP%§@t%91hlt3prl mers to anplify DNA nol ecules to be

j oi ned, and then be able to renmove during the assenbly reaction
the bi ndi H&ldbmctﬂsmdmartaﬂfgbnm@mjinebdmpdrﬁlcaidn@mi thheuganimpest sal

priners is_an t
advant aa&ec}%(l)tbca{ Ifsgtg’rtrl%?t%%% o‘? he M n\tl](eﬂr'% ?%‘J'r%mflslg%{(ﬁﬂfﬂt%nseo%tg% lgésl%%llf)NA
nol ecul dsoxwhibede ak mielliagk ynthdtia ckodiicaptios pliadifidddugats endbl e(lﬁa 1gc1udeDlhlé@ that

repared b ation), even thou ted en

P P e G rtin iR 8 bR sRg R ugti Tab 2SR 5y Riinedtdh sty htlogs
because niahQisd’ ha&x@@hhclhﬁﬁ&@s s ab byd QBN @foidties B kdeds Shef fepibiiRgos §l sugnd
of a subsfrate DNA, |eaves 5 phosp hor%ll ated ends. [0124] Wt hout

wi shing t P18El Bhiskatissaniaes sar Q‘F(t‘%ﬂ mpdifipbthe phosphade Boigledt i gndeigpod
wh th t
en ha mh&é]%h% ﬂaﬁc&@%{'ﬁé&l %lf’%‘ﬁléiqu’ggi% $Ewkn %ﬂc@éﬁﬁ@s@an be through a

tenperature (abo 500), pol ynerase is
abl e t o3"Wilinkagelps a@oﬁrﬂi@khgei, mrdlw':tihkaghearemrmmiwayei Rdarity such as 65 thatd’
t he gapg by, estj.on. W exon ease are fi in by
t he pol y'rr%?’faggygub\é f% Irf/nxle%’r‘\’r%m di‘a 51 %a% e ithe boép%luéegr grtela Thi s
i s achi aﬂ@dst@c&hamsachhﬁdm@mgsh«mamly onnadt a tihge mmstfﬁbdicm, batast dises | S
weakly active at the E%J evat ed te?r}})er ture and is inactivated after

about ~ 1697&1 HuiRle Brogicptons pahin TBYENIESHS E)t&e%é‘& &8t PgIvEEY- ons

wel | at ttthmete%fm@m&tuﬁ@s amiu¥leiitel BEnIcRRGHE AhldeQ tat hhvelHad e
gaps; the nicked nol ecules thus fornmed can then be |igated by the

t her nos Phgspbate mgipSieandsy sygarimaetiey sepiased Naglogtide sibstimesincluge raplpges
that cag, iGN dnaBhroferi&BRLALIHEs, Bt Bhich 8875 RRAM 2 ARGHHRAC

moiety, such as peptide nucleic acid (PNA). Nucleotide substitutes include molecules that will

recognize and hybridize to complementary nucleic acids in a Watson-Crick or Hoogsteen
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[ 0125] Because the buffer conditions for assenbling DNA nol ecul es by
a method of the invention are also suitable for PCR anplification,

and an ass@ayhloy ¢yt ure al ready contains Phusi onTm pol ys@?,rugﬁmmﬁgg
can be performed foll owi ng an assenbly reaction w thout changing t

buf f er e@ngért baRehich die Diledeshat feaigh Oncetyasise Hahy phssphawpheited, t he
vessel hol di nézj the reacti on conponents is %pened and prinmers for, PCR

are addéiclepfidesbititues apabls dpenerabie ArietPless o ypp sHucsde Sheh Hitghating with

the pri gy SpAhfaRlieadycierntal ned within the assenbly mxture from
the start OF tp he reaction. In this enbodinment, follown asserrblglé
gin

the vessel0ld8bsSvhgitntains thephpehasenrbe foisgamie shorchasnaikylon crdaal
| mredi ag, é1¥u§%§§ d%ﬁﬁﬁ?@eg % {19&%&%&%&‘1&3{ 81%‘5;@%51%%1 1%%{1&%&1[%@{1&3%&59%
e m e

cont ai ne asse m xture ecessary to a
pri mer s ontoexcesBort ehajn hEtEIEQtGﬂﬁl arlMeteafeyel@rimelnuplepsiey Iudmgtese Atis atsb ons

in PCR ual 500 reven adat| of S or. nost. ,of
the perpre e dndy e Retds ufu bt EXBLbu b P G T DedunB iR pap R el o
[0126] KKidlsotiderar Be ¥eblat&l, b@FdtieRgnplv@n hideny e 1dmu«m (emtcrea@;geﬁu{eql BINAY.
si ngl e-strand the preferred i sot herinal meth

conpri se, ({10 g @%ﬁ@?@e%l’iﬁf’ﬁhﬁé‘?"emm“ can be mayie 4p pbdilicrrat WB%%%B‘P@"'O@“ or

exonucl @RSEmE By -of nﬁ\élé‘dtf%lle@ TH&%u@P&Qﬂde% cﬂ'@b@éonl;ﬁﬁ&ﬂéf EXQNHEL Ra$Ebase
wherein the exo is 15 wherein the exo is not 17 exonucl ease),

(b) a crowdn n@tlegteﬁpot(de) ghd cape@npyiechifersntaens of ot PHGr g@a)le, one or more
(c) at BF(hggﬁéeé‘%?b eddal B‘ﬁl@s Qh&pds?cdlﬂgp% 9. MHEfnﬁél@t ;ﬁfﬂht‘:ﬂb% to about

exhi bi t exonuc ease activi mer ase
i nt ri nsb0@ldf yhechebdstriat be anigérsabaseacdbenis % mrmmeroéaﬂh basps cacbe wiivgrsal basehy

as Phusi o nd VENTR(r) . ol ynerase; or a mixture of a

pol yner 8‘5@?%@%&”&%“@% ‘%b‘ﬁ%‘%ﬁ%e, whi ch | acks a proofreading
activity, angd a titered upt (usually a small anobunt) of an enzyne
such as Phus&@#ﬁ%@%ol ynerase, which has a 3' exonucl ease
activity) [o1@mf One aspect ¢ftthe BavEkth DS Akieo he¢as aising. 19}hteclT@% Jstigk@a@ihlly
in suitable amounts such that, when dsDNA nol ecul es or

ol i gonuBMERd aeseiny. £rdeing tve of Har q&%bﬁewtlﬁwd&ibé §eﬁe&1€efl a%fleé (55t Bbe
buffer cpRERLbf ARAR %}QNTIP&E AR aég@&hﬁttﬁéiﬁl S%Nﬁt}g&!&culéamhabmm

at about 45C to about’ 60C, the DNA“nol ecul es are assenbled, in a
concer t exgianed¢hd sgaond DNAQUalgquly of egefepadinthertiaregion of mumce 1d?emyr ¢agRpising

t he CO”B%P?A?X@ t]%f tﬁ{!& t? o AR AUEIED e'.sﬂ?a @ﬁgﬁl@‘l}?&s& a%é&l%% 6?)'38"%1‘; n

Exanpl e i nven I on at
about -20C. (a) a non-thermostable, 5' (5' to 3') exonuclease (e.g., T5 or lambda exonuclease,

and/or wherein the exonuclease is not T7 exonuclease),

(b) a crowding agent {e.g., PEG, such as about 5% PEG, e.g., PEG-8000),

(c) a thermostable non-strand-displacing DNA polymerase which exhibits a
3" exonuclease activity (e.g., a polymerase that intrinsically exhibits a 3’ exonuclease
{(proofreading) activity, such as Phusion™ or VENTR® DNA polymerase; or a mixture of a
polymerase, such as Tag polymerase, which lacks a proofreading activity, and a titered amount
(usually a small amount) of an enzyme such as Phusion™ or VENTR® polymerase, which has a
3' exonuclease activity), and

(d) a thermostable ligase (e.g., Taq ligase),

under conditions that are effective for joining the at least two DNA molecules to form a
substantially intact dsDNA molecule (e.g., in which a single copy of the region of sequence
identity is retained, and/or in which unpaired, non-homologous, single-stranded DNAs are
digested and removed.
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[0128] Any of a variety of 5 to 3', double-strand specific
exodeoxyri bonucl eases may be used to chew back the ends of DNA

mol ecul es yi,dubgesgBt hods of the invention. The term "5p-gXQnushBase”
is sonetines used herein to refer to a 5 to 3 exodeoxyribonucl ease.

A " nonpr o¢erRg) Ve thedpiefatied RaHhermaltheth®aCthe 861@nBrasd 6f (B)lcopRiNecd Easenichkade
degrades a limted nunber of (e.g., . only a few) nucleotides during

each DNACHIeiTHé caguntic ngléss%m&ﬁ ARHNAEC BropeRoRfiies edyBepedalidds 3

si ngl e- %Hrﬂ'@ﬁ%u@i\ﬁﬁﬁh@ﬂ%lﬁ'm@ POy ARL &S Yl B fiemDRRE, 1%%ﬁnd-d1splacm
properties are desirable for  a 5" exonuclease are that 1t |acks
3" exonlNAaskmausesnvhigh eihibityepiephteeding actphiy $p b erxenustedss, acHmidy)i t

unphoapRaF ey 2f Helfers ERERELE s 2o PURRE P pRLRR SR s Translrotio e
di gest i erhidhriadks hipeoditeading acfvitg, with e durhted amW@t (usually a small amount) of a

2009/ 10 027PCT/ 1JS2009/ 034153 whet EA]«?r gﬁ h‘E lunt e dé or it has a
smal | 5thegposable polumeiase gl 35 Fpsiognl 8" ¥RYA fic PRHEEERSH T H¥Sdvi dent to

t he skl bl &@nﬂ@ééﬁ@ﬁcnvﬂbemslan&dougﬁeas@aa}Vityﬁ).h&gﬁﬂ Tor S4LPLCIBasE is(REagR:
T5 gene D15 product), phage | anbda exonucl ease, RecE of Rac prophage,

exonuc| &nads seuyencesyeh & privearibindiigaies tpithesnss of fhe KNA potesylss begewe

pr oduct )e 9 o2BYi0Qlo® PEA arﬁlszyﬁc%oéof :ﬁ&ﬁh@}é@ﬁz@@@@u&t@;m ﬁﬁﬁelsr‘mltﬁé%% in
honol ogo reconbi nation reactions. I n one enbodi nent h

i nvent i osmovehke pxoerinidesetes durlty thx anserobly aseedure] ﬁhfbd?ahtexr@nmin@@s@

I n anot her e od| n 5 | e n her
embodi meh {nmr[‘o RETEXT nucﬁé%@%culﬂ(eg %g% %nﬁjﬁ An net§ )éﬁ 31%'1’@, é%lgeél%v ]tuﬁ@g%f or
pr epar i ageably esiting tlexdanlicd dasess 1am1da mbilaeﬂesaminymﬂhwemp loiyedalipmimers to be

met hods of, t he |nvent| n.are conventional; and many are avail abl e

from coltfidy Bi P HsE a5 PedeA"YL  USB Corporation, 26111 Mles Road,

C evel and[p1@B] fidlesta O tﬁi@ﬂﬂe&f&@loaﬂﬁlﬂe@h&bﬁ thdt Bfe cz(nl)ExB)DN%Qﬂ&émb@t y
Road, Ipswi ch, NA 0193% 2723. [0129] When a 5" exonucl ease i s _used,
si ngl e- tyckriasallvlaek ﬁaﬁ@@hél%Yéﬂt‘“gféﬁ"f@Féfi%dDhlt‘\Sﬂ%?@aGd b R§ Rormpbijsation), even
ol ecul @yl S pHeaHARl BeeAPR A RE (o bR 0 jof 95'cnl iy FRYEEHAGS THRT
forma ci rugﬂ gtborélg{&%e?t ?oce lﬁlres aregl nt?loducecjmto % E P >
exonucl éa@esedhgéwpmk@ﬁe Bhdsand/es reglentides frovo hhest' prchefdi S$1b$f€€¢ﬁ RYAbigaves
pol yner as e t hods of the invention nust elongate in the 5
directi gnp%%%%ﬂatﬁ%rﬁ%\;r nol ecul e. Because no priner is available to
be ext endend2dh Whieoud ‘'widhreab éd bgam byeng pRiauiapiheay) ieiswhghteti dmt, byden the

chewed back wi,th a 5 exon ease, the gap cannot . be fi dinby a
Pl yirer S0 <GHEOBABTH TSR 5% VT HE BREF BT ERE ROt bt abofo

be j ol ngd-@I Be PN L bI§EhcfEeRIBRAE) WEO thd@WmpetiGort Weh tiRleRbMRleaddMBtivity, so
nol ecul es join to one another to forma circle. In another

embodi nit¢ theygaps foanerbley drgstips Wb (heaonyeeagedt gHadiny e BlYRREY becone

I nt egr atad a'nﬂﬁlﬁl éﬁ‘fzﬁ&& MU D) drStRS@ PRiS RERhieldd Belfisk BRGb AR ease is
m xt ure. ter ativ In oné enbodi ment of the invention, the 5

ends of noﬁhelmuﬁbhaandm irpeddybhayenhdt chraed wmperajud pabis alﬂetltﬂt@caf@d

so t hat I i

o0 ot o nipy B R RRE RN VARSEs AORINmINS: RLSGL MIBORIIAS 1

be j oi nethpeninge adrivéred the 1ea81uinttalﬁllan I eqmles; nige mg&ﬁhﬁolz:uﬁlds tl’;]ﬂ fﬁmegenm t}te@
or ot hi oat e bon

t he ski Kk Thes cl ud sph

spacer hﬁf%%f%ﬁ%%&eltmgﬁ%%&"éia cﬁéél H‘%t%ﬁg@b? Stpme s gRgR eﬂéyrlq%that can
di scusseghcebsouher ﬁeﬁ@éx@hﬁbw&%ﬁt&@aﬁtdw?@-m*’@ removal of

non- honol ﬁﬂgus sequences, it is desirable that a thernostable

non- st r antdsk gleagisadie tkiar groKifioas fos assemblieg Qé@dﬂplﬁc%%rm‘t%@rhﬁd o the
i nventign, Bwpﬁf hiSo anéble%ﬁl%ﬁ !ﬁg %1(18}1 %% ah 9&%?@%&&% Miéaé( coNTRRY

sui tabl e ol ynerases havin exonucl ease act|V| y are
Phusi onPhugai'y mese,\PEl\RTR(nrt)e pedbymel falewing aDespmbantacpoh ynthewts e

(which haye: St ended SREESS "t S&lmtohnal SRt REdnitY 1R pRted, BRIEdsel
holding the reaction components is opened and primers for PCR are added. In another
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WO 2009/ 103027PCT/ US20091034153 activity. For exanple, one can use
Taq pol ynerase, plus a small anount of one of the pol ynerases noted

above t hatydayei1a3027£Xonucl ease activity. A skilled wor kg gapesaedi |y
titrate how nmuch of the second enzyne to include, in order to achieve

the desiemdediapt) fHe @PimeexQ0 ULt RAaSen@iIGEd Withiy the assdrlP Hixthid fFemheQtarttdTehe
exanpl es used herein, PhusionTM pol ynerase is used. This polynerase

i s desi Faslien Jadhisgebodimsptgfodonars Etﬁ‘t‘?@t‘}él‘ ceeesse] does gt 1EﬂVF§° be Piregels and
degree %te ﬁcfﬂﬁéatﬁaﬁ can betl%ﬁ%ledleteiy dndf %ce&ptsdmettaﬂtgut BiosediBt NREerf ffiners

€
conprise an 1sol at ed : substantl ally purified) enzyne having
a non-t ke cm)@mb methirgthe essgmhbl reigbee, dloniwbhe necgseary to adighe pameis Feexsessor

| anbd
c?omﬁngxgggﬁ{)&ﬁzﬁgﬂp@%m@égf& %Qllléénpﬁ ong?r‘s]gﬁlgl na]11 concen)'g’ r ?%errtl ‘ of
PEG- 800@}gradaeipf iof scame drgodsabetle tPﬁIRrpmmﬁsaby the emmekhsreahddg tiplasseinivdy DR

pol ymer as hj bi.ts. a. roof r eadi ease activit

o o o B oG Ao SR s BT B (s 0 el
t her rmsmMB tHR PRefEiré BiRSthethRPhtoALoRiNAs ) M yﬁtﬁglaaemwﬂmch does not
exhibit a pr oof readi ng 3' exonucl ease activity (e.

pol yner ase), @n cHAY %ﬁt@?ﬁﬂbﬁ P IEXanusifasesiSy “éhﬁ’é’-l”l th&ﬁ'b‘?,l H‘tT a

pol ymer ag@,ddaybiiQiedse3 wh&%&ﬂH@Eﬁﬁ% &5a&hd Vi ile dx8-i9not ﬁ%&%h&%ﬁ@ or
VENTR(r) pol ynerase); d (d) an isolated, thernostable Ii gase (e.qg.,

Taq DNA |iga$s). alhe/dmg@gpmﬁegtt BEGH sugh k§ 2boof 5B REG-B9Mt i on can

i nclude a su abI U ol I t, pH
about 7.5 (s h a§ 1-]%'Jllgs ble Oélu%:ntag lesiﬁ\[gér:%t% Dg\%g?&k}g%%faw@ﬁgég 5?11?5 dNTPs,
aln e_nergyexsmwiataee 4c31uﬁp|(ca§ aﬁsﬂ'@yiﬁmab@tﬂ)t mtameipallypkh%ah Byexoaucdens¢ abl e

cl oni ng vect or as, a ese conponents .can
e bachABR SARS SIS et rofiaionss e bRE bRl polGE e T e or &
vessel s pollymheidt, @bcmﬁraq%w&@s, \Iz]ﬂctb@citscﬂ mﬁtsh@aﬁ]g&dﬂﬁ@ aIQfatﬁtBﬁd amount
corrponents can be present in a ar%}er vol unme

di st ri bisadly qemadl| Huwe dan eayme el a3 I?talﬁw%%t VIF&TR. H@Iym@aﬂéﬁts ML has a

[0133] é%x%ﬁ%k@ﬁa{wky)t a&Pntains an optimzed 1.33X m xture of Tris
pH 7. Myd 2, the four dNTPs, DTT, PEG 8000, NAD, T5 exonucl ease,

Phusi onTM po@neraa@elmdﬁmldhggaﬁs@ eariihg hﬁmebonal ly, an assenbly vector.
A kit of the, n'srt‘utgb% @a%dtés&ﬁ”l%t %vﬂe%é d@%ﬁ argglg dd ¢ {I?tg}\%'h &{u%leogdéé‘} teh

t he conponen s are’'s store zen
-20C.  added13die Kitnin dregrewbadit rmnttatﬂ)&f bitffee cd:mmsntdnmnd dBITeE argf maul:{amdlfcnof

dsDNA or, ss mal ecul e e cl ch as 6
Char ovabdid P50 TG ar tgbaEC o Sl OPE 18 DA Bt Bl e B etbis
W t h 15c4dckri@f rebdtmnm xture of the kit, to gener ate a total of 20 'AL.

This mxture is then incubated at about 45- 60C ( e% at about . 500
for about [875dn ppseiplasiment fhe kit somprises #s cmperenis 4 ticdlzonyelpatiss

whi ch th@?en&ﬂ‘f%e@h@ﬁﬂl %méﬁml %h%ﬂh@uﬁ@ﬂidn%‘% SEERRIens ¢, at
dsDNA. If desired, a kit can further contain an assernbly vector

(e.g., abwiteiing vector) such as pUC 19, pBR322 or a BAC VO

20091 1030&7189%%%991%8&? ke §' to 3', double-strand specific exodeoxyribonucleases may be

used to chew-back the ends of DNA molecules in the methods of the invention. The term

“5' exonuclease” is sometimes used herein to refer to a 5' to 3" exodeoxyribonuclease. A “non-
processive” exonuclease, as used herein, is an exonuclease that degrades a limited number of
(e.g., only a few) nucleotides during each DNA binding event. Digestion with a 5' exonuclease
produces 3' single-stranded overhangs in the DNA molecules. Among other properties which
are desirable for a 5' exonuclease are that it lacks 3' exonuclease activity, it generates 5'
phosphate ends, and it initiates degradation from both 5'-phosphorylated and unphosphorylated

ends. It also desirable that the enzyme can initiate digestion from the 5' end of a molecule,

26



[0135] Optionally, kits of the invention conprise instructions for
performng the nmethod, e.g., instructions for designing

ol i gonucl @l blesushe be assenbl ed, and/or directions fopcghkithdnd:B
pool of oligonucleotides to a suitable concentration. For exanple,

t he i nvemnteesit M&ﬁuﬁt@hﬂdxﬁh&'& 23Rl ok80retdredd qadl- Sﬁftaw@&h:nucleases will be
ol i gonucl eotide in is optimal for assenmbling ght 60-ners w t

20 basecH¥@HIAps. Sk@ti‘i% é’P*lﬁ’bt Tisainchgproneatirge b CYPRFEaS (E 15 W&P]ﬁon

i ncl ude Fﬁ)d@@@'lﬁqhy@la&gﬁﬁ é:&lnucléﬁé Re@E O?R%Plloﬁhz@‘ét&@n@c@&l\é@’\il@ﬂ%ﬂpﬁ rc9)
can conftain ei g O-mers wth base overl aps that have been

denonst phmdfﬁqzoa@é@ﬁ@(péam%gmﬁm@ﬂuef) sy phy entehoef, 5’ eeconieledse glat gre
vector, ﬁ}dg%ﬂ\s%? %yg g us'ﬁ‘-: lnrbzn% Sh %%a%ng O?Ito%'e%mbbgh{n%hp&l tﬂegltn%ntfoge

assenble |re |ns ructions for trans
assenbl de axoxicleaee is ﬁﬁ@xanmwateed:rllmnhsﬂaoaxomrcgam Man@th@’rmamdﬁaencol i, and

sel ect for transfQrnmants on _.an a ntain medi um
o oo IR SRR R P ielafn Jf oS epfRafintent o SRl GOt Phage ! ¢

car beni QU|elxd)1{th:Etseaﬂ@étﬁéds'fb1n§1epaﬁn§ lzhd Gl @Joﬁ@cl@z@ﬁlfnﬂ%@la BiSdyiids BinPlFed in
concerning suitable strains for_ transformation, paranmeters for

el ect r opweds shihe gventiqyise SHWENIFRAY ARCRRMEHC WERIRBIg from qameFialegiase
aspect prov (ﬂﬁs% @olFBaRGH 26 PIPIiIS! REhd, BENOAR, Rhid e 28Sor PG BrgisR DNA

nol ecul es w't (a) a non-thernostable, 3' exonucl ease oper abl e
in the Bntéslenhle OYERINFOSCowmky Bind; hllwwbrm(kl%ﬁﬁ&bnds of the

doubl e- st 5@?&E%gﬁoﬂgx§rﬁ%fegs% lf Bs%d‘?( ipgqg St zﬁlttigc?l)\%}?a’ﬁg%g%gne?atgd’ {iﬁ'ﬁ'&g§ end

conprisin
(c) a thebhestalkbdenohicls tmncbed'emxeamm\@s A thohyherlasenndomp agatledrt o

et v LB S St For s PSPt g iaudh EEiess BRIl ORaE R anc-

l'i gase, dipblaciig SR Sol§inkBdds@sed nteethdds los He infion fieéhelongate in thé G)dnectlon
dNTPs; and (0Oa suitable buffer. [01371 The exonucl ease 0

(
r ender e&oMyRRINSdnelecule. HBEGRISE SMPERST iirgaijablego be pxfeydedp @eéx@ﬁ%feq)i gasig e
i's acti yy@hofkchR\WRficH IBIBEANLENE bk With F %onucleﬁsfélt%@léaﬁf DenBAUMITRE G5 €

of (b) may exhibit an activity tenperature between 37C and 75C and
t he pol yneralyaerassg Imeongembodimghioafdha inventicanpe PatAumelecylps tedgtioint &t ng

to be b I n at i i . o
ot ns ot gePul?] o FAorrRaRRuIT M RESIL IR S i e
At the Bc:ino\‘/het ymb@:hmemtathan@nedmIdAmnledaﬂHiwdaﬁrs@ﬁaSsammmeaade frivegrated

T SR S9bb et e GBS 508 B o
the invention, the 5" ends of the terminal DNA molecules that are to be joined are blocked so
that 5" exonuclease cannot digest them. The blocking agent is preferably reversible, so that the
joined DNA molecule can eventually be joined into a vector. Suitable blocking agents will be
evident to the skilled worker. These include, e.g., phosphorothioate bonds, 5' spacer molecules,
locked nucleic acid (LNA), etc.

[0130] As is discussed elsewhere herein with regard to the removal of non-homologous
sequences, it is desirable that a thermostable, non-strand-displacing, DNA polymerase to be
used in a method of the invention exhibits a 3’ exonuclease (proof-reading) activity. Among
suitable DNA polymerases having such a 3' exonuclease activity are Phusion™ polymerase,
VENTR® polymerase or Deep Vent polymerase (which have strand-displacing activity when
used at 55°C or lower), Pfu polymerase and 9°Np, polymerase. Alternatively, one can use a
thermostable, non-strand-displacing, DNA polymerase which lacks a 3" exonuclease activity, if

one also includes a small amount of a second enzyme which can provide the 3' exonuclease
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WO 2009/ 103027PCT/ US2009/ 034153 [0139] Preferably, the ligase of
(c) is theinostable at 75C or higher. The |igase need not be active
at 75C or yhh 9faehozoput i f active at a | ower tenperaturepctC@éhisydst Y
nmust be present when the tenperature is |lowered from 75C or higher to

the | owagtiigMFer adadipte, 0fe Gin us® @& polymellalel 0k alsmall BgroomtdI0be 6 the he
invention, when the m xture of conponents is first incubated at a | ow
t enper aPabEeraspointedsrpoyshat have 3’ exgruckgsrictize) A skifled st eanggadilyjtirate
active gpd 0w tmeéon%n;ﬁﬁe Wb 1udhin! cﬁ'déﬁ W& adiNAre RRY QLOTE Btffouin®

inactive due to steric interference on the part of the bound

i nhi bi t icherombéleasy agfiMity. as an anti body or biotin. Wen the tenperature

s rai Sedgél%:l il H% @B%&ﬁ@iés%s@é‘?@%@h%% g?lsy/ne s AROM. M9 the

exonucl ea ren inactrve an rase i s rendered
active qmslyhfemsarstdekxmﬂ:jﬁ isticasocinaing tifer proptiies, atyivis adizh dédheact ﬁm&hty

tenperatu red 0 .about 6 the |i eis ve t

the gaps. 01327 oy B Ehad Gifs B meetemrerpbSCaF ol Bufhie &t oahiany' "
" one- st @prifiéd Bdyn@ haking aaloﬁltminestw@ej edhuElRase QeS/ i1y qL. g h a8 @xbiihiclREse or
opened during the entire reconbinati on procedure, in a thernocycler

appar at (AybdarERoBKieagy by pEBcRureT? exaprgees (2 Gredipgagent, SuEeAs Fithed
I's i ncug@% ethodf 5B FhalidhBefi0Rs Basodd)! i) Had lweeaot%m{aa enaemu%nd

rendere nactl ve through conjugation to an anti body: DNA l'i gase;
dNTPs addplacibg DMk pelympratd Whish mluhltsad wlogﬁeatlhe%emnzglﬂ@t ﬂ@tl\a@t(f gities.

The t emgrs‘%q |K’[|%£ I\’%bf’[%olf/rh? & ) Otl I(lcéﬁgan 'Aéo cf&%f %Eﬁgﬁgle%éﬂ s%'a{ld dlS%l&Cll]%

exonucl ease i'S I'na heme
and t he DaNA phigaiyrabeghiel dbes rak seisit apmeoﬁeanimgqudmﬂélemlaymtyas @,, Tag

resulting in actjvation, Thete atu ecrea ed. to 60C to
Conpl et BSPRESaL PriEBREeT SHihPTEILa erbi! G I Edar g ¢ he

ni cks) . 3'exohitldhdd aoﬁﬂﬂﬁ@éﬁ?nﬁ‘lﬂ@%nm mavmm@go@fnezda@ hm/(aman Bolated, t hat

the particul ar net hod ows exonucl ease activity in the presence of

dNTPs. WReEROTRPISIENT (et BPafeNAJiga) b ther pRIRRIneRs af a kig ehida iyAtiqRsan of
exonucl %ﬁfae 'alsbumr Wickep 5@15961# Q\Jh%%%msﬁgeswbwfeﬂ . p%o@tr’)e:? ?s‘ﬂ@l?asofms) a

dNTPs, wnile the exonucl ease activity of DNA pol ynerase 1s bl ocked
by d NTPsmtatI:ﬂmoumh@deIﬂ@l» ge o ANEPeag enargy S@W(@uqhsls Ad Prre@th P ard, op

the rea npan e t 1
cavan agei a8 it SRR (LR R RRALR Pl s ke BB g
be per f be pitaged v hinboyts astabledonpiingleusee mandiv matli vesseby ®tvelith DNer

systenms_kno t.he art uire transformatjon into a host .cell i

o) dor T BabE: 1B b F SOARRERL TR b Ret Bty e agithm
enconpags&aese cﬁstl’z&ﬂ&i In SiqeRts biltaBietbOintRidMgl joihend eg@isps. such that the
transforrratl on into a host cell is avoided. This is Eal’tl cul arl

useful i f [4138] Myicgreeplaaekit eonny watmigrMolPambdure 6% es pig 7, Mﬁﬁb éhet |

and t hug, RaNT®R! et CPE(‘}‘ ?@109 R A, ARk SR PhusmnTi' gélg’%l aY@tTaa H3hfehd,

advant age of a nmethod the invention Is that th
over hangptiamby.repsicmdly yastorhd knd|teonyeiéioprsasueredy p@h@d 1jt s@@mwnweun

one- st ef RLE0GS: A9 NOLLOXR! Ve [ eRRL Iifa gerdar ARG 3prcover hangs.

[0134] In one embodiment of the invention, 5 uL of a pool of dsDNA or ssDNA molecules
{e.g., oligonucleotides, such as 60-mers that overlap each other by 20 bases) to be assembled are
combined with 15 uL of the mixture of the kit, to generate a total of 20 pL. This mixture is then
incubated at about 45-60°C (e.g., at about 50°C) for about 15-60 minutes (e.g., 15, 30, 45 or 60
minutes), during which time the DNA molecules assemble into a contiguous segment of
dsDNA, If desired, a kit can further contain an assembly vector (e.g., a cloning vector), such as

pUC 19, pBR322 or a BAC.
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[ 0145] Anot her aspect of the invention is a kit for the in vitro
joining of two or nore doubl e-stranded (ds) DNA nol ecul es of

i nterest, whenehizpi/e distal region of the first DNA nplegybBymilshst he
proxi mal region of the second DNA nol ecul e of each pair share a

uni que r egeis] cmptﬁxaﬁme R eof dlemveiition compHEd ﬁbtﬁg:tmlhd'foﬁpﬁfd’l@h@ the method,
cont ai ner, (éa a non-thernostable, 3 5' g exonucl ease
oper abl & «S’r»ﬁnstﬁﬁé“%s lseignige OHWQ&O‘(‘% t%tb‘?;"r‘fsé‘Wa‘?IPFb a&‘"‘d irections for dl Uéljl-:

t her oS b8 & o ogfeb A 161k SilaBieicBEe A RO Y FBIAS S, Wh%@&?ﬁlﬁe%ﬁ]d that
chem ca nol ety In a terrper ature sensitive nmannéer to

pol yner abeut 489 el tedapmoligeaueeatidgiin § HLeﬁ'plérr@Etl lfmelssembélm’ el"ht 60 ngls veith
th I
et =B b 9 ord ol ks o 6L N R P e

nol ecul és by exaePidnodd porel alcontdldes c@m:dn wizbto(heededth NERSpvealaps that

wdi t, and t buffer, dded to t tents, of
Che. mi xPBRabean e TEIaE B ST buarert A% B oot skl Sk 410 “Ehan

10- 40 n0aties Aakit chdGlso@BftainNERIchBly of CheiHsbnites] DNAL Wlckigdd, Sisalict®@Ctor
the DNA nol ecul es are assenbl ed. A kit of the invention nay be stored

frozen, trénﬁcn ming thg gesgmbleg gigixture m[q)zg_ggﬁl]lb]p MRS AN R W Es %fco{rhz}nél selecting

aspect, gl 3tSRndned o Jh%g‘af‘ﬁh‘@ %ht%'ﬂirr%tg‘?@éthr}ﬁéﬁuﬁﬁ (J %V]S?an'alélts%ﬁatﬁé sehlfve
then 20 mnutes at 75C, "and then for ‘one hour 0147] Any

of a vamael{ey (aof.. By pUC:LS, carbdoighlirosamgiting, pédqltfqac also comprise mstructlons

exodeoxyy i b qﬁ:};‘ﬁ%? Etrzgﬁg’foF ﬁ% #%ngla ioh Ql%}é{eg%hfl& {:1@&10%9%%09 et ONA

nol ecul és 1n |nveﬁ I on exonucl ease"
refers to a 6 é'gg Eg%qéxi#ggggclease Sui t abl e exonucl eases wi | |
be evident t These include, e.g., exonucl ease
[11. I n ofE3énackieenipeafprétidesianuahdd amprising isoubmingl teadeDN4 or ss DNA

exonucl ease ]Isell Met hods for preparing and usi ng exonucl eases and
ot her eﬁ?i?ﬁé h‘BI oyed in nethods of the invention are conventional;

and many are(x3vaid adH-@einfRIbEOBTERE Gl casSOIFMRSIn tBsiBsease dIABITPs, which
Corporation, 26111 Mles Road, Cevel and, Chio 44128, or New Engl and

Bi ol abs, chefébagiithsy ends 46 thesianblsstigd DINSs wiokeRulene pysBiingie sranded

overhangs comprising the regions of overlap;
(b) a crowding agent;
(c) a thermostable non-strand-displacing DNA polymerase conjugated to a moiety in
a temperature-sensitive manner to block the polymerase activity below the activity temperature;
(d) a thermostable ligase, which seals (ligates) the nicks thus formed;
(e) dNTPs; and
() a suitable buffer.
[0137] The exonuclease of (a) is rendered inactive at a high temperature (e.g., 75°C).
The exonuclease is active at a lower temperature, e.g., 37°C.

[0138] The polymerase of (b) may exhibit an activity temperature between 37°C and 75°C
and the polymerase may be active above this temperature. Without wishing to be bound by a
particular mechanism, the inactivating moiety remains conjugated to the polymerase below the
activity temperature. At the activity temperature, the antibody becomes unbound and the
polymerase exhibits activity, For example, at 75°C, the antibody is unbound from the

polymerase and the polymerase is active.
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[0148] Preferably in the one-step thernocycl ed nethod, the 3

exonucl ease is not active as a polynerase. Conbinatorial Methods for
Opt i m zat @ 2009/103082149] I n preferred enbodi ments, the pg@iRahiBdiiss
met hods of the present invention can be used to nDdlfy the properties

of a whol e0139F | etferadB, theMheWI(®),is fhefm@dlaY ¢5°C & Mget NMTHEAidakeneed not be
expression, function, activity, yield, etc., of a polypeptide encoded
by the meéveet &5 %coidighst @@ﬁlféCt“’FWéa&W%if%%Wlai theragthyéy @tﬁb@%ﬁl?ﬂ&éﬂwhen

herein prOVH&.@: J@héw&é@ﬁoxﬁfﬁﬂ%ﬁm?ﬁe‘r‘ eh&l& t@ﬁﬁe‘f]&tm\é\@g 60°C
2009/ 10302 7P /U82009/ 034153 sequences that can be screened for t he
desi red ol@id8idn thermethodelihe inventonbubintbaméxtueiof corupingnts inltistigcdetedat

provide h . IS
e Ay o e e T e e
out cone gaps dnhthe D@ﬂbmﬂﬂb olid BNAgppmeReh id iRadtive duowi whelcantdﬁ'&iencecbnph@pmmf
that is n LN nature, or is I Mprovepent or t|mzat|o of
L nat uy 41 BorOR B RO D ban e iR EPeaRs Aot © o
nat ur al herBepens hhdke Bave. HeeabdPdsdd)etle eXoniElkise d@Rgbredinactive and the
conbi nations of natural and s synt heti c conponents. One of skill in the

art coulRNAaelvERGHe hirtdepdachwdsthomnabodiniisosiates §ra! the pelp@erase. When the
combi nat g .2l A% BER 46 St 6L, Eﬁéflﬁh% is acti J[a%éﬁln ypbatqver the |evel
at which reconbi nati on occurs, e I'nternmediate prodict is a m xture
of nucl ei (014d] d@le@nm@dmcngdmoi@mtsi auhag a toppisteal leyctame(lremﬁnﬁss@d, wlrich
testedfor | d.apd, in.the | her

opt| m za i ol}r{?t Ezggtt o b %e“edrﬁ”““ge‘ﬁggl 'é‘geﬁ%%%’ heé tlon ! 1%’ur Bie ntﬁf":ilmeoiC tY,CIam ds
i's proviageshtud) d&res'uch piotaiures nhestucuofohee]DNAppJ hgjopred is iaasbateliat 37°C

permt |n ertio Ielc aci ds .into expressi.on . systens that

Pont ai n RO Pue et e D SR PbD tar SR PR e sk R
The choiag 8ntfod §:0MHq TRV A SRE8EC AINESs adeRRAES corffatiBRUNISEIl GMhdsBendy@ftici N
whi ch expression is to take place. The optinmal control sequences for

any par gf@vitistr ThatcaHgedp btheriaifed sy %eAaétlseﬁe?@Pﬁéauwxwﬁ@ﬁ%edHtw ng
appr opr i akQydd AR h@»%ecﬂ%@fc @N’Msﬂﬁ f tH‘zlhﬁéaP'ahc?lh%ﬁn@ﬁod?%@élhé’{o cﬁé%gaﬁt@%%ﬁq
such as pronot érs, enhancers and Ser m nat i on sequences and assenb

in a nulMaq PINPchlymgn‘angembmﬁmacewmqméfmmmpeﬁamgna&hbred@s@emb@& to
control d nti. f \ s include E.

coli, ﬁmﬁ gac e Qt?o (gﬁwlsnga“ﬁ fe%s %n@l Sgzﬂvvgrhlt"a m?l?s it her uni cel | ul ar
fungi . I\/a[msﬂz] aﬁrhémbslﬁtageedflasn@hod sfaBcinvéronh icéhd (e pamd:tdazahcsbacbe used

as could plant cells. The.choice of g&sﬁs@h‘%or t.estin |bs admatter
of expePHMEHFIMBTAsT B N B resyse es N ohs ?‘8|“§ ‘Eﬁ“’ e1boRd b g e
hosts ap&tiv@hl mkdhaMbm, use of @ddnltlc4dRaH ptehﬁtsrex&hm&séwmwngaﬁnh& pR&dmedof 0
insert the coding sequences into expression systens, is used to

t r ansf e@NTPhevialsghopronuglense agtivity Rhil e RN} Bolymefiseis |blﬁ°é%fi ROYNERR thhed.
Dependi %9951{1@&0%@&%53@@1 m?e RAbMted bR& nﬁ@ﬁegafana.ﬁa hyd ANTPYih&lsEhdte

met abol i ¢ act1 cultures is assessed for the culture wth
t he hi ghtest value. The nucleic acid is then retrieved fromthis

cul ture aflu3PaHBNAeds Afusal NEr M A LAROL LhEH Shal NPCARSLEATE be

sequence Or Sequences. I'm zation i.e.,
codon uspagemet ndimbphsaﬂ coﬂfpdﬁterenommhatmnzsaktemn Otinee s gdderhd Inopatih wieeyart 1equ1le

optim zati ene S esi the n t conbj nat ori al n

achi evelf? ?33301 8 “? ‘?150% r 3‘%6‘?&?8% é’“de"“‘{“’gi@?]e“?\g/é’f?ﬁjg‘ﬁ‘gi gﬁ" F‘Hlem
vitro a§§s@éﬁ%ﬁboﬁ?§ﬁéé DRGaipBeY 8 RY uliBe teeRalcQuaiPMaUat thiiSmAtie BESa
Addi tionally, in vivo assenbly may be used to conduct this

process h°%§elhé§é?1ﬁ%dﬂab@\l@lﬁcﬂﬂlv meatioF die nycleefidsito hie reppirask wewld b toxis to

20001 104059 E8 1 EBbYRTDHs 184 A% ARSRORRNEL This process. 1O

[0144] Yet another advantage of a methed of the invention is that the 5' and 3' overhangs are
repaired in the nucleotide produced. Other isothermal one-step methods do not involve

repairing the 5" and 3' overhangs.
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[ 0153] However, as to the various reconbination systens, the initial
steps of nucleic acid construction differ in their conponents.

[0154] Fokysaf@fysepti m zation, as shown in FIG 7A a spegdiRguseguance
is constructed as shown therein by varying the codons In each nucleic

aci d used[(1@5pyaRiE: @sgebeof GRAhAGtIE € BUBHERY tHBSn $HHBining Jf him omﬁmea
protein that i1ncludes |eucine, valine, glycine an al ani ne

assenbl denble-sandedi{ds) B melegdereitucirpleracieMdhedefahiegipp of thﬁé%% DNA

i ndi vi dyaiec3tAQ t}%(iiigﬁniaﬁe}éi%ﬁ lofhe s@énﬁ N 2R R cOMSE bAR ég‘%ﬁgﬂﬁ@ta%mqﬁe

m xt ure cont ai ni ng “al he nucl eoti des shown in 7A can
assenbl exgidnoftshgicoor idetity.epaerising 1aasinglglcentamact i on m xture as

descri bed abgpve. The S t |

| f desired, g\rﬁ ex p?%ns{s}lf%onﬁésv%{(}t o% l §g?)10%%)1845§§gé Qﬂg gldtéiggl&%g ur e
provide the @ontratrosdingeness autonatlcally at this stage. The
assenbl ed co ng s uenc rovid furth W t h exp re55|on control

F necessar y© s ot FRETOT DG RraLreh RGOV bR e et fr aghemicn
i ndi vi dglidty irPd@md E@J@tu'l -@%abitiod manRl &) m0@@t§eﬁagﬂleta§é RGivEY BAGRNEE RA0kLi N
determ nation techniques. The colonies with the highest |evels of
proteln“ﬁH@6W@F#@ﬁ are anal yzed by extracting the expression system
and sequenci Pg ngﬁl%sltafb% Ifo'ﬂ?e alﬁet of codons. [0155] In
general , e highest levels o uction or activity are referred
to, it is unﬂ@rst@ﬁ@?&hﬂi it is not necessary to select the exact

hi ghest vaIu§%ln each case.  For various reasons, it may be sufficient
sinply to seléct §OM8atr's actory | evel s of these characteristics.
[0156] | n nomesuiteilabhouras steh ed wienidsBNA thyleeulssoe sgolN A diigsegieotids and

| cast ¢ W% BEtiong Pac bt fas s gt cupeps el Bty S oG

provi deehifneaet fgubREd fRABo@twd me;pmmmsnateqm ahdH 1[94011%9@1&@ raa’a:ecf HJTs
of the codon for an am no acid encoded in the portions,

t he
ol i gonetsnéxtErmisates & fodvntat POEnRiedgN e serlery! @é&ﬁﬁéﬁf‘é@%ﬂ% 4* hit of the
over | 3Pl ARiGEANANSRSed Bzl £0, dbhoul B0l 1 gomer s are treated to
ef fect assenbly “of the codi ng g sequence for the protein. The
r eassenbl EJ4pF dm el pmberiinprt|of teslaspectain step ie)dbsinonbatips stepn minabe five minutes
oper abl o S expression. In
step (c% }fﬁe%%&%?%gsﬁ%ﬁ$55§fgﬁfﬁgg‘?8%% %%tg§)¥;to a culture of
conpat i bl Eﬂlmb}s tAnye:lf hsari¢tp oS B'e s’ (dd)))bletshﬁncts.’pjcmﬁt: esodebt aibostldasemdyie

t ransf or c s are ted f evels o roducti.on t he

br o o1 oo St me ok S bER st i wee R RUNGhSE. She &8

sat i sf aet @kynupRle@ueétRo 86 L4 @xﬁe@kﬁl%nh@ez@@t SRR kbAMal® will be evident
expression system The sequence of the portion of the expressiaon

syst em thie sldHebweker nheps Belafs eigs cyppustepeidl In one phosipetf thgnvention,
enbodi MRte WRIGEd TS E%Hula%bse%ﬁq {3 Refafin encpm x%esioleafa&eane otHEpPY €
codi ng sequences are used I n the constructionh of a I brary containing
a mul ti phdyoies ymployedipreshidset hesrenton feovsnponbnnd maoy be aasitdiied

into the, ex lc%§§du9§k sSYth GIBsh RS ﬁﬁ'ﬁi 63{11 Xas‘i@{Oﬁ&"& t1 [150hio 44128, or
enhancers, Téermnation sequence € se i on of ich
will V\&eazmlahammc]ﬁ{cwm%m&m@ Elemienﬂm meomaﬂmm of the

i nt ended ho t. Agai onen are provi ded w
overlapplhﬁﬁgggﬁg € QUE; F8q5§§8 ﬁ?‘ h?%éwéb?F@ @ﬁﬁ?&gwtmbgFﬁﬁa
any in ﬁblﬁ@m@§senbly technlque a variety of genes with different
control sequences is obtained which are then transfected into host

cells and cubpMpRdoliRivineeahbl Botifizdgder m ne levels of protein
'n nore ae%all i

producti on. !0158 0 construct a gene with optimal
control sE&é&h eelef@'xedembpelwtﬁnthemélemlﬁwhqﬁ@ﬁfﬁhﬁwwutmweeﬁ@t captpg

fol | 0% 0cka3} et ik SRLOHENTE Sholch Bl Micc L LRSIl £RLEAEAL KO0

a nultlp Rancers term nati oh 5eq Gences and
explessmn functlon activity, yield, erc., of a polypeptide encoded by the nucleic acid molecule.

The combinatorial methods described herein provide a multitude of possible nucleic acid
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[0160] To identify a nucl eotide sequence that encodes an optim zed
formof a protein having a desired activity, the method conprises the

fol | oW ngyad aRSfseyy through (f). In step (a), domains apgERLH1s3
contained I1n a series of variants of the protein are identified. In

step (blequehdegeiees wNeRIFoLAE Bedled biRoMOMR NErance Bbddisets @ t he
variants are provided. |In ste ,_the mxture is treated to effect

ep _ (c) (
assenbl yUslee gcideerdhpioyide ﬁ&@aBH{g\ RN PERAP . forfempds apfeysciRNA that is
conduct d4S0 daGedse eyl deatolfer E&q{;&gﬂ 5 ROM GO Bk dbnRRE R Wi a8
control sequences for expressionh, to obtain a mxture of expression
syst ens apprpachtiefy frajide & Hesireg prodadtitiont iy fowd imnauier @nis fionpgaveinenoora
culture of coppatd bl e hos s, .| | ( t i t al ned
From 1 nePumfRIBEl BT EE Qe S8R R v SRUERODEReRR RIS
step (fromphrenexipit@ses eon sydifetor Sairsigledf @dombomiats df @astal idiesyatheony

t hat produces th rotejin of hi st .ar satisfactory. |eyvel. of
e DT Somgeren PR aE MG 86 4l saad ey San sl a s kAR L Ao e
i dent i f adbina 2R84 AOBQRTRTAS2009/ 034153 [0161] At the next

| evel , shown in FIG 7C, variants of proteins that are responsible
for a net 801 Vpaiewsusy laebat wish feaerabingtiagiasetedhey BEprmeqiate grogiet is a
mat ched i : ; . i -
ot abol [ O b S QP for i
or nul t ipthe embediorests weher hen ogded dpfimsaatcr sstiviey. {Thansfpeatyttheomixture of
Vari ant s i.ncl ude .upst.r.eam.pronpter el enments of the es. encoding
Uhe. or ol 8RS s B iR RN R B PTRE SR el TRl i BEPTEmSR6GEL"
gener at @t nupeicraeRigifo ex@tslonalasmnthat contair] &hGd] schignatd, yotably poomeoters and
enbodi nent, assenbl. i of the.desirable nmetabolic,pathwa nd/.or ..
genes miBETRbHE AT D chpieq SLSuBRbIBL oRY BBl PEL R e b ELOHST Hyich
sim | ar «aRBERAGH0 thite FRSCIMhB kil cchts QBqueltes 3br any PRitRMELIn(edA8Bost can
319:1215-1220, an entire bacterial genone can be assenbled by a
conbi nafise e BFteimined by @naffiteting aRAr Ry le MY FeRtinie Rl Pheaesfrly
al so bes&%gﬂéggﬁﬂ ab Bronfltsys WaMancers ah@kGinalish LAGerRERAMI RIS T €

S y nol ed i nk

pat hway e ass using appropriate li'nkers to construct an

entire getogleity Fheenpewhods thomod $avwrmble/assarably ebtdntigl seqeensesdahde to

t hose describ above. .Becau S of . sever al i t .
bl'ace | HEgteh & APRY Gy pRES SRS, 20RAL Bl Bichil BB NV b G Sl 1R
possi bl eniedltartiingi.oMantrhedian @ag teltwroriitsea Hoktglally cqudd sbd &d usbasheanid flent

build, in stages, an entire chronpsone. The pathway variants nmay all
be. ol onEs: G it By haf Fufeslid Brdhateh PLE LI A DSt B DG Sy
ot her vegitRis fes el bt thE@mokd aren®dll Igiekat i on of |arge nucleic acids.
[0164] To optim ze metabolic pathways, the nethod conprises )
const r uct [Hglh&ice the raixfuge has|bserirededdn drant iy cPdsapiUs s e ERPeittime
in the : E T . : LNG: =gan be
R R S N ARG S
sequenc &spoing i theflesirge encopoiftothe penddin ditivitgr deld op achalyc acivity of the
' .nd.ependelputresvi?%stsgsrsgq Fo(l)'rfheec% hren“% e hl%Lestt bﬁuga‘i‘]nivwm?caz[lcpﬁ tﬁe{;{g tﬂg\g“e(a by
m xi ng the Vectors 10r each menmber I'm successive i“anst or mat i on
m Xt ur esromGan tchlvdre a8d]skgnearsd bootkérheetid@xifice ssthe desihible RequeneEyresguences.
t he pat hway are pl;ovi geog. Col oni es, derived fra .tigg culture are,
assessed PRIl A RBFREAEM st cLIRB RTS8 BYVISY PRSP AP IR be
opt i m z@agabaMdpdineayeatiasfion bre¥sd Stet, (BIE&esshbthat6 941 QR REN B &hieved
sequenced. :‘3[3016 ] The construction of optimal or mniml genones
need noby BschhbrEORiFFgmpHCAscombi nat i on of met abol i ¢ pat hway
assenblie br M . : I i "Ny .
manner or RASED AT 1 0A05 SRl et iRl (BT T koo i process
may be dddussahbhimethodTof idefrersiemélit ihay beved % topdficgithippecess, asplesrijehes
to a metanel L RALBNEY oSSRl SRS SOH S RS STk Gald i
. , . , y may be used to conduct this

process.
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WO 2009/ 103027PCT/ US2009/ 034153 nay be used. Assenbly of entire
genonmes nmay be desirable. Using the techniques described by G bson,

et alL, chrgymg JOf 20-500 kb can be constructed in gcﬁggymgﬁggﬁlal
manner as descrl ed above. For assenbly of nucl eoti de sequences t hat
generat e ¢mFR| GiEveIBt, bflozBelyRuaRRbIBInRESWekE s Reindi kBB of nucleic acid
conbi nati on of these systens is eval uated. [0167] The processes
descri bEMSHBONAR Gy IBEEFREREREE-at ' initio, without presel ection of
putativel i f: jate
e ant g e a2 e st ona S ERREd &
from al Ishcawxaﬁlblam ey ‘sey:}ueﬂveeorﬂqrb naedch suéleic Iagudmagi te@mh@ieetde geimcgmguwnd

envi ron al pr
ol ot Tha b TR 2T pole B AL ARG FREV AR R E g dfu i b duoiea
Resul t s fiait Lhd@i’tﬁalcmdﬁmdna;tvﬂfetﬁaﬂhe bodonater tidsg hidividlapamhimodeiss gnvadedieBpnd
l'i brary for t he sane pat hway that woul d e even, petter i 0
of the JU& }eefafeﬂ%%fgeem 2 MiXGTR BIEpNE ﬂuﬁf e doiets @@%lﬁgiﬁgu@igaﬂ%
in the ghessBRrRIM BdUEkERBrdIPRa G reB@bnahikRrdS (e&i1t8A esbRapReailant will
conput ati onal nethods and tested as descri bed above. [0169] As
not ed ab®{dl-leagiprading sraueteayull devied. ¥ RErYomyestosgie dIspSe atidrd te Hissen
product i,Qi,AqS lovﬁd%%éf@dn%l L RAREL duRih ARy RRIBLEL Srlﬁsz‘ése&rﬁﬁéﬁ c%é Wg
and appropriate signals nitiation of protein synthesis, |
as sui t adgjuendes piogided égthenvéel ezs;pef{siormcontlimis, 1’éla£@bﬁsgenee genelapefmttd ot hiagt
t/ggt g?t hVY?yi[l nc(;lgf l%r l%(PY%gﬁ]a Iat Qgiegn\gi?ovpelorjel aSSCS\Nad 1hsmg E &galﬁglor%?lﬂ
ol i gonudbtemﬁmdem téahmqmbe "Hietcblofiea sSlndnd Mghd@fﬁl}tvﬁk snnb@IQﬁemgneﬂale
Design to nclude a _graphical interface tqQ aid,in_initial
desi gn 3??8 v EERRR T S BICS LR R SS9UGRE g 17 lfl?{’é‘f%%é’%’?’al Sty
conbinaggkmgl I|brar|es it should be possible to call up and view any
i ndi vidual chronosone within the |library with a single nmouse click on
each conpbfént Tyeeneral. whijegnghept Iagels of paadiehen g asfivily FRIHRMESH tofibis
I Tustr §+de‘?§eo SUMs NG AdedN rt@%ecgmexet%%h&ft v;h%% &Bn 809, 28 Argrage
ollgonuc eot | size of 60 nucl eoti des Xx 9 x 10 x 2/

3, 600ragkdrgoin m@-b' egtsufﬁeemaauephee sl fcmsattsr&etcw tm:lrs @é tmmh@faceuglcge ne

pat hway, E{ﬁ%éﬁ t Or eﬁal e?ho%rrg ?c{ephfm a le%{lc?e ﬁegue[nce [h?xl ttlmlzefs c%don

genes. "BeCause gonuc rdes nave“to cover
bot h st naigdeo@fncﬁhﬁmDNAa pfﬁttl@@ﬂtﬁﬁﬂl&@hl lelm tle&aﬁdamgmtepﬁ‘(aﬁﬁd)ufghm amy

of a dozen or so s ppliers, or nt hesi zed. aut onati cal

ol i gonudFREY; (deeme %H‘Oéﬂdsd ﬁ%sé’aﬁwﬂs @g‘hﬁéﬂofe‘%?‘?”&dﬁﬂépﬁg’f?iﬁ&@ forms of

trays, #eRohQPR bk @hin adidshtdsdeitLhe pBiRNS Gritkethé oli®BRIIM YenktieB 6! fré¥de
trays such that each well in the assenbly trays would contain 8

adj acenflagiingensing ssarangessvithoeHapegtranerses. THaten (hplie ogomers g g ¢
t hen be i
oligonuc eot%ggbgﬁgygﬂzE&ﬁ%&3%§%§§g£¥ ﬁgggeﬁkfghgggggﬁpﬁﬁ%ghﬁfagkdul
al i quot awexpir¢rsion lypsied thas sepblahlylisiet fomentmohseqreacdsuheidtrt db expaebyion. In
e e 1S, B PP R 1Sl o PR kb 5ANRLAL e o),
2009/ 10822:¢faiks UBZG@@&@MB@B&I’ES@@ meQ hogt Rellsese abed rlevelbhd pasisetidal of the
product in.e consi sts _of 8 ass | ed oI| nucleo i des
P her ¢ oSt o 4P (Gbet B BRI B he TP oS S aGio6x BORYTBACh e |
are poobeskih AABMRI. fronh SRUNRRLISSHHRANARE seduBideRf Ehecﬂo&ﬂ:ﬁﬁsofﬁllﬁ@expl ession
transferred back into 5 trays for ‘the next assenbly step. By
sequencﬁﬁg‘muihaf epdesdiie praginfis defergaetge of assenbly when the
assenbl i e ]‘53 F%E{M émb&ﬁ %‘é e%{)ﬁnq!ahﬁéﬁé?{cgs # ,QUbne G2ghr@! !
subsequen I es mn genera e correct sequence

codmg sequences are used in the constmctlon of a library containing a multlphc:lty of

expression systems. The components to be assembled into the expression systems include a

variety of promoters, enhancers, termination sequences and the like, the selection of which will
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[0172] To go fromone assenbly step to the next, the assenblies are
"lifted out" of the vector by high fidelity PCR and aliquots are

di stribut ggy bvkisig2next set of trays for the next assempl)stRaihan.
[0173] Assenbly continues until a single tray contains 10 variants of

each of depemddngRinesure dhee IntgeiRe secandinahetiost. VAdaig fiecoatpendiedte paslded
into a final assenbly reaction that results in a |ihrary of 109
di f f er erffithcRBIAPAIS BHENGES o ABSUL Fjeamblh it ol r<ct oided sy e ViR

vector. aﬂéhr%lft@éﬁ?ﬁdiﬁt PUdrk éf‘ééﬁébr%tﬂ &ffelreem%meuéneésqs Bﬂ?t@med which are
appropriate host cell, dyln di vidual clones are screened for product

yield, dha tlansfpewm}o WeCEﬂh@é@n@ulwctlh@ngiq@ﬁlé&vwie@iramﬁéqmb@f motem
assenbll HEUI{ re genones by using the optimzed conponents described
above. ed above, the "entire" genone nay be a m ni mal genone,

t he natur (EO](SB] vihingdne deaitled esmyirmalblgenawithl epm:mllnenhalmeqdamealﬁmwepmissi@d the

cort ai n BT PRl B AR A Lo B ErRe: () Brarg i Atn TmRo ey ary

CONMPONE MdyfesBBihademumiglivityiiProS@Be Senhascs &ild ©gnigdtionReduehebdahd gef®Ssers
according to netabglic pathways, assenblies of genes that are

ot her wi §@MBHYAhFFEINE 5FIUE"ED ﬁ%.amf?w OProVieR-VingtsR| (D ly aligunestp affect
or gani Zggkeg¥EL ST WndsEr @O hrd8S hicakhitd. Fl\Qe L@IMPRNEAIGBAdeRed HERGH ected into

optim zed as “described hérein; however, this Is not a prerequisite
Li br ar i esulpfre pherypagibiel hogieasBs Iarstibpdd), aelgelnbtbtesecbﬁoxgéhretsansfwned st eslls

of whic Izher}@s\(e t%l R:P;Elé%lf 61%911”0;1 %f [h%g)g&%zsaegn %:[%5 §] tP{ea%én@nsI cﬁjtalﬁecﬁ%cfr@ l'at least

sequences an on" usage nay none asse
EXAVPLESe co[cﬁﬁmﬁlh thenhighest bodahefw:tngf levwed m”)plesiuctmh Iof the qupmsiai Thesqasee st

forth i ncorrected degre | Si us; d, unless o

| Cat O SR BT Ees AR cuR B B oS o iR e ey
Therrmcyﬂetleleﬂn&xonucl ease 11 One- step Assenbly System Prot ocol
[0176] A therm)cycl ed -step asse was devel oped based on the

mh
Use of anl01S8] B Bt Fle S EHRETS: T8 JheseodEshaNenEsal Sefenl Apants of a

i sol ate d?éﬁ‘%_r?%ﬂ Yl e afNe Rl YOERAFE aPdon¥hs. Nucleic acid sequences encoding
2009/ 103027P 1JS20097 034153 follows. A reaction was set up on ice

in a 0. 2agpof ﬁ@n@t@fbemt@ﬁmen&ﬁhngntamhﬁwnﬁmﬁm@y syntigs e amlahoydisstuitahle
A e e
1] %felrbﬁﬁiﬁl %qefxggce Qo Pl %é(n epbjf(abjgg nzbi n %I\E(é ?Q@ @’?I
Anpl | Tag(en)pl dsoded i 5 hglﬁtpjn mApmd: sieﬁilaBioGBzytslbe:mbad atamel \wvhu e;tpecttmo &@opl
The 4X CBAR Chewtbq%]'%h and Regal %“ﬁ,&[‘)‘ er was 8000,
600 niv FPHELEHON g5 R g hiea00° B BHHENTP
(PH 7. S5kxpression systems are transfected into host ceHs and tested for activity and/or yield.
[0160] To identify a nucleotide sequence that encodes an optimized form of a protein
having a desired activity, the method comprises the following steps (a) through (f). In step (a),
domains and motifs contained in a series of variants of the protein are identified. In step (b),
oligomers encoding each of the domains and motifs from the variants are provided. In step (c),
the mixture is treated to effect assembly into sequences encoding the protein. The assembly is
conducted so as to provide the coding sequences with operably linked control sequences for
expression, to obtain a mixture of expression systems. In step (d), the expression systems are
transformed into a culture of compatible host cells. In step (e), the colonies obtained from the
cells are tested for activity of the produced protein. In step (f}), the expression system is isolated
from at least the colony that produces the protein of highest or satisfactory level of activity. The

nucleotide sequence encoding said protein is then identified.
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[0177] This gave a final concentration of 1.25 ng/pl of each DNA that
was to be assenbl ed, 5% PEG 8000, 150 nM Tris-Cl pH 7.5, 10 mM Myd 2,
10 mM DTnggg),lﬁ%ﬁ,ach dNTP, 1 nmM NAD. 0.035U pl exonuglbeasfdhiiisssd

U pl Tag DNA |1 gase, and 0.03U pl Anpli Tag(r) Gol d. [0178] 100 ng

substrate [@M] Washé Qax tkvEIQ sHyevnl if €l 1@ Waﬂid’WtSmbﬂﬁV\ﬁe Resportsibl@fed a 8
kb in Ig@g For | arger assenblies, the anount of was i ncreased

(e.qg., abplic gatBypsao mdiydyedly synthesized, misag are maigeedas dé%félhﬁ%xh?%rﬂaﬁe
was usegsed$ay fe uétﬁalﬁ%@ nk@abawbl@dw'm ﬂahﬁvawa%; Bass%emad eﬁlhglngﬁ

more than half the volume of the reaction’sincé this was found
i nhi bi t vedier erertdtiple Mect@x ory bk asssidn Bucteswing tiagedmantions. 1V@Bmt$|rna}tm@inde(| n

Chneent SR g Oh BBl B o S RAG ROl AR EgaR L et
t her mal swh:dteamagnﬂiemsﬁelm%rv\@smperélenm usi ng the foll ow ng

diti 5 h b t
at37C 1 ofigabdprdiied PRAPCEDEERap B R0 B 5 HRE e apLE ey or
subst rafg@iﬁesﬁﬁh@tbe(wﬁhbin@.@ubﬂy %@&nﬁ@@bﬂ) eonﬁﬁ&efg@fon%@ ubinB U RSl BgAbach. As
i nactivation of Exo I11) to 60C_(anneal.ing 60C

for 1 hétcripsdipdiipyen %w& é’fﬁ@ﬁe h?éJO@ %&9 1@@5 21220 [ﬂ@feme brrfedal sepqmscanbe

outli negssbﬁbﬁh@y a‘l@&nb-ﬁgﬁor{ &SHL ﬁ@l@ﬁb@@@&cﬁﬁ@ﬁ@st ki Rintd QLRARL nhAWo be
that this nethod rks just as well, and has"all the sanme advant ages

as t he awembledpn Flﬂa&)‘&@ss with T4 DNA pol ynerase, Tag DNA polyrrerase

ora.  Evar 6] E3fe PR REN QB AR BTl R Bhefl e MRl

for Nuc bmsﬁmék(am(iﬁtne ge[uﬁlﬁés 1TheAnethsdsttherssahbl g et @5ty msmﬂbﬂ ip tlwa;s

develop has he use of an.isol nont h stable 5 to.
ool SeeBBRr % et Sl RSl R CEL TR ARS8l it | on
was set aisiioRgemP@at: @, [tNbdIEGIbIekO Barfy @t teasdtiids PNAhigh fﬁéle or
3.6 pnofyéé}g%%%ss[S)Ng t?) eaassemed e16 élyﬂgixtl SO tt)qufer ;g lﬁjﬂa

exonucl éaéé@nc@b'glcunpﬂtageEﬁp@ém@ﬁéwm%m@e hena?ghvmwauﬁlgé%yeu@e Fjﬂﬂf‘d into

NEB) , 1,@.86idraHFicRM IR RO NRs@r Qa? ald Gther VEB) usef1 9o MBS §fini lSlancm
80pl1. WO 2009/ 103027PCT/ US20 9 34153 The 5X |1 SO (IS hermal ) buffe

was ZSW@f’E_(BGSWQE}}C ®EO.- MM Tris-Cl, 50 mM MyC12, 50 nM DT!', 5 nmM NAD,
and 1000 {dllt\{h]eal%hop%m% &Q'&fjoﬁi‘c@lt‘hways, the method comprises constructing nucleic acid

molecules encoding variants of each enzyme in the pathway to be optimized. All of the
encoding sequences can be assembled using the technique described above of overlapping
sequernces on a single vector for each different pathway, or independent vectors for each
member of the pathway can be employed by mixing the vectors for each member in successive
transformation mixtures. Control sequences to effect expression of the enzymes in the pathway
are provided. Colonies derived from the culture are assessed for favorable characteristics
conferred by the pathway to be optimized, and the éxpression systems of successful colonies are
sequenced.

[0165] The construction of optimal or minimal genomes need not be based solely on a
combination of metabolic pathway assemblies. Individual genes may also be assembled in a
similar manner or a combination of individual genes and metabolic pathways may be so
assembled. To determine the necessity for one or more genes to a metabolic pathway, each of
these could be systematically eliminated from the assembly.

[0166] In all of the foregoing methods, DNA molecules can be assembled using robotic

systems at some or all of the levels described. At any stage, either in vitro or in vivo methods
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[0182] This gave a final concentration of 1.25 fnol/pl each dsDNA (or
45f nol / p1 each ssDNA) that was to be assenbl ed, 5% PEG 8000, 100 nmM

Tris-d plwgmﬁ)ll&gz.,m\/l MpCl2, 10 nM DTT, 200 pM each dNIET,Ugm@MﬂﬁQ
0.02 U pl T5 exonucl ease, 4 U pl Taqg DNA |igase, and O

U R1PhughagbaiusddNA sROAN{TBS @8ies genombOhBBbe 8tr EllQSSUUlﬁgd]e]tecﬁlﬁlqabs st ply
T5 exonucl ease for substrates that overlap by 20- 80bp, and for

subst r at@ksonngiwl hewemesgpge Pt el han be canstmge@ 1lb€p§0mb1n86<ﬁ1al MAPPF RS T5

exonucl e (in
TS exontel Saep oS e R IR EER, e e e p bR

( Epi centreggbobioptbmtysdhecptionmt pombistiouio! teod galenFheevadatdi o n was then

! ncubat edEﬁtﬁq_ﬁoﬁ f Q(gcegkgs HAS_F ul%eﬁlsabove Tgf&eséclndgﬂgégb 1§1 P ?/gg&g gﬁﬁ%ﬂgétﬂﬁ%f

in FIG 5 orlt e Cos 0 synthesize
nol ecul @statisely ﬂ@imb]hele@ﬁﬁts o0 tnaly M&lmeisgleﬂumlcé@ppid@mte Qiket gdnes foosichaif

roduci ol.i gonucl eoti des drops ost to senbl e | arge
DA ol Sk e R et e Gn brses B )l frdetie sastree Sh e RongrebEn:

i nvent i @BmpletaBhdndslahd ehﬁﬂmh@ﬁﬁaﬂlb&%smwtaﬁaﬁﬁ affiBachtERayBS QB kY

Pr ot ocol for Singl e- Stranded Nucl eic Acids A Preparation of the
a i gonuétlestheroshdikelyspididarsstiipmethe mang p@iableroige tResWts Wilkpe kits

cont ai n%m#lﬂﬁat%ﬁ&ﬁ;ﬂlﬂg%ﬁgﬁt%@ﬂﬁg\%&& @&%o&%ﬂlﬁ%&'f@ﬂhe 6 PREFENASR vuld

absence a vector. I n“the absente of vect wat er s substi t ut ed.
The et godsvof betaepiordestion of thqwiemeldq»mcmbtl ow t he quick and easy use of

e Same St AR o P S, PSR P gl b T e

term stor ara 10N O onuc € ass enb
m xt ur edés‘;glreda)aiedtoalcoﬂngﬁtandma‘]lﬂﬂelmﬂé anclaestai B33lescBiBedphbosX | SO buffer,

I T K
assenbl yoyeatiding ﬁﬁﬁbcﬁ%ﬁ&ﬁl PomoBiEind tdhfifnAGS iR |ag ’6’%11915{@1 EienM@Sr hﬁ@ﬁlon
stored at -20 C 88] A gjbeparatlon of the SO buffer (for a

total 6OhProfEdn WS@dﬁt\%ﬁllﬁé suitpbjg linkengequensescpegfie forsaghy gefgrgens jgngien in
150 pl eg']a %ﬂ&%&lﬂ@hlﬂ%%@@ssenﬁge Wl_ o HXOIM; G R0y dATP,  dTTP,
dCTP ( each), 1 M DIT Cfinal 50 , 1.5 g PEG 8000
(fi naI 25%170130?01451@2@ sizes\ﬂnﬂmmﬂzfps nhthe Efmwiduz&ntigwpleﬁﬁcte@ f@ the entire

g;)(nfgg[ %%F Bpsmlayr} aﬁg‘bg Hémgn%g SDes;éne {oofs 1ncluc{% a glzgﬁma? %@&%@é [oaa 1mt1@11 the

pathway design and to view the final sequence design. In the case of combinatorial libraries it
should be possible to call up and view any individual chromosome within the library with a
single mouse click on each component gene.

[0171] As to assembly of a pathway, for illustration, assuming an average gene size of
1200 bp and an average oligonucleotide size of 60 nucleotides, roughly
1200 x 9 x 10 x 2/60 = 3,600 oligonucleotides are needed for the construction of a 9 gene
pathway, excluding control elements which are small relative to genes. The factor of 2 is
because the oligonucleotides have to cover both strands of the DNA. Oligonucleotides can be
purchased from any of a dozen or so suppliers, or synthesized automatically. The
oligonucleotides, which are supplied in 96-well oligonucleotide trays, are robotically distributed
into 96-well assembly reaction trays such that each well in the assembly trays would contain 8
adjacent oligonucleotides in the sequence. The number of trays could then be reduced at the
first assembly step from approximately 36 oligonucleotide trays down to around 5 assembly
trays. A 15 pl aliquot of the thawed assembly reaction mixture (which already includes the

cloning vector as a ninth DNA piece) is transferred to each well. The trays are then incubated
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WO 2009/ 103027PCT/ US2009/ 034153 [0189] The final concentration of

all ingredients in the digonucleotide Assenbly Mxture (mxture is

1. 33X si ngfp Ipmomisoy@s added in a 20 pi final volume) m§§n@§mﬁ9&hpﬁs

133.33 "M Tris-Cl (pH 7.5), 13.33 mM Myl 2, 266.67 uM dGIP.

ut M dATIRsr 226Rinftés AMOPTT Fhe A8 mOIK MMIQQE'%’J.CH—@E@BoﬂEMbQ\f@,ab@nﬁﬁ't%

PEG 8000, 1.33 mM NAD, 5.33 Um T5 exonucl ease (Epicentre 33.33

U ni Phelisesnriepidss jissitasiato thepyctorDNA by {magiclegddiuptseyach v ase mopled

ng/ ul p't%&]e@%ﬁﬁ@@hﬁ’d s\égﬁngéd m[e@tlcg&]es-grhemﬁ’@@}ﬂ@d Bddkin@ th §§?(the next
concent I on, can t ored rozen for at | east 12 montRs. can

be subj escrllnsteratBy ssasmeing mp dxpot @dheoffirs stage 06 asshablywiteh st assmlrlwg are

pr oauct “PAESEEREIRL StocydRied i dbf1ER shRelBah ey P P s

t he assembécysaqhenﬁsDNA ol i gonucl eoti des, the sanme conditions and

nmast er ents can be used for assenbling.dsDNA _ For e | e,
" the 111G O THR GESEETON SRB O A oPArTCRENS B gist our B T

si ngl e- stda rlﬁzﬂﬂg]ﬁhdl@@ﬁ?‘@k%ﬁﬁ hIERDtsHI€d 18615 R kEHe hextGaNEhalEfofthe next
doubl e- stranded nol ecul e of about 300 bp. The next stage, in which

t he SOOaﬁﬁmMﬂ%}P@ assenbled to gener ate larger nolecules, and the
subsequentggsf lfly%@ﬂtﬁﬁle} ﬁ%s eQﬁ! bt ﬁ%‘fo @ﬁ%?&tﬂf%ﬁ‘cht&twgéré&e
still larger no ecu can 8 y using the same naster
m x of iTeafenes agdhthair vanaltthaerﬂreesaenltedgmnﬁhel assen{btl)jmzqtmﬁhh@ rgsebininl ae
describ ] a wever,

erbodi miner et Ph gHeRTE e AR oD B0 TRe FRURY Klonsk T8 B BRG gotpr i
tinme. | nombkaﬂtoﬁﬂbmdnmtansﬁohﬁedmrdlﬁe agfrogiasgiest ¢edl, aidgndividoalndngs are
reduced, e. [0193] For the first round of
assenbl §°‘eeél ﬂf%tpﬂ?vg’c 6181€§t ‘of e| ght 60 nt (60-ner) ssDNA

ol i gonucl gatidase nWéhﬁ&h AMEho AR LAMBMOY BeAssdiibI#@ ch@SSnométthyWRinglihd | €
adj acent to one another in a known DNA to be assenbled, are diluted
so t hat optaized pampogents describgd bpve athndied Yomedhe sitie PP MaY BF 2

vol une g"flmﬁ'lapéeno;gé' e ﬁﬁﬂﬁ%rxﬁh%h' 19@6:{%?1112@9@ %rd&d}ﬁ)gd lﬂiythE Q@O\JEQ:Y{@&]I’@TS to
be optinmal for the assenbly of eight 60-ners wth nt overl aps. 15
pi of t heblica@@dormemttsrdetrinmingg aduhiwéy 53 Seé@ﬁegi only Cslttﬁmn eﬂentiﬁed components of

ol i gonu tid a d at e 0 D

cont’ guitetkid RO AR SleBherreiay BLsdTiR RrBbesEmbh& R
present géres Eldﬂ:@lcﬁﬁgieﬁﬁétybdhib)pmhmw smmbbesaﬁ(ge;&p thmhlecmﬂeewms otgnsieed, eda
into the vector Q FoII senbl e_ass | ed nol ecul e
0 oot g A0 beres e prengar VEat Hemeh DB o ltE dabparegt e
sel ect ethdestbbpthi s GleddribBd Béreid; ISSk<REL, thSis Bl n%’éw Gemerablayies dMedividual
cl ones are siguenced to confirmthat the assembl ed nolecule is

cor r ect ZeTEH W Jsgemblicn acsegeo serae of Al fedisiemey beepibnewkvidk tegpig to motif
pecause IEhols o LeqiiORRY cegonqlshg@;ﬂm&%a%ege&n&%s&%wate

It is expectéd t met ho or correcting errors, “or better nethods
of WD 2009/ 103027PCT/ US20091034153
EXAMPLES

{0175] In the following examples, all temperatures are set forth in uncorrected degrees

Celsius; and, unless otherwise indicated, all parts and percentages are by weight.

Example I
Thermocycled Exonuclease IIT One-step Assembly Systemn Protocol

[0176] A thermocycled one-step assembly was developed based on the use of an isolated

non-thermostable 3' to 5’ exonuclease and an isolated heat-activated DNA polymerase as
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synt hesi zi ng the oligonucleotides, will elimnate the need for this
sequenci ng check. For exanple, error-correcting enzynes or reagents
can be addgslafud@oacontained within the assenbly react bpgRivé/R8153
current invention. Alternatively, instead of cloning the assenbl ed

DNA nol esitvwes A feh@ionGan sbrenpdinriecinl 0. 2mp PCRI etk doyitalaiy thaslldWien 100 ng
sequenced to confirm accura event y-four additional

poo|b s ofad syhitragoDNArte bef‘%ﬁ%hﬁﬁo&rlolgxlﬁﬁfﬁ?é’ﬁ eipf). 7eh ef ereavepnse &l
50- mor o U5 RERE Sl 6T A rea TRAETRY Bil Seh P05 SRRRIC BOREG s

and in gipbEatBREYsten)) hd v@iera@%nblm MBBRQ_hém@ﬁcl@@nmd@bmf)l ed

and acsEwbroties % BERBOBERNBMITIRE snhat el do b EUIC 4mLBALD ary m
a dsDNAgg@hgpéhlcgdgfer(gHS%Q bp. This nolecule is then anplified (by
PCR, or by a nethod nore effective to anplify |arge nol ecul es,

rol l'ing cl@IG7E Taipdave b dianl ancenR@)D of I25orsdd of eadh. DNARhay was BAG aseanided,

otoo) i Ty oA T 5 DERRIecte el BTr 200U Enapyr

i nsertsj giaexNse! . 03§U/E1 eRéMPleh BRI, AUNASTaq PINIQNESR) drdl 0XBMU/L EAMpH B or
produci ng nore DNA nol ecul es, since for exanplé an in vitro nethod of

anpllflé'é?!don is going to be used (e.g., PCR or RCA), then the
cloning v | :
in some c§0;1t7§T tlgag' Iov?/a?%gﬂ?Anggg \tﬁ%\étg 0 éoiid'r?nﬁtaftblcfli‘ e | tstb%hvi?agx{%o%%gggﬁpé%v
f or t heldngthorfol bigr assebiitsy the nogunttcs Mwhlmreasddl(nga@ ftagmiomts 28 b e d

fromth ] et senbl uct w n exonucl ease ,(t he

woutd- be2 FEAT iR ARTEEReY wBb R Fas sl O PSR SRt Br e st fae
assenbl pNK adKe s moaithsh Rot thb@ol)xmmf feGaRtibesihdgrdistvalR fountl t@mhibit tw: tro
nmet hod for anplificatiaqn of é(zg PCR or ¥E§|S|nh|b|t

the i ncERpIYY eE’é@?é]r‘?{’ﬁeQHdetﬁdlﬁ??t%* b Qiiop {ingnpRpsteasq Nptqage b SHJ}%
Sequencegg @h /maex%nu@&ge 1 c&h@gﬁla@gd egz IE@%[H&J.eOt' des to be Asse”bl ed.
[0197] To aid in the PCR anplification of assenbl ed oligonucl eoti des,
in each of0178k mmmmmmﬂ@m aytheintal-c palerved ashembiyagmsoudomeed usilgubie
binding mai n €S)-0Al h 0..he ed
Ct v om SEHRI Foalishi o3 8 e S SR SR 1R A TR LB s R e P AT O
desi gneeutangtes thbr odigedy #M80bis amel Dhiribee fal suponte leobidarg by 0¢-5004phe

oligonu s.that woul d.end up_i | anki, n j.ons t he se

bei g baPCL P ST (L TBeR V0w LD 0! i @ oo upruien BT
segnent forl iMatP{rEhih Qe dRdmiHRr atBt@di ng donai ns are shown, flanks the
DNA nol ecul e. I n subsequent rounds of anplification and assenblg t he

DNAs can HYS8Plcihgsesteps .ﬂ@dauﬂu*@ﬂﬁgFIQjﬁAv&i@awbw phtaiped from dhis prptgcesPond
to suit I [ te
pr mor s For aaned o BB BIR ahhABh ASshiia DRt & BE R OGep BRRLS
restri cwtbrTﬁlelthi@uml}smews, TaUeRAgel ymarese cutllag i Yiges, Pdthy bShdet o
Ascl or N {Jl)ehn ) 2 cnculmeDNX\D 20091103027PCT/ US2009/ 034153 engi neered
to lie BatWween thé imer bi'hdi ng domai ns. These sites can facilitate
cl eaving of f of the pr| mer binding sites. [0198] One advantage of a
met hod of the invention is that th ence of a 3' exonucl ease
activity during the reaction (whic o bl provi ded, e.g., by the
proof - readi ng Bothexnd] SdxoRilsise OfdAtep |Avseeitds Blotaviol for NenbiceA@add of

t he bi nding donmai ns, since these will exist as single stranded DNAs
that are E(nﬂihdrmbmg@uﬁﬂ 61@: dtéreaskiiilely whi ddveliped bakd gn grpise 6f adsoldthénon-

O s T e e T o e N T e R o B "R ackB 152
ol i gonugétagtcbﬁ%ﬁgewﬂma@a@wmm& BAhRBDWEY dbhRfid6r 1.6 pshol caRYEINW to be
hundred bases.) Furthel nore, the oli gonucl eot i des bei n% assenbl ed

¢

into t hessombledsloadiSXpS G huster.d SpBal csenusicrerd A abmipieatpes.§ 1l Tag DNA
ligase (40 U/ul, NEB), 1.0 u Phusion™ DNA pelymerase (2 U/ul, NEB), and water to 80pl.
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(1) Adigonucleotides are first cloned into a vector. Currently,
because of inperfect synthesis techniques, it is expected that sone
of the ol hg@R6hRes7 des Wi Il contain errors, so the inbppgkaaheNes
nmust be sequenced to confirmthey are correct. The initial clones can

be fromThe sSXABD (@BOkemgebutifer @adt % PEB-3000, 300enbadTinBhinM Mdhe 50 mM
i nventi tion Eechnl ue i.s enployed to correct such

errors; ﬁﬁé%ﬁ%ﬁa@%&rﬁﬁé%@é d%\lgpg floPm DNA sequenci ng, and

al | ows subgeayernts gﬁb‘ﬁ@ﬁap&n@&%@@{ m ﬂaeoméich%bmt(omf&%ym &ani ng
to wait for the segquencing results. (2 DNA nol ecul es are

assenbl GHINABRATNS (S emBIENICHAPLEr SCinpll mALBiBy] HERSR0 REAMECH) L0
Th 5) f
o Rea B B R RN A S B 1 P B R IPAN PO KT

assenbl caddomwultﬂhaslom@ﬁmmmdlme t he anpl | fication of |arger

o cce st 2t iEBERS ! Sl HiTT S0t Fo Py e o kgl

nmore of SOk aA® fe kit sadtet ﬂagmeﬁ@gelbhaﬂnpdmg§smomga)w 61 12U/0ETS Bxdntiefke
enzyme that can_rel ease the assenbled fragnents intact would be
equi val &ff vied- W%PCIF@AW“\B\ﬁdﬁ@d}%b‘ﬂ?ﬁ@?ﬁ@@@‘w}e@?ﬂ%Sg%’??ﬁlfé’“l‘ \%

Assembl yneofp THRL SRS ( ;‘éé{té? cd‘rﬂé@:ﬂfa@éﬁ éﬁh%rﬁ@?cé&s in Size using
Various in vitro Methods Exanpl e conpares three

assenbl y HES8AbddeazcEpowas then mr:@atﬂdmt é@?&bfostlépnmw mocycl ed assenbly

with T4 p I I I

and FI G @ﬁf%r@%ﬁ%@ sot l?a[%egg f:fa&;}sSeKDan}?ﬁ% n?\;ﬁ?iﬂ§$gmg coﬁt% %;ﬂgﬁg;%é i%

i sot her rielDNaSB@lddmﬂqs inasmftioedt chfohdodlgoheclmtelﬁer@md thecost ¢frppodas e bl y
met hod. d 1: Two-ste her noc Ie se i th T4 pol :
10201 AMOREHeHs AP U Hesa (6 SRS Oledaee POV Blee P (omiebracisaties
800 MM Tging Helndilbdé oBthe4hkesoidiMaaden. 4 nM DTT) was used for

t her nocycl ed DNA assenbly. DNA nol ecul es were assenbled in 20 tl
reactions consisting of 5 pl 4X CBA buffer, 0.2 pl of 10 ng/m BSA
(NEB), and 0.4 pl of 3 U4tl T4 pol Bxhin 51); T7 poi can be substituted
for T4 po tmate k. )
added in Jlé%@éﬂéiiié%ﬁ- ‘ PLYDNR FletLS 3
proportionate amounts of DNA vvere added (e.g., 250 ng of each 150 kb

DNA segnent ) A. Assgamibby of @ Cligomnslsvede Apseaidar Biiktig 0.2 m PCR tubes
and cycled]%g follows: 37C fromQ to 18 mnutes, 75C for 20 m nutes,
cool ed 0. 1018pk Tihg nswere Rafldits corgpes the pampingicAisnesvity We s eBiPRd™t o 4C

at a rabRsQfceBr é&é&e olfavg&&erlakhe BsGREVE RARK, »Lataamfsuémmtéwt'ﬁ@ rhé&hods
used for overlaps |less than 80 bp and 15 m nutes for overlaps greater

t han 80°bfe psent piveption HewiBaaqrielhand sy ugerf he s agg¢adly mixtwss ang byffers
of Tact h consists of 5.83% PEG 8000, 11.7
M My ot %‘@flﬁﬁ {‘)ﬁ‘l&’gﬁ%w %51 of the 4 dNTPS. and L.55 mM NADI
Four p:jdotﬂlsm] W ]r)]mpdaat'fcalcpfh]ga qligeByclanide @ssﬁﬁgblmm?éé(f?j/ q)uotla]5'a2p ;p]o.}oh(l-NEB)
wer e added .and.t I t n r u ea at or m eS.
For 1 e g o2 SKISATHBEROPE Lhad REMP TS G osite (i P AR 1 s
m xed Wehisidh™ pplinefasd NDB, dBmRm @NUTEY Rapd (MEB)32 ull pd0 dg pppUC 1T hés8mbly

reacti on was ca r| ed out at 37C for 30 m nut es. 02021: Resul t s:
Step 1: M IW4H v SAndae assqiﬁﬁlyd?li"ﬁﬁle wpg then %“E”@B at w0yt r

reconbi na[(ll@@] ')?ﬁ@ﬁﬂatﬁd?fof@i%ﬁf’ﬁ@ Bfoé}\(ﬁﬁ L3RRI el %n@j‘ﬂoﬁ&ﬁiseg KRS
use of the 3' exonucl ease activity of T4 DNA pol ynerase (T4 pol) to

pr oduce TeisONAHOV 2 (finahg 8 Mlahe0 sl %MngGht(ﬂ@Eﬁ 56mMDaQP DNach dVGprdrdaEld, ( Taq

Pottor  OATEI Lt iind CTpan) 4 el aqlnasiBte | SRR s PEATicRe el

each - 62k%).a800uldvEM HAD (rﬁlgalbimM) and water to 6 ml. Concentrations in parentheses refer
to the final concentration in the 5X ISO buffer.
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-300 bp, were exposed to T4 pol at 37C for up to 18 m nutes. Sanples
were renoved every 2 mnutes and anneal ed. Following a 10 m nute
exonucl easgpy bRGg4HoN, the majority of the input DNA was-anReRbeMA1s3and
the predicted -48 kb full-length product is observed. These reactions

require t@soT eBRIGAI @fncﬁﬁ@n&g@f)&ll ﬁigil’e@ﬁgl@rﬂ tht MAfgohtHa€8S Assembly Mixture
macr onol ecul ar  cr owdi ngb‘}(asee

2009/ 1030%rpety b3Bo o0 Wl added[ mzdﬁ]plkélemrm%ngf%%c 4F23 M h
si gni fi %@Id%er’ﬁ)l B3R! MRS, & bt rgﬁ?idalﬁ’ %@@&ﬂzﬂ%’ﬁrfs%@fsﬂm dTTP,

advant ages. n synthetic s afe Joined, snaller overlaps
woul d r éd@ééLLM@CB&dﬁa%Ide%TT (ﬁf67§7§/HEﬁe&’§0§ 13@de Né@aﬁl?’? Uleiral |

I
et or m RE0 oR R CRREM R SR o TR o B GRSl W e

assenbl ¢WEBY had 433 agill pUCRAaisemblyi veclol.G IA was perfor rred using 4 DNA

nmol ecul es 5 kb inle and overl a Fol |.owi ng a
st o LASBE R aSgverit bl oA AT o CECIPRS g ol BT
assenbl ¢d-ah Bt @uﬂ]&'&edf tdlat teh@'?@i&}c@@ok@ee@é%ﬂﬁnﬂ(dﬁk ﬁ}smlc@tlvlty [0204] It
was next determ ned whether significantly |arger DNA ol écul es coul d
be joined by this nethod. Two % nol ecul es of the synthetic M

geni tal i um gBNFEsmETE Bf B cdnlditokide) t@Rckn{CH 06.7 ¥b EFlAOPlcBIct Iettdd Mmtc?57 bp
overlap, were reacted wth T4 pol for 15 m nutes and anneal ed, then
anal yzed by fi LB er sion gel electrophoresis (FIGE) (FIG 1D).

They wer e [@foy %mhlg]yth@ssl%;@am@&ow% dsQ8nbh B S BNN &@éﬁ&aéé\@@@%@ shrfk -
Further, when all 4 quarter ‘nol ecul es were reacted under the sane
condi t | epwslitiansand gaptey Eirgrfhcagpnts ket bouskdl fgyapicmlingdalehofer amgl, kghe
i S asse e S e
assonbl S Sapest Fiertth iown b UEhtheleb AU il Ak Shoct RN 402, |
it does ammb&ﬂmg@emt@pﬁm gth@immbwiejoi abadt 300 by Jas sertistage,off whivh

112 BAEASOERL . o810 R R Pt SRTIE R SN

phos phofatiichttBosk heolécaf reAVenitled ©GdhdrRBTAN lai @i nldules,@ah beRjcomplistad bg
because 5 Phos phoryl ated ends are created foll ow ng nick

transl aPFIB% hespang H@Ftel s & regsepty sk ’élrfB‘?ﬂé@S@éh?f‘aﬁb’ﬂF conpl ement ary

sequences [(192p Tmm(atrﬂp@é dds@Pbek i G QMg hésel%z sWhtinge PviHver, @ iRnat se
end up in the final joined product [0 g To verlfythat

assenbl embpimentoif deuineentiony: b‘ia@émsméé@slser@ﬁqr@bh%@n? gae. sha
pr oduct gmgé‘zﬂm*éﬁt Fh%’h%q‘ﬂﬁ%’f e I3 Giol {hcmfg‘ ?{gﬁ%&“ecz% {8 IHI}’H»‘E!.G and

anal yzed by agarose gel ele trop or esl epa was
assessed {WO3P hpaihedirgfrourkl@ akdembiyAa moktecUlpeds) off dight 40 nb{HOemer3 @D N

ascent SlsoEES e eRarD ot DRt B iy 28 vfiFhnio T RATE lakial & trgres n

SSDNA | apubwh DNA Hereseiital, afe dilofedaattdetheltedn €3@moliun of éxeh abgcﬁlmeleomfe
Taq hg, . the n| cks are not seal ed and the 5 exonuq%l ease activit

Taq pol et oAl HeluEe of Rel o\ B CaSERIRYIOPNAS §é‘ﬁﬁ%‘ﬁ€fb Y e JHieRgry g be optiml for
di sasseg Msepfold &eelml/esormé@wh 9@ nf @\%&rraﬁsr e 5l ,ﬁr@e&e& m@mép)tel r1|11El ag Bove is

presence of Taq hg (lane 5), the nicks are seal ed and i ghe
mol ecul addedes gik of skigpmcirobtsend insubliebrt03C fméﬁeﬁo@)lmutrha@ fm@s’{ﬂmﬁguous

by i el b BNA pblocie B oo BURTI0TRR0r MEF S B PR B

assenbl yhemmpm@alemlansﬁnsatercbnmrtbwmtmon mut atl ons may be |ntroduced

uhi ch i noBRAl A0SV Bl o oo e Bl R sPos BB LRy R e e

4000 nt hosth@d9RRONGIones are selected, using ampicillin as a selective marker. Generally, the

clones are sequenced to confirm that the assembled molecule is correct. Currently, a
background of incorrect sequences occurs because methods for synthesizing oligonucleotides

are not accurate, It is expected that methods for correcting errors, or better methods of
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WO 2009/ 103027PCT/ US2009/ 034153 source for nmutations is fromthe
primers used to PCR-anplify the bacterial artificial chronosones

(BACs) . Bejdmbdsfiese error types were observed when 3Q-d%S8080688:3
nol ecul es were cloned and sequenced during the synthesis of the M

geni t al ki @wﬂ%rmeo M@étideg)fwﬂlféﬁmi’rﬂa& th@ﬁ@ddrfeﬂthlbl&@@.tehafi% chdcheFrer was
only 1 error that likely resul ted from BAC PCR. Remarkab t here

wer e onE¥RNPleeFgFeoecHnE erayMse Oergenti iR fe ader r%%lcqwawd@a&lrf the psspppbly
by Tai | 1 p@kion of thd Q2R8I m'%éﬁr%ﬂbwtef%%%n&é&afofaBHihquheaas&%Rﬁécr DRhep to
produce coval ently seal ed circul ar nol ecul es low for the

possi bi kicagulgs, tRGAaabe girgctyrmpiplified by POR. oyl thén s2Quanotd/ivmonies) accTracy i s

Garonst r alo? e A AR sHBLABeR: b0y R R Ge ERgonl s e Pty

bp), ancthdkBule3286spp)esizedale Méd Bsehblap m‘mﬂloﬁﬁeo ofvése Glandiedreiapdemblied,

7525 bp,circl FI ect aired nbl

B oaucr e bEpEFeHer St SHNE RER 56 bl kb EBE oo Bt fe g

Ther noCyelefbe PeREMYIiel Whd HsséaiBled &libm 10308) ddoM Xs Ghew Daekurmporal |

and repair_ (CBAR) reaction buffer (20% PEG 8000, 600 mM Tris- HCL pH

7.5, 4oawiﬁ%@@11ﬁ asseqbiadh toyform BOE-pRIseueish are fgBY asserniried to g a@‘iw

NAD) ViAo Rl of 96,5906 STIRE plolELRRCHEN B IRNA 35 BERDbYby DNenpRheeul es

(added in amount s~ descri above A react | on‘) wer e assenbl ed

| n 40 pkifeatiaetd omgify bagd mpien@e&ofollilog @ICIWL@@QRIQJM)) congs (g, info 4
pl Exal,l and 0. | .of 5 Up.1
Taq %0‘131d EXBIEPQM e 8§%st %anunﬁlgx ?Ssghblyglgﬁ lﬂeteégccp:wég from 100

U pl in i{d96] aon eds Ex.tfnfqﬂdf a(cﬁﬁﬁﬁgGeytoersoise;dﬁ) agdROMe 1iR60s. b iGRy, iS5 MM

2- Mer capt oet hanol , 0.05. mM EDTA, 200 B

2ssenb) SOPEEAP I s gt G 1o ORI ECO GOV PN B iR Risi ng
the fol bewfl@aconehd neihsd oBdifplifatién Blgoth tbOWSs. g./ BERIBRCA0, then the

m nut es, cool down 0.1C/'s to 60C, then held at GOC for 1 hour. In
gener al °1°a1n6 Wéﬁplb%?él?etﬂp??@t diowevsr, il gnayehe adxuinseens iBvent apss todew the
than 80; g 8Gorhpa B £ (REIGQNBH!BRR. bR Rl ARABIHoRRkis Gl dro | S

| ess active on 3" protruding termni, can result from di gestion
Wi th cekineir )nto rbesftm@\@tl ifkgm @pzgmplste amnéﬂscandm withan cuericlsyser(thesutiag

t he over ha lLunt nds Wit dd| f T4

dNTPs, escrsi Be gto hQ ex?nucr Por 1o g re;)sutst;(;hnb Ptlet%ﬁsﬁ ﬁ’ly@éés%ﬁlfttﬁ’%q‘% A
assenbl ye rethizacn bhahperequif aes: tire na:bmelrfmamq:fhfdhﬂ'd?&fm A¢hs.ePER or RCA)
exonucl ease a h as the T -based system descri bed
above, CaRMRES lﬁ'eth?:ﬁﬁﬁ Eééecf‘b?eﬁlbé%@wé’fcgb This is because dNTPs are
required at a later point to fill-in the gapped DNA nol ecul es.

Exonucl ease '
Of dSDl\lA | S = A A 2 b " NLAIR, eyl 2o s =44 = & b
a candi date fortoBeAss%hﬁ;mdr eactl on. However it will corrpete vvlth

pol ynmerase for bindin t he end To eI| inate this conpetition
and al | omf‘}lé}?] Lot t%m@a Hgfzg;lona BISE -BB%H?HC}?%‘&FEMP et fgpounds
pol ) wegr Ma&fbil Nt &sm aea&dt@aow th fndmeR IbddidFddaiftAdites) £t chdl Shadsarnbl y

nmet hod, overl apg
segments to be assembled (ﬁom ssDNA oligonucleotides) and amplified. These domains can

be designed and introduced into some of the oligonucleotides {e.g., the oligonucleotides that
would end up in flanking regions of the segment being built) as they are being synthesized. An
exemplary dsDNA segment, in which four primer binding domains are shown, flanks the DNA
molecule. In subsequent rounds of amplification and assembly, the DNAs can be PCR
amplified, using “universal primers” that correspond to suitable domains, thereby eliminating
the need to design separate primers for amplifying each DNA to be amplified. I desired,

restriction enzyme sites (such as rare-cutter enzymes Pmll, Sbfl, Ascl or NotI) can also be
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WO 2009/ 103027PCT/ US2009/ 034153 fragnents and al | corrponents
necessary to covalently join the DNA nolecules (i.e., ExoH , Ab-Taq

pol , dNTPgyo aR6hoka hg) were added in a single tube, apdypkagsshisl a
therm)cycl er At 37 C, Exonl is active (but Ab-Taq pol renains

i nact i vejgiadesed ©CRPEREch IR piimee BRSingldoklats dTRNA s |k #caRate TRGving off of
reaction was then shifted to 75 C, which inactivates Exolll.

Anneal i fi§ e REAMYRIRD] ecul es commences and the antibody di ssoci at es
from Taq ﬂﬁbﬁ sdd@ﬁ‘rt:ig\é%tf'a tﬂo‘alo? t@%ygﬁﬁon ESQHﬁthl@g}H&?Aﬂa@exonuclease
ext ensi on, d Igation is then can-led out 11] As
shown i nctﬁlllt@duﬁ@ thiegepcgon bwlﬁcm@nlbmumleécageby thpwmd@eadptg@aewhacpfs or
-300 bp ap ff a l.ed,. tes . g

(240 bp RSB RR AP Pl o n R RIR o SRR E U By e P ugte
are asseairdaidedi[)mm thdiare 1amaioymﬁﬁgobytoLﬁ15DNA@Evma}hae barrghmpleﬂlgd asenbl ed

product and re ed |npu are indicated with a

empnst PLEHRGTERS heng o R BRAD A FUR B 4D s eI RL Sy With 40
et hod, nass ek \yﬂ]nfo@ﬂysg@ vqa{eeﬂ %@ﬁl}%!éd;ﬁ@éi HelhglaBRnibIRSAN 6€ vak 14r0¢ pry1i de
and anal yzed on agar ose e DNA nol ecll es were efficienfly

assenbl &yekhBundsgshasesd. Fun@elumm@ dhe digonvelmtides beme Fspeageching the vegier cra
were re r

Aoserbl 5 "or Eorg e Ay e 0 BURERARR ROk o SRR
nmol ecul ésmicrochipeapsaseace ifepensivapseioabiain 9=11gwhucﬂm’mla$h dbe elpning vector

described in. Fl G .. One-step lsoth Ass Wi 15
ooy a5gn ooy nebBfaldla dien T G e BalcF B ATl P IERD L Bl
500 mM ilElcmsbd:-’é:llmemevact& wiltOrwoMridy (22, LindganvpDAZTZ-KIA tivke aehoofysieing A
dNTPs, ?nd_S MV NA| e)e%d s used.for one-step DNA isothermal  assenbly
at 50 CINPRKEGHYIBE VEHRRFEES ToR 25D 1:’1138501@88‘&1‘?%136‘* BFELASS PERotRA
reacti 08&‘)02166@1%@2;@@%%3@11@@ cBncﬁinrﬂm‘&&tlcfnaﬁ&ﬂdl 288 toCOdR l@Elech?lftmﬁthwéag
| SO buffer, 0.8 pl or 1.0 UWpl T5 exo ( plcentreL 4 [tl
of 40 UMSICTE Qfgsseaﬁ&ddl%rrﬁntSoifhgeﬁgﬁp1h1pweglfi@ﬁtWPL(!NEB}I@wilns &9y bas
di luted o% Qi ol ,
50 md T e ey PG LEbma) ob b RAROL [l i R

0. 194 i tonaiXing @Gyeat epembiigsganhe tdeatifinddr atpchique sudhors [EVAEguencishor t er
than 150 bp, 0.2 I1/pl T5 exo is used. For overlaps |larger than 150
bp, 1.0 Upl T5 exo is used. Al isothermal assenbly conponents can

be stored atD-2genbly af kirpgMslaehles by duggmatiog3X concentration for nore
h
than one g@@g&g}ﬁﬂe{n& Jﬁ%ﬁzn% E’nu:fﬁﬁrﬁplé‘f‘stl a‘ﬂﬁx%@ﬁfbl%ﬂﬁﬁ&mﬁ& 10

freeze-th consti e a reac I'S added to
15 pl ofl) Ohpsuuwiestidesare fincelbatliions vacter. cCGurrdndg, lmuausabf iﬁﬁﬁf&@myﬂtﬁesﬁm
60 m nut e

.. W th.60 m nutes bei 0 [ 021 Pr.ot ocol r.this
oA o Rtigies Bispeiath o of B oo BRlsouys 3 Lotk BeiPR: s df bt
M Xt ur eclohes diise P kRubnted ﬁQdﬁﬁfTﬁﬂ{ey ase dorrekt. Ofhetiditisl diinks ezfn B E. coli or
prepared as follows: 3 mM of 1 MTris-HCL pH 7.5, 150 pl. of 2 M

MyC12, Bioslg @%?CUWWWPWB@HBHG ofdhe nyentior Wstor CQreHoR teghniqeRys mv
dTTP, 60mPloy@ tok8RedN A Rrs; 300 eithindfes theMetl to:pedorm BNAEGBQRMe, 4R

allows subsequent rounds of assembly to be cairied out without having to wait for the

sequencing results. (2) The DNA molecules are assembled. (3) The assembled DNAs are
amplified by PCR or RCA. (4) These DNAs are assembled. (5) The assembled DNAs are
amplified by PCR or RCA. (6) These cycles are continued until the complete molecule is
assembled. Note that RCA allows for the amplification of larger molecules than is possible
with PCR, so RCA is preferred for larger piece stages of assembly. Cloning into a host
organism and making more of the assembled fragments, then digesting with a restriction

enzyme that can release the assembled fragments intact would be equivalent to PCR or RCA.
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WD 2009/ 103027PCT/ US2009/ 034153 300 pl of 100 nM NAD+. Add water to 6
m, aliquot 100 pl and store at -20 C. 2. Prepare an assenbly naster
m xture. T $6ff3ePe prepared as follows: 320 pl 5X 'SPC?M§£&§/034Q=«364
pl of 10 Wpl TS5 exo (Epicentre), 20 pl of 2 U pl Phusion pol (N

and 160 pl of 40 U pl Taq hg (NEB).ExAd@iewster to 1200 pA, ali quot
15121 and store at -20 C ThIS S |dea ] for the assenbly of DNA

nmol ecul essemblyobBNAcHolegulgs eqverh & 1k G5 N@EPNSH A MiTFoMBHR
| arger than 150 b use 3. 2 pl of 10 U pl T5 exo. 3. Thaw a 15 pl
assenbl y M2001 ThisExasmmle coprpraedbise avembly mathads ay shawy in §1Gel Aigwe-step,
Add 5 p I

be in etlahlf?&o ar d%%ﬁ%%yﬁ%ﬁﬁ?@ pgg’-ﬁllgo ng %ﬁhﬁl%&gﬂ?assgﬁgyagnent
For | ar get FIINAAs@geretap ssothernal esssimbi \yitlprE) pont Toa anestepvothesnab issORAly

shoul d be of ea b DNA segnent). S.
| ncubat & & Ouggg’ éethgfisef% 2 ”%’tﬂma Seﬂ(';%y es is optimal). [ 0214]

Resul ts: Exopu S : and are not
i nhi bi ted by=t#e 1 HRTE 5 dardrdat es for one-step
DNA assenfi201] easKichs- ba&tﬁrklhmﬁeal (mﬁﬁeedt@ﬂlbﬁffaa{se% REG-RO0N BOC oD ELiS

nssenbl YR b Qb Voo @ DIR pogieh For herigr e SugR G- DNA

reacti omole%uéfs') GreleSREMYI 6B 2058 %abdl%sw&&ﬁg Was 0Pk 'C'Ef-‘Z%fféﬂ% gl dehe
activities of the 5 -T5 exonucl ease exo I5hu5| onTM DNA®

pol ymer é@elg(mhﬁgii\éﬂﬁﬁb ;@@ﬁﬁh&@ﬁﬁ&d c(lFN ). BRypol qv@d:ep“@bst@a?ﬂ fse Thoeld
in pl aCI ﬁﬁifoxﬁ%ag%ﬂtﬁb feQﬂ“%%rDNEQ?%I?&?m Q&Hed'l Irﬁ&gf @H&ﬁ‘qté'ﬁ&?e

it has erent proo di ng activity renovi ng enent ary

S equencksgeﬁ oY acesmmis, mmmhgg plapsrtichoe bhennts QﬁDeﬁAowcT map«hid (hgs 230 ng of

Si n|f|ca I error, rate NewEn and Biol.a T

svart em Gt Kb RITR sEE P, AEELL O PR PRG Ty B8R 2 e By bl g

from t hes Bllkhs: 3R LonmvEet IGrmands, I76%($ s2 D g uttd) toovled B PClseo (FCGhelOR) .
utes at 50 C, the i near substrate DNA is canpl et el

|1
ey o b om0 Bl esatian ool ©IEC Ak I o5 0uCis, Tt eren Y hes ToFk Breot

whi ch s Giahiedis st foP 61 eMpd 13& dlarkdd by mea{rs A8l FRBvaM @g@al%%h%ﬁl% gse
gel . T5 exo becones inactive, and no g7er parti ci patpes in

assenbl yei Bl ¢fdhg QBA raectipat Vos than sgdd tpc%ﬁ P21 af hast 1ggair hle‘feek’BREbthﬁéI y

degr ade I I A TC I es
are not §?ﬁegr a edé%u%g@c@?guq?r ?Wﬁ'ﬁ hsl ghﬁsempi PH}BI?%?I}%]]% dﬁ%g’
confi r mat b5 mammg Reut fl cefdﬁllﬂubﬁml ligTNER @nd FRG 68 U/ [T Jaq pol (NEB)

g, Bepopaging P BRSSP BR b Lp! [SBNEE BO s 2B flion

was t helsseﬂﬁslerme&ﬁbc(, ) of5thy CB AN SctioRINAm et ©.¢ill0exsplcAn 0 heM aidsPeaheo 2 aind

repai red én a _Si ng i sot hermal step usi 33 t hi s .met hod. [0215] It
was nexPf 3 HoT nek: This reacitmesasgaripd 5t 8 7dv B PRpETestl d al so be

j oi ned. TE]Z%Z}"@&SL@IE‘SCWI 5@%?3\/ bicktaheaﬁeapemrp%l Q{‘2QtepTl5vrﬁ>&Qed&ﬁ)1natlon
reduced (FI G 5D). Three DNA fragnents, 3, were

effici emetfgwdé@ts?émtémg Iomliitpemelﬁ% Psvlf(cnes kltayes 1139 pf Ilper3' exga¢ieash actiwgpof

2209/ 2034 ,Qgél%pd@@@ﬁ%ﬁféﬁ&@@l nto co I,L’%ﬁ%%c F{ngm&maé%ﬂ

T5 exo react n-were onli es were
obt ai nedolgmédraSe (llafy pof) add Tegp DO hgishé[thtlige tqpepdr ﬁnbedne];ﬁ:dlgdnnisné“e rbtttel

ol ccul BRFER P GRS oF BUCBI I § BNA TRISHRac bt G 26 UEGAIPT R Whe

assenbl y3608), yeasexabedde i pelat Branfe ey es 8 matitdsC §smbRe vt le@oqdd)evbﬂyez
assenbly internedi ates of the synthetic M_genitaliunz genone, (ii)
PCR pr o BHRLE 236 apRealeds SH‘P‘iﬁInéé‘ d%‘nEtFGX%{WBIGFSg)leaC@P%é?? maiogi#y of the inpit

cel | Ul b GinraR0HhS alediba L0s Fifhy180mh MKAORLASITE R THERbERHE

genom ¢ DNA (E5 F7), and (iii) pRS415 restriction fragnents. In
some i nsgane s leequé’éﬁem yeepgeng it induced nfagiwmodggalan siowgaigd see
FIG. 1B).
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[0217] E. coli strains carrying each of M genital/urn cassette
nunber 66 to 69 (contained in pENTR223), each of M genital/urn
cassette RuyRRL10BHA 0 85 (contained in pBR322), Cl-24, pERRs499/4034153
C50- 77, C78-101 (each contained in pCCLBAC), or pRS415 were

pr opagat e@208] LB semblingd¥ anhaléduigdgvitthégnafanpsmalle oddiabbinah B0 Bdould
i ncubat %d at 30C or 37 C for 16 hours., .-The cul tures were harvested
and t he MPXgSCHYRAdUReshe e sy thstie PNA fRgMeNts gedoiacd-prpie ¢ Vel ars jogld

Maxi  Ki aec@e@@le@wafallk@stbhs%ynmaﬁgruaam@ﬁhilypﬁﬁaﬂ SlefapWiah Be Eéft%d%P@Rtﬁli%{bls
of C-assenblies, which were not colum-purified. Instead, follow n%e}W

neut r al Fentpwreaspny Hemﬂ@dm@erﬁ whethe- LN 4 anddequéss vmfélrcwlscfé}ﬁm petigesgrop
preci pi I

Tris/ ED%L%EI?%?A Eﬂ? %%H% ﬁ%{{i}l\s ?\ﬂté r ggtulegtp&f eno a Iugi'ng | or o's%dl&mes each
extract 6db imtedgeést mwrmrbxquppmg pi 4Od11:ed3011®hdthgpmé3 hetuge axvpoardioslalolad 4 DNRE

Phe ves e et fointh ok AR Bt e b Bl R Al and

C- assenbl [@94)ar waexeii @eednimeddmaﬁ:t bigRifieAdtly ux\lgt:ﬂ DNZ;Qn@ameersabﬂduab (jbmed
4024 bp,and 2901 bfwoverl appi ngféfragrrents ofp{g7 5, DNA was dlgest

with PVBYF inmgthedall wo gt mpleryles ofdagnithele M e gerompn (dPgest 1ok and

wer e t egRpnaiesh \pﬁ'@ﬁ‘@ﬁ? Eﬁ]d)\@il@;f) Qldre ?c){xétE@-@Tithq@f 15’6[‘?1)1 g5 Iﬁﬁﬂﬁés and annealed,
precipitation. di ssolved in TE 8.0 then quantifi ed’

by gel &eé@mlm@ﬁd&yé“@iflsIWmWHﬁIaﬁi@apa@wm@%’éh&FéGFID)t O'hER wksragficiently
ooy ror SoehHlclTit MR8 Kb Do SIS IO eurth ! p 0 i) bkt vere

provi decacteCrngr dttuains comdi gomsxthe adl-ledgth spthatgall.oseirgélns gdnome @b §3gib) is
el ectro hor@s Ellzlg}nq gurl fied using the Q Aquick Gel Extraction Kit
(Q agen 8?1 ]f:‘ the instructions provided, except DNA was
eluted fr [I}MSI'IERe@Iﬁl stiTBtp M Rdpailng bt dsedmidéd Bolcules. Tdd b8k alﬁﬁ"&n@i@z@ Fl
to F4 were anplified fromd ostridiumcellulolyticum genom c
usi ng pfliigreazyme fipge if @A@@ﬁﬂﬁ%@?@@e@m@m&?@rw&m@%@ﬁww
2009/ 10809y REhhé el 00 Y O BAL B dnPEQ dobh dNdse Q&twﬁgg) E‘hcka%slatlon act1v1 ), which
(GATTTCAGIGT. AT;TTAGGGCCAGT TGAATTCAAACCTCCC 2); I—j

( mmnmwmmmmmm@mweq*s@@enthNéNﬁsblgaam) FhiRey

{ GAcAGT T SRR s

{ GAcACTCCCOEC RO CARF &L B3 P EEg R e R,

( CAGTTGreiTART GATIGNED HEEABIAGE)tial BEQctith NEs), Ghjcharmohid4- For
( GGTACTGCATTT GATT. TTCAACTG) (SEQ 1D NG 7) and F4-Rev

(TTATTT5§.\‘EJE§A<”/A\?_’§%{?G%%A GTCA) (SEQ ID NO 8),

respecti VEI296] To eBRAGH dsfernaviad mAwm1&mmhbé beed stidconrilycopias MDNA

gal I'i septi cum genom ¢ DNA using prinmers F5-For

( GCTTGCRPErATeRSEr R rEATRREAR T ek Tparayifonnd@nakyyeddypemssses)
(AATTCT%&E(HEHI@EF AW%&E@J@&%%I%@ GUBER A dei@ule}%th
CGACTCTAGATAAATAGCCL 1 SEQ | 11)

and F7-For 1CT 11i n1TGAGX)
and 40 bp or 300 bp overlaps. In each case, sirnilar results were obtamed (FIG. 2B) Assembled

but unrepaired DNA molecules (lane 1) are denatured to ssDNA input in the presence of
formamide (lane 2). In the absence of Taq lig, the nicks are not sealed and the 5" exonuclease
activity of Taq pol eliminates the overlapping DNA sequence, leading to disassembly of the
DNA molecules (compare lanes 3 and 4). In the presence of Tagq lig (Iane 5), the nicks are
sealed and a higher molecular weight ssDNA product is observed (lane 6). Thus, dsDNA
molecules, with as little as 40 bp overlaps, were covalently joined by this assembly method.
[0207] Introduction of errors during DNA assembly. During in vifro recombination,
mutations may be introduced in the assembled DNA. The first source for mutations is from Taq

pol, which incorporates an incorrect nucleotide approximately once every 4000 nt. The second
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F7- Rev ( CCGGGGATCCCTTTCTCAATTGICTGCTCCATATATGIT) (SEQ I D NGO 12),
respectively. [0220] F6 and F8 were anplified from pRST21 using

priners F&edSfnok B AAAAAATGT PCT/USZ{IO)/GMHB
TCTGTTAGGAAATAAAAACTGCAGAATTAAAAGT TAGTGAACAAGAAAAC) (SEQ I'D NGO 13)

and F6- Revcd ATTADANAAN Mﬁ%&&@@@” ATPOR L apNGARH bdoferial amflcmi
CCTOCAGTTCAGATC) (SEQ I D NO. 14); and F8- For
( TGTTCAAIRSIMPFesmesA AK%E@ER@@&W cmspacerPrarTortMsyendempiscpes

15) and ( TW WI ey
(SEQ | DV\FQ(%‘“BSIYed res g@%@&el y. 022 -{] Rol |1 circfe anplificati ot%
(RCA) oﬂlamm jedetpnedbre was ROA lwaror hat hkeézdle@ldtedé@anéﬂRﬁ&l Remarkably,

descri bed. f i eacti s m xed
weh 1 e e R Pt kR s PR S S, s
m nut es t g0208H atkssézablwm&tidﬂu e emplogndedirbidp.to @‘aﬁuq‘;ﬂco@flieﬁtm staled circular

2 02 nDWERASSHISS A oS BBt R A EcHEPRPOMLDY EH R s |

f ol | ows:Thifs B (le éaSe tdehsRHbE: RethSE tHEMOKf;t' a nﬂl@ MxCdetnondtratbhhis, 4
(NH4) 2504, 100 pg/m BSA, 1 nM DTT om hexamers (Fidelity

Syst em TByenty (ﬁﬁzgﬂ&is% IO PRO A H%%"’é’é?@) (oA |F§ &346iba. &ach with 40 bp
Bi ocheri,G é’ﬁ% 5 \ﬁét}gé }?{) @75995&911%@ | YTRE @SR cCNERy ﬁptn;l?edragﬁs?rtﬂlé?ln

was |ncubat 20 hours, t'hen term nate y 1 ncubation
at 65 Cpf@mctmmﬁﬂhﬂtlmshﬁed\/@MON)B@ZSEPCT/ US2009/ 034153 [ 0222]

Cl oni ng the DNA assenbl y pr oducts To cI one assenbl ed products,

reacti ons weMethear: | (Gimb-gie & ledriess gith PERUBND! i fi ed BACs

cont ot "t 2R B énka%.‘l’%eés SRR s O SRR
of the OO M TrikHESHET.A)40 MACIBAR, mmmﬁ‘ Soyen\ach offthe 4 ANTRS mgd

Myen25- 77, rsion of pCCLBAC, naned KanBAC, structed that
cont ai né "E‘ng’gﬁﬁa"rﬁ?dﬁs?g @é&?%f‘%@é‘%ﬁfae ﬁ?@gﬁ %mw@f ﬁ%@“ molecules (addéad mn
chl or a”ﬁﬂ%ﬂxﬁt@ QéscFiB&l BHbah e C@@U@aet@%ﬁ'}l\ré‘é adsHbleQ ml4cpiu)1eé?§noh§1&>n§1§§@@
reactions were transfornmed into 30 Tr ansf or MaxT"

( Epi centlP & 4¥ (AR Bedirp@s e at ofEt Ugdh EKO%HN@% hulgpf $0 Mﬂl’cTﬂﬂét& éﬂct BRorR)
at 1200 lzﬁb-ﬁF %&@3&@??& ﬂ%s;&%nﬁ%e?fﬁ%s%ﬂg 81: 2%3%1‘1]1 1006 U/l in its stmg% c

El ect ropor5t| on Bi oRa S were to recover at
or 37 Cbfiffer 20%dNys9lnS mﬁ\ﬂrﬂ(PS@@@ﬁamMKCi thenMpl- Meempmnlﬂi@nd_ﬁ) PedMIBDFA,

125pg/ I e ium + 25 Re
Fol | owi nlg& %érﬁqu%glﬁlgg% gllf[%% %ﬁ\l asﬁeim R s A ﬁ%pﬁour 2‘5%‘1 Vi HBeaSIand
col oni esyal&t m@aheﬁdlmbuag‘mbngmﬁm 3MC 3ot orliB mﬁadues; mM59C I 26 nhigdtad] cool

chl or anpheni_c t ka in over n| ht at 30 r. 37 .C. .DNA
was pr oBarRaTrrisr 6f2s b Bt ek dinpite Iyl i e of Sy
P3 buf f @/a§ uURB! dRHa PN L RGN BRA 1599REEPRRBle RSBkt @hil %‘b% OAIIT is
pellets were dissolved in TE buffer pH 8.0 contal ning RNAse t

di gest edEsingtiye Rp S| Prebudiag eagmitach doeptultfiophiligeréiopaath cer tapem;]ctlon
Agar ose n m&{%] cts.
U5 FI GE r?g' y?!j%%\;\ﬁggé)%ver for %ﬁ%&%ﬁ%@&gg 2o ?&ﬁlvl?%@%ggsn‘pﬁggﬁal 0g
# (b018add)iomefdr4 prd apddNFEs. @ éeqanwdffbpmpdmm a\sembm tial switch 0.1

sec, fina | t£h 0.6 gvers V, initial
Soltch 0 10AML 'yt s DA sl iR o SR BNs ERRESSE ffpYig o

anal ysi achag euerfidctasedttioiny, k%kﬁ@aﬁ@“séep@eia&c(@meﬁaﬂscﬂb&ﬂ abav@, ¢an not be
161-3016) in |I.x TAE buffer with g/ m et hjdi ym brom de. w t hout
circul aﬁ)naﬂleﬁﬁerl ?%ﬁt%r%wﬁ%ua%@é?%wea% Lfiltﬁ’. Raifito Sifiip dif gpesd

sec, fi 'F_)@JA fetdc6IRs. 3@xo§1§éleas\éﬁlil*@Ekdlﬁ?%hﬁkﬁ%ové%efe@ﬂ&"s $@nbfe Vi erlapbt | al
switch 5 sec, final switch 30 sec, with linear ranp. DNA bands were

vi sual i ﬂ@@le isiully Bnefivad] cen iDbe prssersA OMETBﬁhm Fyshodifatefrg 1-step

Vet hods oo ey & ERAREPeY RTRREAG RS IR EREP (RE M PEahu

this competition, and allow for 1-step DNA assembiy ant1body—b0und Taq pol (Ab-Taq pol)

was used in combination with Exolll (FIG. 4A). In this assembly method, overlapping DNA
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WD 2009/ 103027PCT/ US2009/ 034153 A. Efficiency of Assenbly of a 31 kb
Fragrrent [0225] In step (a), shown in FIG 6A, cassettes 66 to 69

kb t ARow th 80 bp overlaps) were assenbl ed pbp{RsROSHE1RO
8 kb W t 40 bp overlaps), as shown in FIG [|A, W|thout repair

(CBA) WabRemo Bl ﬁtﬁ)nﬁ}ﬁﬂaﬁtK nc(cgﬁ/zhy"to]faﬁ)ent? ok DR ARdledullesi(e. f ORAILT
with T4 pol but w thout atlon (T4 poI (1l-in), and as shown in

FI G 4AAbER rol)dNETg- zmd@aq i8) o5 addes) ﬂlé%ﬁ%?@cqﬂeméﬂaﬁﬁamw&d By
U5 FI G‘?ﬁbbe@x&iﬁ%‘&é‘u% f‘E!%‘E’ A'b“ﬁa‘& ﬁl refl Ents macnve[)(%%@@e]ces'EQseﬂﬂe 31 dhaSbeMe EiéﬁNA
as shown in FIG ' e of the 'assenbly reactions of

st ep (aymojicaled. ea’hq mctmlm rthe@fshtficdmcs?i)?(imrﬁu@ inattipdics Evellle avticdggefticy
nmet hod, S d_di

ot | oP o PERS R EREEE: L SR Ra5, LB S0Tyd) ARkt

B. Effi emfg,ﬁnby Rafthdsmesdbing, eatension ldd kigatkendgientarried ofitG22FFCI n st ep

c), sho i.n. Fl 6C, ne- quar eltallu norre

nd’ co- T} s B o fh Giesih o B5ks G v BBEpvE %?la&@abp
usi ng t bee s bads éﬁﬁ&@aﬁlyﬁ@&:ﬂﬁl‘ec{ @asse&eﬂ%tazqm@n‘)p R0 bpRsedipa) maed
by U2 FIGE 1In stef as shown in FILG equal anmpunts were

t r ansf ofdg@enthF bt |blP OVEIRPShY ﬂigémyﬁﬁﬁl“éthélﬂ ﬂ‘t‘%lé’-‘*ﬁ%éh%ﬂﬁl? edl& i ons
t
in (c) %%Ilﬁ%lggﬂ? &grgﬁ?lﬂ%ﬁl&%& La0R Fﬁ]]}(' QS RhicN | HRASW, nﬁf‘ S

wer e ob and T4 poi n reactions so analysis
ended atlembrstratstteg theDhidedBN pmelsanlesiare rmlf?ti losothILsomtthcah sfsoemhiytredugfs
each assenb nmet.ho e ested w t.h far det ermyat of
correct ms%e?'[’ miseldz“éﬂi(epé% Clichf B]tldeaa n%};m% zed On[aéﬁlﬁgej oﬂ%r%ﬁ‘gf
assenbl echidohds meleatiitiasly steanIﬂmm‘iﬂne]apﬁdi [ Aatndmatedfm Fite g€, E’Eﬁahmdts F3 and

Thus, i's inpor et rmne whi a t hqd for
Tont ng e 8 estber i G Plesioner SeBRng phitsties frsehh e
casset t @spfibistatefiBd by Getobur@aHbr AN A nBRchies PMBE bafmte (ﬂb@al@seﬁz‘é@—) of

with 40 bp overlaps to the ends of the assenbly were conpared. Al so

i ncl udefrivagide 3 6pssalPrd B &4 2 additi onal DNA assembly systens that
omt fill-in and I|i atlon steps Each of these 5 nethods efficiently
and si ni | ar | Yefwd Saldnsgstepdsethermab Agembly Eathi T eX0BAC66- 69 as

det er m neghohy) 1880 E&‘tﬁ@hb@ﬁ& @59@ -85 So W T Aevbas 5,
wer e thenﬁ%ransﬂor rr%g-leﬁqnzttg E)]L Tenl{rang;@m y seﬁ)O cted c% ones from
each rreﬁ&ot}/lmféla?rﬁ}ah}yizléﬂl‘fbﬂnl\fbvmh gf e t4l dNJiRyemidi SomM MADe wmeh@éf@nbﬂe-
the vector he 23 k nsSek . r_each t hod

100% of “ERENA Bl e BT ey DN SireE B s iR AR BRjRroct b
pol ymer &ae i teatfigB S ®ergiagdedhledrih YO Areadtichh eomlsthe of Ofil 3?01&0151&331 0.8 ul of

apair Do ooOTPE B Reuikiongh g PERD Bl 558 P g O HIoRa Gpnuson

i ncreasgs) (NFB)ClroRkOGaediliii&d £HEYr 1:00 A4 10fUADR 1GQEEEERrE 6504 bI9Fbrol, 50
suggestl ng t hat 23@88 can si gnl ficant Ig}/ i nfluence cl oni n? efficiencies
i

in E Tris\NST2b005 10 By PETAS209 ) OB H115 NaClp guidhi % Ttop -690 wor k
{ | p

dur i LG th ot | .

Dlldl,rAl ggstej%}r%f]gﬁg%bg egqugqhgEe |§O§é{ﬁwlA”§b ¢ g%mew ? j@/ggggng{sp sed !}%\I

nmol ecul escrlaps EBrgec Giah 160 bb.d .(hOfpl B¢ cys &disedhall a@ﬁ@nbﬂwmlywmn@d% can

R OB A L0 EIANR, 0 RS RESIGR Y RS O
kb) froenAdks 4R séndcCRftér mofeatidn Mefrdeaetieff dyeleentTb yorjsttutedrehdtibn33 (I
kb, hal fDNA is added to 15 pl of this mixture. Incubations are carried out at 50°C for 15 to 60 minutes,
with 60 minutes being optimal.
[0213] Protocol for this DNA assembly system, including how to prepare an assembly
master mixture: 1. Prepare 5X ISO buffer. Six ml of this buffer can be prepared as follows:
3mlof 1 M Tris-HCI pH 7.5, 150 pl of 2 M MgCI2, 60 pl of 100 mM dGTP, 60 ul of 100 mM
dATP, 60 pl of 100 mM dTTP, 60 i of 100 mM dCTP, 300 wl of 1 M DTT, 1.5 g PEG-8000,
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Al . genitaliumgenone (FIG 6C). As expected, this DNA nol ecule could
not be cloned in E. coil using the strategy outlined in FIG 1A
Filling iRyd hReaaps W th T4 pol, but |eaving the nickspppggalschsdoes
not produce transfornmants. However, the one-step Exolll- and T5

exobased(s ubsfeIms nd¥l NAB+PAas eater l:dWﬁl’IlElﬂl@ﬁbtW@O al sldcers sf-ab PQ. mseebai ©an
clone these |arge DNA nol ecules (FIG 6D). Thus, there are
pr ef er r SHFCORIY BEEE K S yIdiEie by Srepased 28 Balgwen 32,4l Bt é%h‘&ffﬁier/%H Bn

that canghg, s t(Epi%E[{thG}lZ@rlH :OYZUQLWPhﬁﬂgn P&HN@B%H@J) FP&*@SUMPTM’II%

several hundred kb 1n | engt coi l approxi mat e
for traf§EB) n@dd watel t‘@tl@O@ bl 9h<w¢tlért1 st atnBP SCV/(Thisss sﬂéaitfpytheﬁssmblge

oA ol SENESmglee ey 4 BT B0 b @R RN ERER R il PRRRETYD

Al . gemlﬁ@bp unsan3 Geu ofrﬁ) wag Téssermlﬁﬂwlams\mltammbl}t mlxmlmﬂiquokmﬁi/me haice

assenbl PG ETEHO PaPGE. Aok r e Thp e SerPiatEhe R enani b dre ey

PEG i n thase€bd Baghinle ambiftsV USE 0B 100/nDdf dabti S6 kIS BYR Mradiidnt.l BstUSGer DNA
shear forces on these |arge nol ecul es Tn solution. The size limt for

in vitr SSEMASaBISEANNSY PECPRBIONRA AWRUNR 8RN shopi ba added (&g PaR Beotkraciyoo

kb have 1?@E@D@9§§‘cﬂr}ﬁ% formaash a@?O" r P86 e s T8 RRdRes J&ﬁﬁﬁalfﬂat hods
may provide suffi €i ent amobunts of reconbi ned product for an intended

appl i cat i #214] Rendts; Hxheucé@%ﬁmte@epﬂcb@wt frevenyp” reds prod et achibited dy the
h I
ost or gae?éa%g'of W%?{ cﬂgitgsdfogyé @S@gﬁbﬂ%& ¥he%gt9onl§bF91%}/ On y

been cl e one- and no
t he twoilskepxomedlémek wﬂhe:t emppeamatth pnlymm dsd axttwrtgd Ubnsngll nemtes omuin ed for

mani pul on reduces mage, and.thus nore intact clopes,are,
obt o ne PN e R P P DR Tk Aot AR e e it Shel op s termal
(e. Q. E@éﬁlb1ylsystsmyva§@pm%@ﬁs1 th'é@ﬂtWiﬁ@d)thl& frfﬁglelxama&dxerﬁ&s)enbl ed
constructs In host organi s , currently the Iarg@;t phi 29

or oduct EhFUTN DR aplemsis (SrREORE: oD, aicEatjs RIG{ SigH a9 eobrabe wsed n
reconbi patd %Hﬁ%l?ﬁdﬁolaﬁcﬁva%lolthﬂ%m ‘1‘.%61"31'3 Brefélﬁlﬁe §}H€e i® B@anlﬁe?é’iﬁ Bﬁfoﬁ%ﬁdmg

systemis preferred due to its sinplicit onponent s of
assenbl yctsytstf@nﬁmawngeoxpp@nplﬁ@mtarwdempc%ffrm@aeruwﬁi momelésecfulfhnm

al | tha - e 0
N R B A s DN
20091 103@&%&&1&‘1 tiIS2aeas 634hpEnd hy s4Hplpr wae hleamcﬂl fe:bdn éle\éel{twR&ﬂ&ﬁ wkctbiomd
cl oni ng mul t |l e inser ct.or ,wi.t hout _rely

Cvarl aprreyln T RRFFlsh S8 BN Mt oh P bl e iag T e
DNA ol egiplesly iEadtedednarip H@%adeﬁgirﬁlﬂﬁe mﬁjomdhms hag® chitleP@hieAligihieed
by a single PCR event can be divided into multiple overlappi ng PCR

anpl i cofst kel theehblinsanpnsdionionn®- heeppeds!. Theq @é%m@rlﬁ%ﬂtww@fl 8his

advant a%%ﬁspama poRSSEIINA RGeRbly Sl AinPIRMMELS ar SHCGH: mmeg a8 exo
because they are not substrateS for any of the 3 enzynes. The

one- st epetivibrdresdesdineabNodnolesleshbowhis clovehdicubaPNFemakedet gre not
gener at a 0

duri g TrtE ThESREREL SR Bfriear SR AR lY oINSl ional 5
met hods exd (RIGe5H %ei&hlonﬁMEmlhzs assembiedpsethct i thepiredittzdo &b dindle lisage
i n accordanc ost c nst uct a gene t at

opt | el SEEBEEIAh DPIESneRRHGTy Hir Qe EREh e ErdS TER O HHIRCIC ahdunt
of pr ot ehik, DN foled e ORtni B¥akseibBIdthnd FPABYE, 2 didgld, RDHEEAS step vsMEithis t O
the host cell that produces the gene, the optinmal yield may be | ower

t han t h&eHioghest yi el d.
[0215] Tt was next shown that molecules with 40 bp overlaps could also be joined. This was

accomplished if the concentration of T5 exo was reduced (FIG. 5D). Three 5 kb DNA
fragments, F1 to F3, were efficiently assembled into BAC-F1/F3 (~8 kb). Further, when the

47



[ 0233] Codons of a gene are conmputationally optim zed to produce a

si ngl e sequence of the full gene. This single sequence may not be the
very best W@ sesuee an optimal yield, but serves as apgiakiduflsiiss
poi nt. Next, oligonucleotides are generated conmputationally such that
t he codassesblid@agA alolsales Gbatthp OBl TS oatLtivaveRdran B £ ok 450
7A, the oligonucl eotides may enconpass _nore than one codon, but

within E2CRCHVPESbLIEsnT douael [0rolqnics had thsauriigied Ll igsert EYF. SE).

i nstance, three different codons encoding | eucine are present in
three versions of "Aigo 1" (‘il'he ol i gonucl eoti des overlap with one
another in o-"—é%%%“——ﬁﬁ—g’é‘d&gg?——saa CHi° ssenmbly according to the nethods
descri bed[(X6EiMeparatioh @2BMA MorbillEd B BB WEBRGInafioR| TIRAMVE!RNEdLRE Sised
is used to assenble the entire gene. Wen the oligonucl eotides are
assenbl &tthgasemblymyalyersaie desivedBpy seeaglspeises isclafinash fspssmbine
above-d ' cJ el W] g

That eache psnate O BETH el TR derPRRy BrRRiSCaD PERTENaL BHORAol R
Every métbard k8, Elheritlivbr ailylohiomwe geromiy DA A 1tth &4 aneMandmasraci d

oo T gT B BB e BB) DR AR AP
pr ef er emasc@f DN!;fhefmgmslg;nwehasitrac{eﬂdfdni skaddse gél@ﬂ@%va@ﬁﬂiu@naﬁwisedndtor
Ce! e B 08 e b S o S R TR B
Opt i M zghdr@ified by agdr&43el cldtRpIBIENOG5th Qfand 8. IRSEL hrdidLoe Rleli Whs GATHIBRs:
used to provide a protein that has maxi mumactivity. The protein wth
maxi mum ab31y] &y coléstepmsaiyiag cath of M asuerauscaseda apaberfabsata (Gnidsd ot
honol OggEﬁTRQ%)?édah SFML! g@ﬁﬁﬁ"i anlchette! &F%Pbgtogsnsfe ﬂcéér‘?taiHQ&f}?]' p08) C1-24,

protei nsS that éach contain three notitfs an omal n. 'For 1nstance,
pr ot ei nCRS#AyCHe 7T, (&% Wi keash cprtaned m G 18I0 Middansre prptgeied IBLB
fromS. cerevisiae, protein.4 fromnouse d, pr.at.ei n,5.f Lo L
sl anog St tohlefine BERLE LRt bitD R s P REPE b e Tl Ros, The
B from pilatr&i wer2 hartlessai andAhd DNM psletddsnvete pmFigdotsink GadehGliSheddetfsndd

[ 0236] nt peticall ne can. generate a |jbrary of oteip. varjants
by put ¢ Mg, ReGetupd tn FF GGRtioGoRr et DR o eHaoi Pooamittona
prot ei nwlleafk solfiAPuAfiset nfkad) EATRMIBOMS R AkI6h BSthe Iyled &81sSCRSREILRES
FIG 7B, diversity or library conplexity is five to the fourth power,

or 625 WSlegatigygsAéientirepipitatgd il segeragok deNfrecilsttiegctissolved in TigpeEDTA
motif a i LA. N j r.di

oF 1 he NEDRAATRE BePRRIASE ot phendlKlo o BUIERA A AGEA Ul BRYA
scr eenegelfety werarispalmdin dietiuffenctassétey 66 Bxamghl @@ anX 78 Havhghedp were excised
Optim Z%B%notﬁ 9&901‘?%@1%@?%%0&08 Ii &&%’H&h%@qarﬁﬁi 01L]§s%{]flrh%nd C—ags%%&%?i«]: \;I,_Qg
nmet hods 0 he present 1 nvention can be used to conbi ne fulti pﬁ e

ver si onsxdded @gdipegemeyknNal paEL eveeyate Wid0R4 By end 200d eployerdapprigiitagehehtd of

pr oduce inatori.al pat. i brary, as shown in EIG. 7C. The

P oducr BReF BN HEY s BN YL andiGh or Pan i Pomactl, Bettiglone) oned

into andapicaPvkali@ntifttdbeftensiedioroRad eR@@:ti%ﬁhﬁ(ﬁethmpp@&?%yﬁﬂ. oA
pat hway.

yield of the specific product or characteristic of the
was dissolved in TE buffer pH 8.0 then quantified by gel electrophoiesis with standards.

Fragments F1 to F8 were generated by PCR using the Phusion™ Hot Start High-Fidelity
DNA polymerase with HF Buffer (NEB) according to the instructions provided. PCR
products were extracted from agarose gels following electrophoresis and purified using the
QIAquick Gel Extraction Kit (Qiagen) according to the instructions provided, except DNA
was eluted from the columns with TE buffer pH 8.0.

[0218] Fragments F1 to F4 were amplified from Clostridium cellulolyticum genomic DNA
using primers F1-For (GCAGCTTCAAGTCCTGCAAACAAGGTGTACCAGGATCGTT)
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[0238] The versions of each gene nay honol ogues from nultiple species
or synthetically generated variants according to the previous

exanpl es. wWiheyeemnes may include upstream pronoter el enpayfstdi@bssyary
fromone species to the next, such that optinmumyield can be obtai ned

from patfp@yps NO:VIOlaxd ng transcrl ption factors. [ 0239] These

t hods _allow th | f '
pat huay & T I arar B bt g eC ST bR BRE T e s kb ao: 21
i ndi vi dgalfey GE@rA@@ﬁmmmcmmd@@@cmhdmummﬁmm (YehiBMOo: 3

pat hways can be constructed from90 individ qgenes (10 variants o

each of apd ﬁ%%éﬁ@ETGﬁTmWM@WGfﬁ@T@w GCEEMHEET QEEQ ID NO:
| ndi vi d‘zla]bﬁ%‘m @%CAB@G@%&@@?‘&CQ\@E‘} %’AWT@A*FaWAG%SE%ID NO:

efficiently and quickly Tn vitro ene is f
sequenceé) tlvhif3- Bm&EM@ET@AA&MT%TGEGM@WGWG@AA%QA@TA@CM@Q ID

Fhe casd E g L R AR A D IS dPg st

pool ed aﬁ)@{tg Miahd F4-Rev YETATTTACA AAG ARACHT TCIE TaTRe A YTGEARAGIEA f
the present i nventl on to Pr oduce the conbinatorial library. [0240]
Exanpl e SER DAY SASEWHINFOf a Combinatorial Library to Optimize an

Acet at e Ujgd1bE atsi 00 F7alday hﬁed[f%{lgﬂvcamﬁsn{ﬁe%t ngﬁncgfn geh&nﬁrmﬁ%gmg

invention were used to create a conbi natori

synt het PEakrsyFnEIdCoA TG DfsCABCERETAE &H@ﬂ@&%&é@'ﬁ%@ @FQ khe
phosphogjd.apgacet yl ase pta gene in E. colt in order to optimze the
acetate uti |zat| on (ackA/pta) pathway. The ackA/pta pathway in E

coi |l en&bikes (QNIWD"T WA GTETRTATRSCATAMISMA ACWTTET TB@HHQ:?@%’E‘!SGGECHF@ e

BA AcelBi R VEhALE ek R BGuar e HER RREG A FrTTEAGeE) ©

acetyl - mm;smbm@uﬂmsphtransacetyl ase (pt a) converts

acetyl - hosphate Ato cetyl coi |l produces substant; al
Amount s FOrekder BT ns 1L e e s e A T s ERgR e y
cul turesggsp &jﬁqel cet ate is the major byproduct under aerobic

condi ti ons acetate concentration inhibits growth because it

decoupl es [Qzﬂﬁh Fanerpangiiedifem BRSTHi wing mimaiy Ho-Regditi Qb pAAATGT
affects Tt%ﬁf gﬁWAﬁARK%W Q:FAR’T'TA%'}HA R@T@%A@:@Xﬂh%ﬁ(ﬁ) (SEB
e aci 0

addition, t retreat nent bi onass T el eases subst ant
anmount s IIoINCGiéBtaatl @6@%!9%&%&?@@%&%@%&5%@@66&&%@ ATFCTAGAGTCGA

hem cel | e his Exanpl e show the use of
conbi natcgﬂﬁ@%ﬁ%gmgﬁéﬁﬁm%% Ae?%% utilization by the host
cel | s t reTTORATOT TAXERSSTAAATAINA CACGATGIEEGOAABUTII TG TRCCUFTTAG)
strain of E. coil was devel oped that was not inhibited by the
presencéSFég %@Q'éﬁé%@r@n E)‘f own in a glucose-salts mninmal nmedium and
coul d gy QWAHAMN MG E AGT ATEEAKTTEN G NRASRI A PRELOBGRPKLCE GAGCTOR43]
Variants of the ackA and pta genes were conbinatorially placed under

i ndepené&H IpNSHdObrespesitvell . The |ibrary was constructed from
syntheti c (&Qi{“ﬁo‘ﬂ ctugleba ﬂhfgﬁfb%s(RUAﬁ'Eﬂésé’:ﬁb JiHo%:h&E't %A%‘cﬁ#ﬁd‘%?ﬁ

f our d|ff ren pro ers or each as s
or gani spevaugly Mbschhﬂbs@m:mlnﬁ t}a:oepanm camgepdied st¢aciich wm mixed with 1l of

hyt of b bi nol d
£ ol 0GR EaH B RabuFL 08 \Brer i o LR ERG M et PR3P Sed by
VS (ver yu@ﬁé@agm r@@aﬁn ofsné SkilDRGica®dl] mixure Whs(th@Ciddea tosB)l ofmck L

(low, lac). Al the variant pieces were nmade synthetjcally
| nt egr af¥APTIALS T Rrdnidyik &ibey i finafpracigihenasit@gonstioy REA |%¥Saf990ws

(total RumhemRiHAYHY. 9850%»@@9@0%%?@@@ yaM d89nLdox o DEI&AHP(B@ 1

[0244] n order to construct the [ibrary, four different
f r agmentsM WaTe 328 quivlradloashaxeingrs 4Bidelity §G§$t@m; MDagubfmlngasi pseophdsphgfise

five mﬁ)ﬂle%%%ﬁeg ﬁoajlémica;[f ax?c?f_% @/fmltpﬂﬁgi%ﬁlgspofiyn{eirﬁg ﬁgﬁg). bf H%q&ﬁgm? thhg

incubated at 30 °C for 20 hours, and then terminated by incubation at 65 °C for 10 minites.
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WO 2009/ 103027PCT/ US2009/ 034153 insert, 40 bp overl appi ng sequences
wi th the BAC vector (pCC IBAC linearized at EcoRl site, Epicentre)
were used 4@2R57kLe the conpl ete assenbly. [ 0245] AbbriB®09/034153
synthetic nucleic acid portions (genes and pronoters) were flanked by

Not | sitegozny (Slumal}; trdNas al.g@ﬁﬁ»[}l rodutty) Uexorfel sgseRibitsl produce! fe¢tidn were
rel ease the pieces fromthe asmds, a Notl restriction digest step

was r eqUriied OB dicePressacy A d arﬁaalpﬁef@%@%@%wn%ﬁ%bp ofigyerimNgang $eqrerse
Not | di gegl oh&aGhORGRS pcl{)@LQ:t Of\loa%stimﬁlon Qﬂctesg@e?@al% mEﬁ'lﬁecp{oQﬂﬁQ%vg‘Elease
pi eces (total of 8) and 20 fnol of each gene (total of 10). t he
PCR anplof fieedct®. Ipgkiergleplels] Rt evaadshdd Hoyevire qaebz@mgd\‘igf(@ﬁéﬁ 2 mwgrhof
t hey wer

thor ef oPECuarS RSPk BAC I B Il ok Pt FERAH e recfick e

di gest mpeaedf tha cmaﬁmmaemc@desﬁmﬂnce perfz0 Sphapfe@(upo:ne ;hpmfrthaissaﬂblgp‘r@ndons

bl o i rap orattarne gl EfiaRge Rl Ep by e g e £ ot

i ncubat icems it 13mCuthie (BMRMPS 1280 vacs EE' A D0 Q using a Gene Pulser Xcell
phenol chl or of or mi soanyl al cohol and et hanol precipitated. The pell et

was r esEdsEARRIaiqnS sieEt Gelad) nielisayerg allemggl tarecogergt 30 Hhand? tfhém 2 hours
| sot her Rl nTBORXAMNGHIRSSIASPGIDLY F&REh LOD. SATnPANAUEHREEY or I B
|ncubat| ng the follow ng reagents at 50 C for 30 m nutes pl of
pool ed DA HGH meimldhnamysin. ofollolvingdinpubetietat 30eCas B7 °€ for 3| togf hours,

T

of Phusiconf ng/niDidnaRolcinmeeasght 63 Wlor INEB). ,DidAdvas Hrepajed Hain 2@, celloby a

bt £ not alBlipd RESHURRIne &1, bR GRE PA T EoRaulr B Ditesh BRE b Rmae

preci pi geﬁéc BtatidTO tIENA I Rl leta S RMHNsYIvEd RO bSFfAMPHES I b&idahing RN %8 (RnBfipested
Et Br St andar d procedures were used to transformE. coli, and

strai ns wifhdiothieraessithesntsrifran iisHAft ed and grew wel | on acetate as
the sole E@E' ?P%gﬁﬂ%?z B WENEsDEh&ELERA TN A m%lctcﬁl'epbrﬁi cﬁo&@lpﬁocﬂi‘{saﬂﬁS FIGE

(Aacs AackA Apta; defici ent in acetate utilization and therefore does

not gr owrdysiaeat perfermerthwt 0.8 7ek-aks s Invitengsh,sateteg AHEIH 84183 erdhihg parameters
reaction f t.C I v

el oot 1ot VG g2 VhitaR Ol FE0C B RHRCH FBbet Fi nkBafmpand ygpess v
pl at ed aritiahiswitaal. mecdlfmmhsa,glah 06l sat e\sthdnmmalampng] -50IGVhiod ysiscedsglefomsda

a2 PR eyE sRlEi e S b P ReR Sy RS febAP R

t he presengee Rfthddicirenniynnat ad Ak ameemialfmmwbmt inftihlls 3@ Psedstinal
conpared to the plasmd control of 8, 128 as _shown in FIG. 8D, and

then se§Wbecdlspervith bepar e, aid 1§rfesen€(%¥nw ik SR ofinag pwifehotp sec,
acetate Mshnte:h q’§1’1’1§ uBWﬁJﬂHL l)VXl et\ﬁﬁigﬁzfeﬁr\ﬂﬁpa mokgd @epﬁg% PWmei rsham

conbi natorially assenbl ed construct. 248] Variants of the

conbi naflopliwh %4 bhElupstescnbyagehen be screened for desirable
properties, such as high production |levels and efficient utilization
of acetate. WD 2009/103027PCT/ US2009/ 034153 Exanple Xl Assenbly of a
Conpl ete Mouse M tochonthial Genondxasipleg¥t he T5 Exonucl ease

One-step | sot hernal Neémgmson of the Three DNA Assembly Methods

[0224] This Example compares the efficacy of the three different in virro assembly methods
as shown in FIG. 1A (two-step thermocycled assembly with T4 pol), FIG. 4A (one-step
thermocycled assembly with Exolll), and FIG. SA (one-step isothermal assembly with T5 exo).
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[0249] The nethods of the present invention were used to assenble the
conpl ete nouse mtochondria! genone. This exanple shows the assenbly
of this geneiRyaWich has previously been difficult topgepgidmednfue
to its high A+T content of -65% The assenbly was perforned using an

8x60rer assemblnfficeidiad Askeribly ofh §hkb Bﬂ_gb@ﬁte oI i gonucl eotides with 20
bp overla?s@ger mcrotiter well to assenble 3 er well

i 75
wel I s 07 St (6 fhp gD BT seaei6r 06 Sne ety a2 Horih 50 Bp

synt hes'o%&ﬁ %)QV&QY@EmBEQ IRB B AR Q8 ng{h'@lbpgﬁ@@ﬂﬁ) a&%ﬂo@n in FIG. 1A,
appropriate 20 bp overlapping regions. reacti ons of

ol i gonuetidont reesr @3N, w@heomploieeamat(cﬁﬁperTR&)nymntlpcgaeétllrldeepau with T4 pol
| i i d
concent b5t L Buled R PRboIE S/ 4AI0 U A EAS AOBLARIELA et ks

i sot her Iﬁahalaﬁﬁ)ﬁﬂﬁlv\}ﬁm‘miameﬁb)fUtﬂ’lEIQB’tﬁSrEﬂhnsfdmedilint@E ddt 1 hour at 50C

produced 1GRRDul i BsetBh g ditean iy i LHGRm e oy Fapiont -

ol i gonuek g6y {a§l9flden tiRAGIMIRELS ©fnsBrihgntnote®| F@@ach RGN hBMo8) DNARUS
allowing the Insert to be released fromthe vector prior to the next

round ofxtasieddany 10 raesformagis sadiggstedenith NoHdongsteamingion e congetgpssedize
into E (cali, MiRklgoyroporation for further analysis. Al assenblies
wer e sequence verifi ea Products were anplified with Phusion

pol ymerase to saturation (30 cycles, all 75 pieces between 35-45
ng/ul). S reactHmRnsn Yok AsReM €6 A0 1h 9eshad With Notl to renove

non- conpl enentary sequences. l361‘2251] NotT di gested reaction

product s O122¢k|In stepég)esholyann EKg9bntwabioyquasablngdriiakiym genomss g and
1,180 b s of
1. 180 Dpsh! j&@@&g%&&wﬁugﬁg@e I @YRB AR 4b By LRl BRGHIRY meggéé

vect or s destgbdd inds)t rA ﬁ“ac;tmm of thoesyaq\nmlgztﬁdftiydhlz RGEh It nge(dh, aaﬁbavp’r indiGed

fol | owi SS since the e desi d,into the.oligon cIe0|des
that pr B RRRE e iR Gttt TR £ P BAER LuDi €8 B G ERHE L ERLLE
1 and casgplieRled}he tubtiber of thmwlongaritheotéd) Ses harisfbdih@ntl% eleaastdnddr fomht KB A
vector prigr to the next round of assenbly. (see FIG 9A); and then

anpl i f i &g W ool IPhiisrRtopoTaArab/sis ended a5 tebiter i 'BHA("SEG Pégpé{fﬁééloﬂ}ﬂ fo 1

pi eces RetdgaAndSr nNAldhbl{ $8@ ok then ABstedIviltEREH FRASEWRIBiRAF BFe@nd
digested with Ascl to renove non- ‘conpl énentary sequences. [ 0252]

Ascl di gwesit sige (-4 kbotenpieddycl-s were then combined to form 5,560 bp

fragments [éz?g%%iﬁmflrggf R ABRRAL Iﬁole&lgsn%ﬁg%&hl%ﬂ ﬁ%phc';?t‘?&l of t%%g rﬁate_tkgg&

reactions rior step were asse as above in p
vect or s Th@8hitlis mgsttancd |dotmr3iint: e&jchwkieotblyf mathkd wachest fos eloningr &irpy hduced

Lnat _pr BAUBECERE™Y S Bl WAP Rl ST L 380 obdt Sy e AR TR C°

1 an;i Caﬁ@ﬁbﬁ)e?tai)BAC?ﬁﬁl é@lﬂp%ﬂ%)sﬁdil&leleﬂaﬂléﬂt?éissen\ﬂﬁy were compared. Also
2009/ 103027PCT/ US2009 034153 to be r e romthe vector prior to
t he nextiCPGEHYdR coaRuia yith (sﬂé@tlpwé%@%ﬁsseehkx SYREMS Srppmitiiddnang n

Phusi on hgﬁlo)ﬁr!?eiaﬁsﬁacfh(?ff t}?e@e g%eemk eSiclsfard ss}nﬂ%g) ass@nblEAEds LR 66VRY 6
pool ed and dlcgeste with Sbf Ito renove non-conpl enent ar§N equences.

[0253] FiinBACRSSDrmsIdgterminehiey W1 6 @k Homek amgungeneirse BNABOSRE-DD
Fopr csenEl ‘hgﬁ%g’é%‘égﬁf E 4 B 2o BRLPRICEARITE: Aok a AERGLAOR)

The ass emd)jzzed f@mvomgNmﬁshgésmngwhnthudezcsed\ﬂ“awactamcatl (thet +23ri®;| m@ﬁt](FIﬁb.sﬁ@é

Lne: ags b st By Dresit®s BR6u8 cailiReobhiEne 5OG iR ™" °°

Ful | -1 eBg@ﬂeﬁl@ﬂmﬂ‘ghe@!ﬂ@ldeﬁnmgﬁoﬁth@ﬁlurﬁl@di]@E&ﬂ@m&’cﬁidhfelv&ﬂwnh comPlR@4tpaim
order to produce a mtochondrial genone that was free from any vector
sequencéhpiemphasigss therimporance g PPt steae LPRynadls a»gkamezfﬂe%#é‘ﬂhng in the

dupl i cated iAtredsREME BN ctil8ent§ 228 BPHE ROMBRES eAdtioR: sug@stifAP®&Scaps can

significantly influence cloning efficiencies in E. coli.

51



WD 20091103027PCT/ US2009/ 034153 Clains 1. An in vitro nethod of
J Oi ni ng a set of two or nore doubl e-stranded (ds) or single- stranded

(ss) DNA ppd apbi@s; Wherein adj acent DNA nolecules to p@ngiuggguﬂ
contain overl appi ng sequences at their termni, said method

conpri si ngozzsmtla@hmn@o;miuﬁhg ﬂ@cbﬂﬂmtm cﬁ‘rthdrggm]eﬁ)bw Bl i Rk @8ndrie, ghe
single vessel with an isol ated non-thernostable 5 to

3 exonu@%é@e@]%%[tmﬁtéékéh%‘“ I@ﬂﬁdcﬁ Bdnege genpimey fropgy mplesulssen foroli
agent, coyld not L(eq}se@nrﬂesa@éﬂb@}dwab Fém&ham fhe A8V B ﬁx%%éi‘ﬁo%lﬁ’ 'o%b %NAQNA

polynerase wth 3" exonuclease activity, or a mxture of said
pol ymer awentivnt th dategem@ idnprRAthpes assrartdy methiods cande kised3ro clone Mreneade

act 1VIL Y310 iy frm 804 hd OR)P. Shch R RhRRLA 18P e 310 kb, hare( ©) @

m xture o S, an
M. genitalium genome (F1G. 6C). As expected, this DNA molecule could not be cloned in £.
coli using the strategy outlined in FIG. 1A. Filling in the gaps with T4 pol, but leaving the
nicks unsealed, does not produce transformants. However, the one-step Exolll- and T5 exo-
based systems of the present invention were successfully used to clone these large DNA
molecules (FIG. 6D). Thus, there are 2 preferred DNA assembly systems as described in the
present invention that can be used to efficiently join and clone DNA molecules up to several

hundred kb in length in E. coli, the approximate upper limit for transformation into this

bacterium.

Example VI
Assembly of Laree DNA Molecules

[6230] Invention methods were capable of assembling DNA molecules of unprecedented
sizes. The complete synthetic ~583 kb M. genitalium genome was assembled in vitro. Itis
well known that DNA molecules become more fragile as they get larger. The success in
assembling such large molecules may be attributed to the presence of PEG in these reactions.
The viscosity of this reagent may reduce shear forces on these large molecules in solution. The
size limit for in vitrro DNA assembly is not known; however, products as large as 900 kb have
been observed for each of the assembly methods. These methods may provide sufficient
amounts of recombined product for an intended application. If not, the assembled product may
be propagated in a host organism. However, assembled DNA molecules of ~300 kb have only
been cloned in E. coli by the one-step assembly methods and not by the two-step methed. One
explanation is that reducing reaction manipulation reduces DNA damage, and thus more intact
clones are obtained. Once better in vitro amplification tools are developed (e.g., RCA), it may
no longer be required to replicate the assembled constructs in a host organism, However,
currently the largest phi29 products reported are only ~70 kb.

f0231] Although several recombination methods are provided herein, the one-step
isothermal system is preferred due to its simplicity. All components of this assembly system
can be premixed and kept frozen until needed. Thus, all that is required for DNA assembly is

for input DNA to be added to this mixture, and the mixture to be briefly incubated at 50 °C.
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(Oa suitable buffer, under conditions that are effective for

j oi ni ng
nol ecul
exonucl
I sot her

agent of (b

pol ymer
pol yrer
claim1l,
unpaire
reactio
nol ecul

the two or nore DNA nolecules to forma first assenbl ed dsDNA

e Wb 99Gpst ep reaction. 2. The nethod of clalnbéTu&Qﬁ&&hpgthe
ease of (a) is a T5 exonuclease and said contacting I's un er

MRt n%@f(‘ﬁd:l{ ¢MBbe \%1 _‘;l' h@fﬂ?&xﬂ%x@ mélidleThserts WREE QbdlotighoRt RWEHI\eh

s PEG and non- st r and- dlspIaC|ng

Heeavailability Of seswﬁugn @ﬁfﬂ\ﬂn@ﬁwple%w’rﬁéﬁ%@@tnéﬁla@m yndipgales. For
23 Gnp1ang 81‘1 &*IS%NA 5898 vd Dhpt }f?ed‘ég ;ﬁ@%eéen-{pﬁl sEiach ko

ererf the cond |t| ns are or digesting any
mulmﬂﬂ om}arpplog 808, angilingisewd threa radEdlbIBNABtOfoob bovd. n’ﬁletlkIéhqlmamyﬂtgm
25 ac?xant%%eou%foh a%i;emfalmg cucn]zn plo%c g e\«\llhlch accumu ?Ltte beddEe t?ley are noPNA
substrates for any of the 3 enzymes, The one-step-thermocyled method, on the other hand, can

be used to generate linear assemblies since the exonuclease is inactivated during the reaction.

Example VII

Codon Optimization

[0232] The methods of the present invention can be used to optimize codon usage in
accordance with the host cell to construct a gene that has the optimal protein yield. Often, the
gene that yields the highest amount of protein gives the optimal yield. However, if the gene is
toxic to the host cell that produces the gene, the optimal yield may be lower than the highest
yield,

[0233] Codons of a gene are computationally optimized to produce a single sequence of the
full gene. This single sequence may not be the very best to produce an optimal yield, but serves
as a starting point. Next, oligonucleotides are generated computationally such that the codon
choices at selected positions are varied. As shown in FIG. 7A, the oligonucleotides may
encompass more than one codon, but within each oligonucleotide at least one codon is varied.
For instance, three different codons encoding leucine are present in three versions of “Oligo 17
The oligonucleotides overlap with one another in order to allow for assembly according to the
methods described herein.

[0234] A sufficient number of oligonucleotides is used to assemble the entire gene. When
the oligonucleotides are assembled according to an assembly reaction, such as any of the above-
described assembly reactions, a gene library is produced such that each member contains a
particular combination of codon variants. Every member of the library, however, yields the
same amino acid sequence. The method thus allows for optimization of translation of the gene
product to provide the same polypeptide, according to the preferences of the chosen host.
Individual clones can be assayed for native protein yield, with the clone producing the optimal

yield selected.
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conprise, at one term nus, a sequence that is non-honol ogous to any
of the DNA nol ecules of interest. WD 2009/103027PCT/ US2009/ 034153

6. The met Rpgl,Rb&he M 5, wherein the non-honol ogous sequeR&ER9/w34153
conprise one or nore binding regions for PCR prinmers, and/or regions

of honol ogy to vector sequences, apgimile Vggognition sites for one or
nore restriction enzynes. 7.The nethog_of any of clainms 1-6, further
conprising repeating the method {Gsnggphmizaettond set of two or nore
DNA nol ecul es to one another to obtain a second assenbl ed DNA

mol ecul e, [8338] tHenAngtendsioh Betprrsentiinyntieenntbisaisedsie gy idpsasntsiebathign
mol ecul &8 uRAL@, Ink pwtan m%ﬂ%&ﬁ%%ﬁ% smegk.gfr‘syé}ns)fr a, Sorberdthd sefincd

one-step in vitro reaction to join a set
doubl e- stormangiedp ptlsymaegai priten stquamde dElGs §B deplatsiipe domblgousyiveteris that
adj acent 0 be j.oined contain ov ' uences

their t&% 'cﬁPanLtg&n%:’nileOZ%f%\ %ndl one ac.lgrsnlalﬁg ngnr glé%lgceel, pro'taeriA ?B‘Bly %g fl%em%uman, pro%tm
2 from C. elegans, protein 3 from S. cerevisiae, protein 4 from mouse, and protein 5 from D,
melanogaster. A consensus protein has motif A from protein 5, motif B from protein 2, domain
A from protein 1 and motif C from protein 3.

[0236] Syntheticaily, one can generate a library of protein variants by putting together
different combinations of the motif and domain protein blocks from a set of homologous
proteins, In the scheme of FIG. 7B, diversity or library complexity is five to the fourth power,
or 625 unique clones that can be tested for maximum activity. The motif and domain protein

blocks may be synthesized according to any of the methods of the previous examples. Then,

library clones may be screened for maximum protein activity.

Example IX
Pathway Optimization and Assembly of a Combinatorial Library

[0237] The methods of the present invention can be used to combine multiple versions of
each gene in a pathway, which are randomly assembled to produce a combinatorial pathway
library, as shown in FIG. 7C. The products of all of the in vitro assembly reactions are then
cloned into an appropriate recipient cell, and the cells then assayed for yield of the specific
product or characteristic of the pathway.

[0238] The versions of each gene may homologues from multiple species or synthetically
generated variants according to the previous examples. The genes may include upstream
promoter elements that vary from one species to the next, such that optimum yield can be
obtained from pathways involving transcription factors.

[0239] These methods allow the possibility of screening for enormous variant pathways that
heretofore would have been impossible to synthesize individually. For example, a
combinatorial library of 10° variant pathways can be constructed from 90 individual genes (10
variants of each of nine genes in the pathway). The genes are synthesized individually, but the
pathways are combinatorially assembled efficiently and quickly in virro. Each gene is flanked

by a joining sequence that provides an overlap with any variant of the adjacent pathway genes

54



(a) an isolated non-thernostable 5 to 3' exonucl ease that |acks 3
exonucl ease activity, (b) a crowdi ng agent, (c) an isolated

t her nost a R9Ras54F and-di spl aci ng DNA pol ynerase W t hpdrexpssgigase
activity, %‘?Zagﬁ? xture of said DNA polynerase with a sgggrll}g Dél\}lA y

pol yner aseyiihak veaska if caSXeMHCHRasRl lﬁeﬁﬁjhtﬁbﬁ}%{' genes), All 90 EbnediteipsOkat ed
t her nost abl e Ilgase, in amounts such that when sard two or nore

DNA nol abtgegthdhevesiyand janadiby the 2ssemibly reaetiqiys o s gacset invegtipy tpireduce
buf f er %l?ééﬂa‘iﬂb%t%ﬁgﬁﬁw and i ncubat ed under isothermal conditions,

S,
the two or nore nol"écul es are assenbled in a conceited reaction.
9. The kit [@X40t|Bdamp& Xconprising (a) T5 exonucl ease, (b) PEG (c)

Phusi OnTM[% pz&)slsgm 5(% gCo%%gna(o%)aI 11_1%1%1}'/ logégtlemize an Acetate Utilization Pathway
[0242] The methods of the present invention were used to create a cormnbinatorial library of
synthetically made orthologs to the acetate kinase ackA gene and the phosphostransacetylase
pta gene in E. coli in order to optimize the acetate utilization (ackA/pta) pathway. The ackA/pta
pathway in E. coli enables growth on acetate as a carbon source. Both genes mediate the
interconversion between acetate and acetyl-CoA, as shown in FIG. 8A. Acetate kinase (ackA)
converts acetate plus ATP to acetyl-phosphate. Phosphtransacetylase (pta) converts acetyl-
phosphate and CoA to acetyl-CoA. E. coli produces substantial amounts of acetate during
excess glucose fermentation in high density cultures, and acetate is the major byproduct under
aerobic conditions. High acetate concentration inhibits growth because it decouples
transmembrane pH gradients, which in turn negatively affects internal osmotic pressure, pH,
and amino acid synthesis. In addition, the acid pretreatment of biomass releases substantial
amounts of acetate (derived from the acetyl side chains of hemicellulose). The methods
described in this Example show the use of combinatorial optimization to boost acetate
utilization by the host cells to eliminate excess acetate and enhance growth of the host. A strain
of E. coli was developed that was not inhibited by the presence of acetate when grown in a
glucose-salts minimal medium, and could grow vigorously on acetate as the sole carbon source.
[0243] Variants of the ackA and pta genes were combinatorially placed under independent
promoter control. The library was constructed from synthetic orthologs to both genes from five
different organisms with four different promoters for each gene, as shown in FIG. 8B. The
c;l‘ganisms are Methanosarcina acetivorans, Clostridium phytofermentans, Pelobacter
carbinolicus, Ruminococceus ignavus, and E. coli. The four promoters have different strengths,
as indicated by VS (very strong; recA), S (strong; Al T7), M (medium; ssb), and L (low; lacl),
All the variant pieces were made synthetically by Integrated DNA Technologies (IDT). The
complexity of the library (total number of combinatorial constructs) was 400 (4 x 5x 4 x 5).
[0244] In order to construct the library, four different DNA fragments were required as well
as a vector, requiring assembly of five DNA pieces in all. To each of the genes a ribosome
binding site (rbs) and terminator sequences were added, as shown in FIG. 8C. Additionally, a

linker (40 bp) was used to connect the genes with the promoter pieces. At both ends of the total
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WO 2009/ 103027PCT/ US2009/ 034153 10. A nethod of nodifying the
properties of a whole nucleic acid nolecule, said nmethod conprising:

(a) represehtabh@gal |y dividing the nucleic acid sequepeﬁl}g{gﬂ@gﬂ_‘gﬂ

whol e nucleic acid nolecule into a nultiplicity of portions along its

| engt h therelyby slenbpdfivd Rgudndes SRIRIMETES vlorRACE I BACHWEdREE at EcoRI site,
nmol ecul es; (b) providing, for at |least 3 of said parti al

nucIe|cE@Bﬁ@@ﬂﬂ%%emﬁdﬁﬂﬁﬁpbﬂh%W¥Wﬂ@FaW@WﬁHnts of each partial nucleic
d | |
aci ol e 1 All thﬁ sgntﬁ& e i é&ﬁfﬁﬁ@;g (%eéli 3 ng%?!)&&gls h Qe 'ﬁaﬁﬁedrsl? ﬂ%ttl

variants a ong W t ny parti al ecul es
vari ed, smd:seamé |suppthhé apasdrisah pHGOY elasmiasi th ordtrde wilese the pmcs faorn ghe

thereof aQn er eguences at Lr.ter ereb
ascenbl §aPeraNGL P ATEh AR SR SR b o betPlsand R By AR B 0K
in the mhxmfezmmul\ldﬂrde@ud 1eadtion asiseudal of 26ffmal sfehil qsﬂth@plbymﬁaﬁ pieags (&0dls

O oot B S oL SR BT BF Tt the @GR ier s hel B o e

proper t ikee dactst @viadthb tﬁe)o@elé%ﬂdmllﬁ ENSING) zﬁldétﬁd foﬂotr&eh@ﬁm&l site and
wherein the asse Ilqg step orned by the net hod of

cl ai m 1 therefoigivaranafiafieeredry ﬁ‘@d"&?ﬁt JT@P ﬁf%lg egrigtion digest ipgrtion wip earied out in
doubl e- tgb %Nggpg]e(}gﬁf AtQF of 2@9 |ant31§LJ aedatbuiss hs ﬁwAe?yB $ of MDE! €5 pl

adj acen nol ecul es to be joined contain overlapping s quences a
t hei r t ef BbAIL S pbefi miffientahdd péofi¥etl.si ng contacting in vitro the two or

more DNA Wﬁlgf’ Lﬂoﬁgwinrg] oRe %lﬂqglgzb\a{t?osns‘?l?ﬁ \Attthe DNA was extracted with phenol-

chloroform-isoamylalcohol and ethanol precipitated. The pellet was resuspended in the same
initial volume of 28 ul.. Then, the isothermal T5 exonuclease assembly reaction was conducted
by incubating the following reagents at 50 °C for 30 minutes: 28 ul of pooled DNA (100fmol of
each of the 4 pooled pieces), 1.0 pl of pCCIBAC (100fmol),16 ul of 5X ISO buffer, 1.6 ul TS5
exonuclease (0.2U/ul, Epicentre), 8.0 ul of Taq DNA Ligase (40U/ul, NEB), 1.0 ul of Phusion®
DNA Polymerase (2U/ul, NEB), and 24.4 pl of H20, for a total 80 pl reaction.

[0247] The DNA from the reaction was extracted with phenol-chloroform-isoamylalcohol
and ethanol precipitated. Potential assembly products were visualized on 0.8% EtBr E-Gel.
Standard procedures were used to transform E. coli, and strains that were not acetate inhibited
and grew well on acetate as the sole carbon source were selected for. A triple E coli mutant
(Aacs AackA Apta; deficient in acetate utilization and therefore does not grow on acetate
substrate) was transformed with assembly reaction, whereby 20 ul of electro-competent cells
were electroporated with 2 pl of the assembly reaction. The cells were plated on minimal
medium agar plates containing 50 mM of acetate as a sole carbon source and chloramphenicol
for selection, and incubated at 32°C for 4 days. Resulting colonies were then analyzed to
confirm the presence of the combinatorial assembly product (11,830 bp as compared to the
plasmid control of 8,128 bp) as shown in FI1G. 8D, and then sequence-verified. The triple
mutant, which cannot grow on acetate was thus successfully transformed with a pACK-PTA
combinatorially assembled construct.

[06248] Variants of the combinatorial constructs may then be screened for desirable

properties, such as high production levels and efficient utilization of acetate.
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(a) an isolated non-thernostable 3' to 5 exonucl ease active in the
presence of dNTPs, (b) a crowding agent, (c) an isolated

heat - act i pol ynerase, (d) an isol ated thernos

(e) a mxﬁgﬂé’%&% and (f) a suitable buffer, Péﬂ'&%zog}r/&ﬁ%@
conditions that are effectlve for j@iafipngxthe two or nore DNA

nol ecules to forma first assenbl ed dsDNA ol ecule In a one-step

t her nocycl edAsa L Corpplagt ' WE drcel EXHE

exonucl ease of (a) I's Exonucl m%teq,qso'[ﬁ@mqmgggdof cI aim 11, wherein
pol ymerase of (c) is heat-activated by the renoval of an inactivating

moi ety Cofﬁ%@]‘»‘%h\éﬂn{éﬁﬁdg 6f 7€ lp)’e@?x{t%%nﬁcgh FeDe8T S GRS Ible\fe SBRPIAE mouse

mitochondrial genome. This example shows the assembly of this genome, which has previously

been difficult to construct due to its high A+T content of ~65%. The assembly was performed
using an 3x60mer assembly method, i.e., eight 60 base oligonucleotides with 20 bp overlaps per
microtiter well to assemble 300 bp per well, in 75 wells.

[0250] Briefly, 600 60 base oligonucleotides were synthesized to cover the entire
mitochondrial genome, with appropriate 20 bp overlapping regions. 75 reactions of 8
oligonucleotides each were pooled at a per oligonucleotide concentration of 180 nM. The
oligonucleotide pools were then diluted 1:4 with the assembly system components, and
assembled with the T5 isothermal assembly method of the present invention for 1 hour at 50°C
in pUC19 vectors. Notl restriction sites, which flank each insert are produced following
assembly since they are added to the terminal oligonucleotides in each set of 8 {(e.g., oligo 1 and
oligo 8), thus allowing the insert to be released from the vector prior to the next round of
assembly. The 75 assembly reactions were then transformed into E. coli via electroporation for
further analysis. All assemblies were sequence-verified. Products were amplified with Phusion
polymerase to saturation (30 cycles, all 75 pieces between 35-45 ng/ul). 5 reactions were
pooled and digested with NotI to remove non-complementary sequences.

[0251] Notl digested reaction products of wells were then sequentially combined, first to
form 1,180 bp fragments (five 300 bp fragments in 15 reactions). Pools of 5 reactions from the
prior step were assembled as above in pBR322 vectors. Ascl restriction sites, which flank each
insert are produced following assembly since they were designed into the oligonucleotides that
produce the terminal cassettes in each set of 5 (e.g., cassette 1 and cassette 5), thus allowing the
insert to be released from the vector prior to the next round of assembly. (see FIG. 9A); and
then amplified with Phusion polymerase to saturation (30 cycles, all 15 pieces between 45-70
ng/ul (see FIG. 9B). 5 reactions were pooled and digested with Ascl to remove non-
complementary sequences,

[0252] Ascl digested reaction products were then combined to form 5,560 bp fragments
(five 1,180 bp fragments in 3 reactions). Pools of 5 reactions from the prior step were
assermbled as above in pSmart-BAC vectors. Sbfl restriction sites, which flank each insert are
produced following assembly since they were designed into the oligonucleotides that produce

the terminal cassettes in each set of 3 (e.g., cassette 1 and cassette 25), thus allowing the insert

57



WO 2009/ 103027 14. The nethod of claim 11, wherein the crowdi ng agent

of (b)

Is PEG and/or the DNA polynerase of (c) is AMPLI TAQ GOLD(r),

and/ or theydifasg.pf (d) is Taq Iigase. PCI/US2009/ 034183yshaed1fs3
met hod of any of clainms 11-14, further conprising repeating t'F1e i
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mitochondrial genome (16,299 bp), The assembled genome was designed to contain an
additional 221 bases (bases 1-221 are duplicated at the end of the sequence, see below) so the
assembly product is therefore 16,520 bp and not 16, 299 bp. Full-length sequence clones were
then sequence-verified.

[0254] In order to produce a mitochondrial genome that was free from any vector sequence
(i.e., exactly as found in nature) bases 1-221 were duplicated at the end of the 16,299 bp
sequence (i.e., at bases 16,300 bp to 16, 520 bp) to produce an assembled product size of
16,520 bp. Digestion with PmlI (designed into the oligonucleotides that produced cassettes |
and 75) releases the vector sequence. This creates an overlap between the ends of the
mitochondrial genome, which can then be joined by the T5 exonuclease isothermal assembly
method (or the other assembly methods) as shown in FIG. 9F.

[0255] From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention, and without departing from the spirit and scope
thereof, can make changes and modifications of the invention to adapt it to various usage and
conditions and to utilize the present invention to its fullest extent. The preceding specific
embodiments are to be construed as merely illustrative, and not limiting of the scope of the
invention in any way whatsoever. The entire disclosure of all applications, patents, publications
(including reference manuals) cited above and in the figures, are hereby incorporated in their

entirety by reference.

58



(a) an isolated non-thernostable 3' to 5 exonucl ease active in the
presence of dNTPs, (b) a crowding agent, (c) an isolated

heat - acti @ o/ P0l ymerase, (d) an isol ated ther mSpapl 8y GRS,
(e) a mxture of dNTPs, and a suitable buffer, i n anounts such

t hat when said two or nore DNA nol ecUlgss ar e added to the kit, in the
presence of a suitable buffer solution and dNTPs, and incubated under

ormoyel e, cond L ot A4S SheTRLE VA TRl el 52 2t asscrolsd.

Exonucl egsfied {ss) DINB) mBle&ales, wherein adjacent DNA molecules to be joined contain
overlapping sequences at their termini, said method comprising contacting in vitro the two or
more DNA molecules in a single vessel with

(a) an isolated non-thermostable 5’ to 3'exonuclease that lacks 3'
exonuclease activity,

(b) a crowding agent,

(c) an isolated thermostable non-strand-displacing DNA polymerase with 3’
exonuclease activity, or a mixture of said DNA polymerase with a second DNA polymerase that
lacks 3’ exonuclease activity,

(d) an isolated thermostable ligase,

{e) a mixture of dNTPs, and

{f) a suitable buffer,

under conditions that are effective for joining the two or more DNA molecules to form a

first assembled dsDNA molecule in a one-step reaction.

2. The method of claim 1, wherein the exonuclease of (a) is a TS exonuclease and

said contacting is under isothermal conditions.

3, The method of claim 1, wherein

the crowding agent of (b) is PEG, and/or

the non-strand-displacing DNA polymerase of (c) is Phusion™ DNA polymerase or
VENT® DNA polymerase, and/or

the ligase of (d) is Taq ligase.

4. The method of claim 1, wherein the conditions are also suitable for digesting any

unpaired, non-homologous, single-stranded DNAs following the joining reaction.

3. The method of claim 4, wherein at [east some of the DNA molecules to be joined
comprise, at one terminus, a sequence that is non-homelogous to any of the DNA molecules of

interest.
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(c) AWVPLI TAQ GOLD(r) DNA pol ynerase, and (d) Tag |igase. WO
2009/ 103027PCT/ US2009/ 034153 18. A net hod of nodi fying the properties

of a whol gy&umh (?3927aci d nol ecul e, said nethod conpri si @?'Tfuszu o/03448)
representationally dividing the nucleic acid sequence of sald whole

nucl ei ¢ aci dgndl e¢Hd RiethBl Of Aaikid, tiRkdi® the oRhoRBlokb @S q @8RG okpSise one or
| ength thereby identifying the sequences of partial nucleic
mol ecul @ore binding 1“(8391156%/’01\’/&' FRIPHEersf g1/t | east 3 of said partial

nucl ei ¢ nol eﬁ%gid?ﬁ of ﬁ‘or??a’l)@}'; R JeGiok Yo Qén&é%r

nh@pt s of each partial nucleic
aci d nol ecul e; conbi natoriall'y assenbling in vitro said

vari ant s al omgogwitibn girey fgpane pamorpucitedtonagoinesol ecul es whi ch are not
varied, wherein the partial nucleic acid nolecules or variants

t hereof contain overlappi ng sequences at their term ni whereby
assenbly of ¥he péha ingthodatdreiat chongl-fofueben compapidg vepeitagtthe mp@pdtsfjoin

in the mxt uhc.MOWdof GEU'BNATASTRYR & eozﬂlo&‘lel“éé' bRl 4 Sdeb¥y gsfser%ﬁﬂgci BRES
of the Whole nuclelclacrd mol ecu e; and' c% expr essi ng e
var i ant snddcutehandnhal pimnciheificst acd the saioed uisemblod Bdile muiaaealearvyobmnda fHield

properties said variants of said whole nucleic acid nol ecul e;
wher ei nafsﬁ@%&%{é:@g\ﬁﬂﬁﬁeﬁﬁestep (c) is performed by the method of
claim11.

8. A kit for a one-step in vitro reaction to join a set of two or more double-stranded
(ds) or single-stranded (ss) DNA molecules, wherein adjacent DNA molecules to be joined
contain overlapping sequences at their termini, comprising in a single vessel

(a) an isolated non-thermostable 5’ to 3'exonuclease that lacks 3'
exonuclease activity,

(b) a crowding agent,

(c) an isolated thermostable non-strand-displacing DNA polymerase with 3’
exonuclease activity, or a mixture of said DNA polymerase with a second DNA polymerase that
lacks 3’ exonuclease activity,

{d) an isolated thermostable ligase,

in amounts such that when said two or more DNA molecules are added to the kit, in the
presence of a suitable buffer solution and dNTPs, and incubated under isothermal conditions,

the two or more DNA molecules are assembled in a concerted reaction.

9. The kit of claim §, comprising
{(a) T5 exonuclease,

{(b) PEG,

() Phusion™ DNA polymerase, and
(d) Tag ligase.
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19. A nethod of nodifying the properties of a whole nucleic acid
nmol ecul e, said nmethod conpri sing: (a) representationally

di vi di ng thejauelsgi,c aci d sequence of said whol e nucl epgragiodonssiss
nol ecule into at least 5 portions along its |ength thereby

identifying tthe saguences midiffaltthabropiiabaifa wilemitlesicid moleculé bhid
providing, for at |east 3 of said partial nucleic nolecules, a
nul ti pl PEthog cempiigipgant s of the partial nucleic acid nol ecul e;

(c) conbi nat gyi al }epreééﬁﬁfmmmvmg%é FR1G@ A YRLERBLEsA ARG Whiibic AR
partial nuclerc acid nolecul’es which are not varied, wherein the

part i al melrshilsiintoaciveltipiidie el begiony along itelnngh theeabg adendbimgatha sequences of

over | apggl@lg %%ﬁl'r'cex%%gul t their termni whereby assenbly of the
parti al nuc]I el'c acrd nmol'ecul es and variants thereof in the m xture

woul d resul t (B)n agsewbigyfooht laastBlof bqid patiilyhuckicuasleaitsSa mbltiphieitydfol e
nucleic acid nolecul e, and . d) expressing the variants of the
whol e nﬁ@l‘z@l{scor}%&ﬁbl_’wléllﬂa% af‘&%‘%cé‘i% ne any nodified properties of

the variant s(9f s@inthini@hlynkeh®iife AClMo R e41the. alondith any partial nucleic
2009/ 103027PCT/ US2009/ 034153 20. The et hod, of claim 19,

wher ei na¢if@olggriesmhichgre pefgraiied phateinftie patial naclels At raelatudesr §diides
degener gfeg.of 0641Ein BlerldpBint QHHBNLQ k¢ BIBE T WhEreBThiom B i thesRRANRSLIGY
t he par ?Jf-ealo nuc gi cela%?lg%n%ﬁg%ue?es; or “ 1\>\3/h{ér!rlei n the \??rai ants of
t he par téidimoisolee perd wagiadts ivhrend i ée privwicieowdd mablt inpdsiesittly ofof mnlfiplieiycot
acid cogglra%s O%haeueﬂ&g'ﬁmq&; g&&h{&gecafeagn%cri ption or translation of the
whol e nullrerc™aci d nol'ecuf & or ’

(d) expressing the variants of the whole nucleic acid molecule to determine any

modified properties of said variants of said whole nucleic acid molecule;

wherein the assembling of step (c) is performed by the method of claim 1.

Il.  Anin vitro method of joining a set of two or more double-stranded (ds) or single-
stranded (ss) DNA molecules, wherein adjacent DNA molecules to be joined contain
overlapping sequences at their termini, said method comprising contacting in vitrro the two or
more DNA molecules in a single vessel with

(a) an isolated non-thermostable 3’ to 5’ exonuclease active in the
presence of dNTPs,

{b) a crowding agent,

{c) an isolated heat-activated DNA polymerase,

{d) an isolated thermostable ligase,

(e) a mixture of dNTPs, and

) a suitable buffer,

under conditions that are effective for joining the two or more DNA molecules to form a

first assembled dsDNA molecule in a one-step thermocycled reaction.
12, The method of claim 11, wherein the exonuclease of (a) is Exonuclease II1.

13.  The method of claim 11, wherein polymerase of (c) is heat-activated by the

removal of an inactivating moiety combined with the polymerase in a heat-sensitive manner.
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wherein the variants of the partial nucleic acid nolecule provide a
multiplicity of regions encoding domains or notifs of peptides or

proteins Sﬂgggggﬂg% the whol e nucleic acid nol ecul & OberpsageIgEel N
t he peptides or proteins encoded by said partial nuclelc aci

mol ecul es fungti omhd @EMbAGS clhim B, M@kahP! i ¢ pat hnay. 21. A
met hod of nodifying the P Bertles of a whol e nucl eic acid nol ecul e,
sai d met hod BEFEYERmggent of (0) is PES) apdpy esent at i onal |y di vi ding the

nucl ei ¢ aci dzh%@tuﬁpssﬁyn%iaséafé) M@LPHQ?@GL@@%QMHP' ecule into a
mul tiplicity of portirons along its length thereby identifying the

sequences of thedigrieall (e Tad Bgasel ecul es; (b) providing, for at
| east 3 of said partial nucleic nolecules, a nultiplicity of variants
of the partial nucleic acid nol ecul e; (c) conbinatorially

assembl i ng i BS.vi t Tee wathed obanyfclairas bt (e serppipdne iepdating Blesnethetidpd
mol ecul n \A\Qéc%nd &G R}% rHVrﬁl&e?ﬁdA %‘?Jcﬁieé‘ tot £ 398‘151&1 tglobﬁﬂlczl 5% gn(@a%e beled

nol ecul es” or variants thereof contain overlapping sequences at
t er m ni Divemebyulassenidnyjoofing the fipaatd té savond assaniHded B’N?omebmhlastowbdun a

vari ant c?e&gqﬁvg$1§§§§Q%?C re would result in assenbly of a

nultlpl ‘he whol e nucleic acid nol ecul e; and
(d) expressing the variants of the whole nucleic acid nolecule to

det er i ne_ane 100N PLAPRLE LS Pl I8 o 254 206 3¢ Blo MR € trancea

nucl eic acid P ARt
nucl ei c (&g bosingé-ecatded pmpDNAmd{eg&amew&é;mﬂ:ﬂ;muﬁNA hmlamlé@m Begbined e
or nore am.no aci ds encoded géFthe partial, nucleic acid nolecules, or

wher ei n SPHENPEFTARRING SEIUCPERS Ah el eIt ROPWYEng 7 §SiRZF&EHFle provi de a
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transcrbﬂiéggogéN%éfnslatlon of the whole nucleic acid nol ecule, or
(b) a crowding agent,
(c) an isolated heat-activated DNA polymerase,
(d) an isolated thermostable ligase,
(e) a mixture of dNTPs, and
(H a suitable buffer,
in amounts such that when said two or more DNA molecules are added to the kit, in the

presence of a suitable buffer solution and dNTPs, and incubated under thermocycled conditions,

the two or more DNA molecules are assembled in a concerted reaction.

17.  The kit of claim 16, comprising

(a) Exonuclease II1,

(b) PEG,

(c) AMPLITAQ GOLD® DNA polymerase, and
(d)  Taqligase.
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WO 2009/ 103027PCT/ US2009/ 034153 wherein the variants of the
partial nucleic acid nolecule provide a multiplicity of regions
encodi Ng ¢RBjeRSesey Motifs of peptides or proteins encedgfisvobdes:
whol e nucleic acid nol ecule, or wherei n peptides or proteins
encoded by sagd parhdtidd dfusddefyth aﬁé goﬁatlwlaa&diwmudl@md PORbINESsaldn a
met abol i c pat hway. 22. The net ho of claim19, 20 or 21, wherein the
assenbl YWethpdseBpTisias: i s performed (1)by a nethod conpri sing:

(a) contactipg Sa}eg;e\éé{tdt%ﬂﬁﬁy (ﬁ\zi‘a[}&hﬂﬁ\% ﬁ&lé@%u@?& bRk oPYEH §hSleAGkSc acid
nol ecul es which are not vari'ed wth a non- rocesswe 5" exonucl ease;
and wi t imolecule into a multiplidsly of peitiant dorg utseln@@bl iy identifyieg the erquiprres QSB)

whi ch acgcel .c acid annealing; and with (c) a
non- st rgg{g]ag‘{ E?‘:Z%IQ%‘EJI&A pol ymerase; and with (d) a
| i gase, (b)  providing, for at least 3 of said partial nucleic molecules, a multiplicity of

variants of each partial nucleic acid molecule;

() combinatorially assembling in vifro said variants along with any partial nucleic
acid molecules which are not varied, wherein the partial nucleic acid molecules or variants
thereof contain overlapping sequences at their termini whereby assembly of the partial nucleic
acid molecules and variants thereof in the mixture wounld result in assembly of a multiplicity of
variants of the whole nucleic acid molecule; and

(d) expressing the variants of the whole nucleic acid molecule to determine any
meodified properties of said variants of said whole nucleic acid molecule;

wherein the assembling of step (¢) is performed by the method of claim 11.

19, A method of modifying the properties of a whole nucleic acid molecule, said
method comprising:

() representationally dividing the nucleic acid sequence of said whole nucleic acid
molecule into at least 5 portions along its length thereby identifying the sequences of partial
nucleic molecules;

{(b) providing, for at least 3 of said partial nucleic molecules, 2 multiplicity of
variants of the partial nucleic acid molecule;

(€) combinatorially assembling in vitro said variants along with any partial nucleic
acid molecules which are not varied, wherein the partial nucleic acid molecules or variants
thereof contain overlapping sequences at their termini whereby assembly of the partial nucleic
acid molecules and variants thereof in the mixture would result in assembly of a multiplicity of
variants of the whole nucleic acid molecule; and

(d) expressing the variants of the whole nucleic acid molecule to determine any

modified properties of the variants of said whole nucleic acid molecule,
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under conditions effective to join the variants and partial nucleic
acid nol ecules that are not varied so as to result in assenbly of a

mul tipliciviy20b/1ds8s4 ants of the whol e nucl ei c acid nol eeyl@i0a9i34(B) by
in vivo assenbly. 23.The nethod of any of clains 19-21, further

conpri si ng agéenbiThagethad obelairdre wibetetha ualimtscofaled ghrthad hedeik @sid molecule

prepared according to said methods in vitro or in vivo. 24.Alibrary
of vari éfﬁ‘f‘”%\i;&gmﬂ%é%g?@é °§%ﬁ%$°é‘cf°’b%%%é’“%f‘%*& agids garpdest Dxeihg pagiak o
or 18- 2hLuciée abidmslidul@doDNA nol ecul e prepared by the nethod of any of
clains 10 or 18-21. 26.The nodified DNA of claim 25 which conprises
at | east one“hpicimine syiands the narenl srcleie asid srplecglferrepds Hingbipligipnefrmyrleic

Sequencgq;aBHA 'sequences affecting transcription or translation of the whole nucleic acid
molecule; or
wherein the variants of the partial nucleic acid molecule provide a multiplicity of regions
encoding domains or motifs of peptides or proteins enceded by the whole nucleic acid
molecule; or
wherein the peptides or proteins encoded by said partial nucleic acid molecules function

together in a metabolic pathway.

21. A method of modifying the properties of a whole nucleic acid molecule, said
method comprising:

(a) representationally dividing the nucleic acid sequence of said whole nucleic acid
molecule into a multiplicity of portions along its length thereby identifying the sequences of
partial nucleic molecules;

(b) providing, for at least 3 of said partial nucleic molecules, a multiplicity of
variants of the partial nucleic acid molecule;

(©) combinatorially assembling in virro said variants along with any partial nucleic
acid molecules which are not varied, wherein the partial nucleic acid molecules or variants
thereof contain overlapping sequences at their termini whereby assembly of the partial nucleic
acid molecules and variants thereof in the mixture would result in assembly of a multiplicity of
variants of the whole nucleic acid molecule; and

(d) expressing the variants of the whole nucleic acid molecule to determine any
modified properties of the variants of said whole nucleic acid molecule;

wherein the variants of the partial nucleic acid molecule provide degenerate forms of the
codon for one or more amino acids encoded by the partial nucleic acid molecules, or

wherein the variants of the partial nucleic acid molecule provide a multiplicity of nucleic
acid control sequences affecting transcription or translation of the whole nucleic acid

molecule, or
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at | east one nucl eoti de sequence that encodes an optim zed protein;

and/ or

at | east one sequence that encodes an optim zed pat hway.

WO 2009/103027 PCT/US2009/034133

wherein the variants of the partial nucleic acid molecule provide a multiplicity of regions
encoding domains or motifs of peptides or proteins encoded by the whole nucleic acid
molecule, or

wherein peptides or proteins encoded by said partial nucleic acid molecules function

together in a metabolic pathway.,

22.  The method of claim 19, 20 or 21, wherein the assembly in step (c) is performed
(1) by a method comprising:
(a) contacting said variants along with any partial nucleic acid molecules
which are not varied with a non-processive 5’ exonuclease; and with
(b) a single stranded DNA binding protein (SSB) which accelerates
nucleic acid annealing; and with
(c) a non-strand-displacing DNA polymerase; and with
(d) a ligase,
under conditions effective to join the variants and partial nucleic acid molecules that are
not varied so as to result in assembly of a multiplicity of variants of the whole
nucleic acid molecule; or

2) by in vivo assembly.

23. The method of any of claims 19-21, further comprising assembling two or more

whole nucleic acid molecules prepared according to said methods in vitro or in vivo.

24, A library of variant DNA molecules prepared by the method of any
of claims 10 or 18-21.

25. A modified DNA molecule prepared by the method of any of claims 10 or 18-21.

26.  The modified DNA of claim 25 which comprises at least one optimized
codon; and/or

at least one optimized control sequence; and/or

at least one nucleotide sequence that encodes an optimized protein; and/or

at least one sequence that encodes an optimized pathway.
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