WD 2006/ 047461 PCT/ US2005/038281 -1 Repair of Nucleic Acids for |nproved
Amplification BACKGROUND 5 Various approaches have been reported to
repai r DNfoOusieng74dsase exci si on enzynes. Unfortunately, roeas2@ppsseaches in
di fferent ways cause further damage to the DNA. Conventional PCR

t echni ques have been nodified to i nprdve anplification in sone aspects.

U. S. Patent No. 5,035,996 describes a process for 10 controlling

contam nati on ®epsdi BffNﬁéléicaﬁIEid§ *féatmﬁprbew A%?Iiﬁ@étlovﬁes the
nodi fied nucl eotide, dUTP, in the anplification reactio Thi s process

uses uracil glycosylase to elimnate those PCR products containing uraci
to prevent contam nating subseqwigt EﬁE ;Eﬁctions. U. S. patent publication
no. 2004-0067559 Al also relies d bases in priner DNA prior to
anplification and uses, for exanple, dUTP for incorporation into the
anplicon. The anplicon can then be fragnmented by addi ng, for exanple,

Uraci | sDNA Gmﬁégp@w@ae@h@vﬁnwén%@@e@j t&Erephir MNAZQsh'g:} start
u

nucleic acid anplification has been used to |ower ms-primng ring PCR
One type dfaseoexacismtt eaaphids. cb)fnfontumamé\s, theset apppoadwe i of a PCR pri ner

I The PORIFGERRE WRYS Gaiss birtbRRATBags Bo% DIWe degTvaRuSRRl BER PLoseM
unbl ocked t@fpﬁeq%ge% ASVEGSE AP HE &lflq% t@@@ﬁéb%ﬁaﬁﬁg&ﬂé&tlbﬁ Acldme at >37C

Ther ef or e, ynerase w I rimers once the
exonucl easspeths 0akS . tretedit md5m35:9‘% déktebastd pﬁd)aesshﬁorTaq pol ynmer ase

I s blocked and then activated at anplification tenperatures. 30
10 controlling contamination of nucleic acid amplification reactions that
uses the modified nucleotide, dUTP, in the ampilification reaction.
This process uses uracil glycosylase to eliminate those PCR products
containing uracil to prevent contaminating subsequent PCR
reactions. U.S. patent publication no. 2004-0067559 A1l also relies
15 on modified bases in primer DNA prior to amplification and uses, for
example, dUTP for incorporation into the amplicon. The amplicon
can then be fragmented by adding, for example, Uracil-DNA

Glycosylase (UDG) and Endonucleaese (Endo) IV.

20 Hot start nucleic acid amplification has been used to lower
mis-priming during PCR. One type of hot start amplification relies
on the presence of a PCR primer with a blocked 3’ terminus to
prevent extension by the polymerase present in the PCR reaction
(see for example US 2003-0119150). The primer is unblocked by a

25 thermostable 3’-5’ exonuclease that is active at >37°C. Therefore,
the polymerase will only extend the PCR primers once the
exonuclease unblocks the 3’ end at >37°C. Alternatively the Tag
polymerase is blocked and then activated at amplification
temperatures.

30



WO 2006/ 047461 PCT/ US2005/ 038281 -2 Barnes, W M Proc. Natl. Acad. Sci.
USA 91:2216-2220 (1994) describes the use of vent polynerase and Taq

pol yner i swo 286/@m6i npr ovenent over the use of Taq pol ynmecras2@sioys2sn
anplification. CGhadessy et al. reported a mutant Taq polynerise 5 that is
not halted by damaged or abasic sites2{Chadessy et al. Nature Biotechnol.
22(6) :755-9 (2004)). It has been reported that conventional anplification

techni ques ar eggpnps OW.Sad Proct RacPMrd$ Sebgigmigablby glapeged 10
(DiBernardo et al. Nucl. Acids Res.30:el6 (2002)). Degradation and/or

f ragnent a(l@ﬁn))ﬂe@lslﬁbeemhiet usgy of nantepplysuera seoantel appol pmesase and
m croorgani sms_whi ch contain DNA endonuc| ease s a frequent problemin
f or ensi csas @lrhﬁﬁ%@V@n'te&tt%V%{'nH‘@ HSE HeTagmAlYMYRSEMNNND affects fidelity

and yield t I em of

degr aded ﬁ%}&) fQC%& é@%@é#&]‘#g& %?g E{/\,ﬁ—b@t%?{t Té’ pOtIYh Q

obt ai ned fﬁmsfﬁégﬁ%ltedeﬁg'dﬁ?ha%d%ﬁ BBBBIYsitas SG@lra@I%@s?f@c alFrorrenty B.,

et al. Nucl. Acids Res €50 (2000) and 0 I nternational Publication
No. WO 01N&866e Béphbechablt BQ(G)BEE?&[E@@G&)X Exo) 11l inproved yields of |ong
PCR Fronmenty also reported decreased yields of anplicon for DNA< 500 bp.
One of the problens associated with the use of Exo Ill is that it degrades

tenpl ate and pgi I ' 30(4):el6
(2002) descri bg%%%?ee%gE%?ﬁ%@% &%‘gés%t'é\%l ?”@g ;mr?fi an E. co/i
pol ymer as gadthigaes| a:fe/céhgrrbnmgethiMhefDnglﬁ:tﬁgte@mmrsy Shnadmaideen
cross-linked regions of ubl e- stranded DNA
10 (DiBernardo et al. Nucl. Acids Res.30:e16 (2002)). Degradation
and/or fragmentation of DNA resulting from exposure to the
environment and microorganisms which contain DNA endonucleases
is a frequent problem in forensics, diagnostic tests and routine
amplification and affects fidelity and yield of the amplification
15 product. In addition, the problem of degraded DNA is also faced by
researchers who are analyzing the DNA obtained from frozen,

extinct or extremely rare organisms.

Fromenty, B., et al. Nucl. Acids Res. 28(11):e50 (2000) and
20 International Publication No. WO/0151656 reported that
Exonuclease (Exo) III improved yields of long PCR. Fromenty also
reported decreased yields of amplicon for DNA< 500 bp. One of the
problems associated with the use of Exo III is that it degrades
template and primers.
25
Di Benardo et al. Nucl. Acids Res. 30(4):e16 (2002) described
the use of T4 DNA ligase (T4 ligase) and an E. coli polymerase to
amplify short regions of single-stranded DNA between cross-linked

regions of double-stranded DNA.
30



30 WD 2006/ 047461 PCT/ US2005/ 038281 -3 Anot her approach to anplification
of damaged DNA has been described in U S. Publication No. 2003-0077581.
Degr aded woch@/m746aci d was hybri di zed to undegraded nuclperwsaaisdssrarvi ng a
sequence honol ogous to the degraded nucleic acid. Regions of the degraded
5 nucleic acid were then filled in w-th nucl eotide precursors. The
fragmented strands were then covalently linked using a polynerizing and/or
|1 gating enzylforRrefas@dcngy BAiphffBstiin 09 RITABIGEdBN ATas béamg ed DNA
can 10 be obtained comercially fromSigm, St. Louis, MO and (bi ogene,
now MP Riewreibethirs U.5r Pudicatan Niot G 007e sihp d3egiadedatucieice
preparations are not provided, it is,assunmed that Exo Ill is contained in

]the p{ ﬁpﬁi%twféﬁ.hmﬂ@iﬁﬁéﬂ_ﬁrlélﬂqj%ﬂéi%‘?@ e'ﬁraé?é% MBI FFAERACE enpl at es
e n . .
co?ﬂs)i naﬁ?%ﬂ%gng(éigggfﬂh%ﬁﬂé\a%(ﬁwmﬁ Ie“JI:% q%gﬁéé'é@?%%@%%ﬁ? P%gjt ?on repair

(Pusah, ﬁﬂiﬁléic ﬁciHUWere !efu.sfil'l"@é-in WRh8RTCI68888)preddrver-e! Theecor ding to
Pusch et al. the preanplitication product is purified before initiation of

anmpl i fi cfabgorente20st3eMbiiBRYerd then exmdnttgriinkefd ulsind @vention, a nethod is
provi ded for enhanci ng at least one of fidelity and yield of an

anmpl i fi cealysrerizingr andier bgatinga®Rg¥dSol ynucl eoti de, that incl udes the
steps of: (a) incubating the polynucleotide in a reaction m xture
conprising a |igase and a cofactor selected from NAD+ or ATP and excl udi ng

Endo VI; (b) meipirbtion Rimbhpicahgameplifith8onad deategeiddBNA caacur
10 be obtained commercially from Sigma, St. Louis, MO and Qbiogene,
now MP Biomedicals, Irvine, CA. Although the compositions of these
preparations are not provided, it is assumed that Exo II1 is
contained in the preparation. The preparations are not

recommended for DNA templates less than 500 base pairs in length.

15
Others report the use of a combination of E. coli DNA PolI and
T4 ligase for pre-amplification repair (Pusch, et al., Nuc/. Acids Res.
26:857 (1998)). However, according to Pusch et al. the
preamplification product is purified before initiation of a mplification.
20

SUMMARY

In an embodiment of the invention, a method is provided for
enhancing at least one of fidelity and yield of an amplification
25 product of a damaged polynucleotide, that includes the steps of:
(a) incubating the polynucleotide in a reaction mixture comprising a
ligase and a cofactor selected from NAD+ or ATP and exXcluding
Endo VI; (b) permitting amplification of the polynucleotide to occur
in the reaction mixture by the addition of amplification reagents to
30 the reaction mixture during or after step (a); and (c) enhancing at
least one of fidelity or yield of the amplification product in the

presence of step (a) compared to in the absence of step(a).



in the reaction mxture by the addition of anplification reagents to 30 the
reaction mxture during or after step (a); and (c) enhancing at |east one
of fidel iwg006/0471d of the anplification product in thecTasessns2spf step
(a) conpared to in the absence of step(a). WO 2006/ 047461 PCT/ US2005/ 038281
-4 The above nethod is not particulaly time sensitive in respect to

whet her the incubation occurs in seconds, mnutes or hours. The |igase
used in enbodi nents of the nethod may be nesophilic or 5 thernmophilic and
does not exclude cryophilic ligases, which m ght be useful under

particul ar ciTgaE ARRCEeRthdAesahot partitulariyaimevsehsitivsigectespeatenper at ur e
sensitivity depends on what is best suited for a ttpart i ﬁul ar II\ of
r eact i ortacotithieotbe iroubakiampPecursting $RCQNAN i TIRBISSORT PR eht 578 re added

during the incubation step Ca then,t ' enpl oy a
t her rrgphli'gfi’%e US§4s' ?W%Qﬁwtﬁnql &@T&%Olﬂ’ &?/YJP :EI ’?‘%@bg@?n‘gp R
anpl ificatl ERFH”& j b e ighOMANdhtgase (Ta
Iigasse) ﬁfléﬁﬁ%ﬁ%‘lé&%%q”{’?ggse |shmﬂémgfé?§gsi%\r?é V\I/r\nmgﬂ a I\%‘AD? cof gctgr
whi | e INyENAeflil gager RNticuimselrcumstaneesf ThetdhaicaiafHigaseA™itbof act or .

Exanpl es 15 of a nmesophilic |igase _are T4 |igase (uysi n_ AIP cofactor) a
nd E. crespamiad t@a@érqmrecsﬁmsmiv&é{s@?p%ﬂ%%@ afr@%éﬂgf‘égf%d{t&‘f. The
reaction_m xture, further_inclu ch as Type I
endonucl B?{s%,pﬁ'%oﬁ%c?ﬂ%@c?éh_cfgﬁ%aﬁﬂgﬁgrrﬁpg%%@@ﬁgégf or Endo IV.
The reac%h@iﬂ}é‘t’i’éﬁ Ceq5¥nEd E?é RRideteHYriRlg Elé thcubuticnsteppoaymer ase for
exanpl e Taq pol'ynerise; an E. coli polynerase, a Thernom crobi um sp.
pol y{rer asigeRit anapbehdesiahblepto emeplayea dhemmaphilic igaseftosuch as Pf u,
Vi Vi N D I [ " \
ent(r), wlijt?l'les%an%ntt:e(rrn)péragturegrut(izl?ze (()jumr]egr Easmepln%?atlon. Examples of
thermophilic ligases are Tag DNA ligase (Taq ligase) and 9°N ligase.
Taq ligase is more effective with a NAD* cofactor while 9°N DNA
ligase (9°N ligase) is more effective with an ATP cofactor. Examples
15 of a mesophilic ligase are T4 ligase (using an ATP cofactor) and E.

coli DNA ligase (E. coli ligase) (using an NAD* cofactor).

The reaction mixture may further include an AP endonuiclease
such as Type II endonuclease, T7 Endonuclease (Endo) I or mutant
20 thereof or Endo IV. The reaction mixture may alternatively or also
include a polymerase for example Tag polymerase, an E. coli
polymerase, a Thermomicrobium sp. polymerase or an archa eal
polymerase or mutant thereof such as Pfu, Vent®, Deep Vent®, 9°N
or GBD polymerase.
25
In embodiments of the invention, enzymes that may be
additionally added to the reagent mixture include T4 pyrimidine
dimer glycosylase, [fapy]-DNA glycosylase (Fpg), at least one of
UvrA, UvrB, UvrC, UvrD, Cho, UDG, Aag, Endo IIT and Endo \/ in
30 various combinations depending on the type of damage sustaiined

by the polynucleotide.



I n enbodi nents of the invention, enzynes that may be additionally added to
the reagent m xture include T4 pyrimdine diner glycosylase, [fapy]-DNA

gl ycosyl ase 20dqgy461at | east one of WrA, WrB, WrC UpcDusahns/3s®G Aag,
Endo Il and Endo V in 30 various conbi nati ons dependi ng on the type of
damage sustained by the polynucl eotige. WD 2006/ 047461 PCT/ US2005/ 038281
-5 In an enbodi nent of the invention, a reaction mxture is used

cont ai ni ng about 1-100 units of endonucl ease, about 0.05-0.25 wunits of

pol yrnerase and about 5-500 units of |ligase optionally 5 added to 1-1.000

ng DNA. Types Iafard am@®diRtentray thefineentiopQlay rogteon irdBtupelisideed
apurinic/apyrimdinic (AP) sites, nutageni zed nucl eotides, nodified

nucl eot i geslaimingfbgupsl-dAD DRitsDprepdoDNalgass, calpodt 0s3510.2ks. 10 The
damaged pol.ynugcl eptide may _be obt aj ne rom natural source preserved

bi 01 9g1 UM EPPRITGTANEaRg Sopabace0bRiarmr Idkss BRIy des o 11 ssue
bi opsy or 4 i he _bi i ni pul ation. 15 Accordi ng to enbodi nents of
t he n%t hgg,d%yn%)(??f ?’cda%%(ls)girgg‘NﬂaDNA is achi eved by any of PCR anplification,
hel i case- dependent anplification, transcription-nediated anplification,

strand- displacenent anplification, rolling circle anplification and whole
genome anpl i f ilyResoaf damags thathaorifedt leepoldrudleotideiinglugdet r anded RNA,

(0, "D G PR PSR, KEORAGLhBLRER FRRRRES moB AT oot o
nucleotides, nicks, gaps and DNA-DNA or DNA-protein cross-links.
10
The damaged polynucleotide may be obtained from natural
sources, preserved biological material, forensic evidence, ancient

polynucleotides, a tissue biopsy or routine biological manipulation.

15 According to embodiments of the method, amplification of
DNA is achieved by any of PCR amplification, helicase-dependent
amplification, transcription-mediated amplification, strand-
displacement amplification, rolling circle amplification and whole
genome amplification.

20

Where the polynucleotide is a single-stranded RNA, the
amplification may be a reverse transcriptase dependent

amplification.

25 In an embodiment of the method, the polynucleotide is
capable of producing an amplicon in a size range of 50 nucleotides
to 100,000 nucleotides for PCR amplification.

In an embodiment of the invention, an amplification kit is
30 provided that includes instructions for use and one or more

enzymes wherein at least one of the enzymes is a ligase, the one or



capabl e of producing an anplicon in a size range of 50 nucleotides to
100, 000 nucl eotides for PCR anplification. In an enbodi nent of the

i nvent i orwoanocapdeitf i cation kit is 30 provided that inelcwdmsgoosnsg2sucti ons
for use and one or nore enzynes wherein at |east one of the enzynes is a
| i gase, the one or WD 2006/ 047461 PGB+ US2005/038281 -6 nore enzyne being
formulated for addition to an anplification mxture to enhance

ampl i 11 cptd@NeRy i bEitHy RAALIdRITF dABIR td éh ofA|ifithedi on mixture to

enhance anpll I cation I n anot her e I ment the 1 nvention, a
conposi t iRt teranates &hadlification os fan uskfEdoirve additionadf e | gase, a
pol ynerase, and an AP endonucl ease not |nclud|ng Endo VI, the mxture
bei ng capEMPlEiGHtiah ARXENFR tatenhanae ampIbicalidnd and fi delity of
anplification of a polynucleotide conpared with anplification of 10 the
pol ynucl eotide in the absence of the conposition. For exanple,

concent r at | ongn GhgtRBAM Bokmefe of ARRIFNRfbrl N8l esieipddItioR isendonuc ease

at a concentration o units of endonucl edse, a pol ymerase at

0. 05- 0. 2prowides], treatdcdntads am effecfiveiayasentoft ai In_gaatse,f ar exanple in a
reaction voI ume of 10-100 |. This fornulation 15 may_ be ap I|ed to 1-1000
ng DNA f BPIYBEsR$€ngNd AN BﬁAendanuc@lag@rnowfd@ﬁhnatﬁraﬁ@ t he

st o Vel oM B ARG BRI e %%iwms o
igmggiylngg grh‘(%“g_gggé@éursrd?’fa B@b gxuu@b@lueecmrealMﬁ%*gxalraﬁﬁﬂcbgggvbf H\'Aaﬁg
Endol1(/ i bhe ard!gnecleoticienit tlmesahﬂ;epeécbfntj'nemommos;tm.oFoi*@«mg@I@,ust ai ned
by the pol)%g(uaﬁltrea%toln%eof IFcleaSJenOt:s llﬂ %JeREgmposition include: an AP
endonuclease at a concentration of 1-100 units of endonuclease, a
polymerase at 0.05-0.25 units, and 5-500 units of ligase contained
for example in a reaction volume of 10-100 ul. This formulation
15 may be applied to 1-1000 ng DNA for repairing the DNA. For larger
concentrations of DNA, the amounts of enzymes should be
increased proportionally. In embodiments of the invention,
additional enzymes may be included in the composition including
one or more of T4 pyrimidine dimer glycosylase, [fapy]-DNA
20 glycosylase (Fpg), UvrA, UvrB, UvrC, UvrD, Cho, UDG, Aag, Endo
I1I and Endo V in various combinations depending on the type of

damage sustained by the polynucleotide.

LIST OF FIGURES
25
Figure 1 shows enhanced amplicon yield from heat-damaged

lambda DNA after preincubation with specified enzymes.

Figure 1A shows DNA template damaged by heat to differing
30 extents and the effect of this damage on amplification of a 5 kb

segment of lambda DNA where 5 ng, 2 ng and 1 ng of heat-treated



25 Figure 1 shows enhanced anplicon yield from heat-damaged | anbda DNA
after preincubation with specified enzynes. Figure 1A shows DNA tenpl ate
damaged byoheatostwmi1di ffering 30 extents and the effect pafi/usheos/osesnge on
anplification of a 5 kb segment of | anbda DNA where 5 ng, 2 ng and 1 ng of
heat-treated WO 2006/ 047461 PCT/ US2005/ 038281 -7 |anbda DNA was anplified
after prior damage by 99C heat treatnent for 0O sec, 30 sec, 60 sec, 90

sec, 120 g Flﬂ?ﬁfie@%ﬁﬁ‘?ﬁn%a"l‘ﬁ ]?Sysj’é)bteﬁé%‘i! to enzyme

treatrrent prlor to catl earmun o anpl rfication was

det er m nedeatfrhent 50|eloes:¢¢ L0B0@eesi6d) sad 9sdqUIRD tsechsr $&BBFkaat Mhd y
reduced by 120 sec heat treatnent. The first and | ast | anes on the gel

conlt aL n dampaged ANA Wa§ nekigubjested tet @Ina\amf tw@m@mpr;wew IEng| and y
Bi Fi

f'rSmahZatamﬁﬁﬂaaéﬁﬁ a1kt o ARG AR RO RHR AR ARG AT and £ col
Pol | %Eﬂr%?ﬁ%téﬁ@ "i‘/vés lf&.i ﬁbut tﬁﬂﬁggénggegy%ﬁucQMb gheat

danaged as des |gure Jected to

enzyne treet heat treatmientn Hoffirst gatilast [dhes b thes gkt soeitadmml iuig cati on
are shown after a 10-mnute pretreatnment reaction wth Tag_ |igase, E. coli

Endo IV a@f@@ lagiaddey sizeTsiandang| (NEB M3 G0 mNew ﬁag@aédthiabaghout but
was espegd le with 120 sec and 180 sec heat danmamged DNA. 20
Fi gure 18”3 msvgﬁbrgﬁ&gd anplicon yields from heat- damaged | ambda DNA
using Taq ligase, Tth Endo IV and E. co/i Poll. The anplification was
performed according to Figure 1B but the enzyne treatnent prior to

anpl ilbi cat i on RgutaillBedhder incseased amplicon yields from heat-

damaged lambda DNA using Taq ligase, E. coli Endo IV and
E. coli Poll on amplification of a 5 kb segment of lambda DNA. DNA
was heat damaged as described in Figure 1A but the damaged DNA
was subjected to enzyme treatment prior to amplification. The

15 results of amplification are shown after a 10-minute pretreatment
reaction with Tag ligase, E. coli Endo IV and E. coli Poll. The
amplicon yield was increased throughout but was especially
noticeable with 120 sec and 180 sec heat damaged DNA.

20 Figure 1C shows increased amplicon yields from heat-
damaged lambda DNA using Tagq ligase, Tth Endo IV and E. coli Poll.
The amplification was performed according to Figure 1B but the
enzyme treatment prior to amplification contained Thermus
thermophilus (Tth) Endo 1V in place of E. coli Endo IV. The results

25 of amplification are shown after a 10-minute pretreatment reaction
with Thermus aquaticus (Taq) ligase, Tth Endo 1V and E. coli Poll.
The amplicon yield was increased throughout but was especially
noticeable with 120 sec and 180 sec heat-damaged DNA. Only the
first lane contains the size ladder.

30

Figure 1D shows increased amplicon yields from heat-



t hermophilus (Tth) Endo IV in place of E. coli Endo IV. The results 25 of
anplification are shown after a 10-minute pretreatnent reaction wth

Ther mus awoabeands4ei Taq) |igase, Tth Endo 1V and E. col i pPohis20050bs2sanpl i con
yi el d was increased throughout but was especially noticeable with 120 sec
and 180 sec heat-damaged DNA_ Only tBe first |ane contains the size

| adder. 30 Figure 1D shows increased anplicon yields fromheat WO

2006/ 047 Bﬁﬁfﬁg ql%rmg@%s n C | i gase,
E. coli éﬁ#f@ \-é?ﬁ%gé( %JSB?\%\% e arrp?alll %dljéﬂr/l %QE g'e??gr med
accor di n@NA poibuTaeldmdification myp@rfbrn&%dmntoﬁmgrtot FigapeilfB cati on
contained E. coli ligase in place of Taq |ligase. The |anbda DNA subj ected

to 99C f butshesmawoevasatmentazior tempnatidcatipe condainedrEs 6afil ate DNA

d di cat b | | d f
cach of lAgsEdid a%‘%%iﬁeqiﬁgagé”"mRan?bafaeﬁa@éﬂ@"?'ct%te 93 E TP Shovs the
f f f | Fi 2A
Shoes  ndS0LE0F as 0SE HRo RInpIRKE: Bt sHIBUAE SR EBMAEReY DA D\l Wher o

| anbda Diysedes |hdm‘aeddtab(7\@é3elanhdaheat'(Ehé5/|bld beanhplicdn 120, 40, 80, 120,
and 160 m nutes. 50 ng, 10 ng and 5 ng of each heat-treated sanple were
anpl i fi em@r@@sede‘or@mh pﬁ@hepteamlat@ aepENys HygnzwWien a gel to determ ne
t he extent a%lflcatlon The DNA was not treated with sel ected enzynes
pri or ﬁiﬂ tion. The last |lane on the right contains 1 fag of 2-1o0g
20 Iadder Fi gure 2B shows the increase in yield of a 5 kb anp |icon of

10 Figure 2 shows the effect of citrate treatment of template

DNA on amplicon yield.

Figure 2A shows the results of amplification of a 5 kb segment

of lambda DNA where lambda DNA was heated to 70°C in citrate

15 buffer for 0, 20, 40, 80, 120, and 160 minutes. 50 ng, 10 ng and 5
ng of each heat-treated sample were amplified and the re sulting
products were visualized on a gel to determine the extent of
amplification. The DNA was not treated with selected enzymes prior
to amplification. The last lane on the right contains 1 pg of 2-log

20 ladder.

Figure 2B shows the increase in yield of a 5 kb amp/licon of
lambda DNA regardless of which polymerase was used in the
enzyme mixture. 120-minute heat/citrate-damaged lambda DNA

25 was treated with various enzymes prior to amplification.

Lane 1: 1pg 2-log ladder (NEB# N3200, New England
Biolabs, Inc., Ipswich, MA).

Lane 2: no pretreatment.

Lane 3: Pretreatment with Taqg ligase, Tag DNA polymerase

30 and E. coli Endo 1V.

Lane 4: Pretreatment with Taq ligase, E. coli Poll, and



| anbda DNA regardl ess of which polynerase was used in the enzynme m xture.
120-m nute heat/citrate-damaged | anbda DNA 25 was treated with various
enzynmes pwoanodi@7snpl i fication. Lane 1: |pg 2-1og | addecT(UsEds/0b2800, New
Engl and Biolabs, Inc., Ipswich, MA). Lane 2: no pretreatnment. Lane 3:
Pretreatment with Taq |igase, Tag DNA pol ynerase 30 and E. coli Endo IV.
Lane 4: Pretreatnent with Taq |igase, E. coli Poll, and WO 2006/ 047461
PCT/ US20 5@9@% y9 E. coli Endo IV. Lane 5. Pretreatment with Taq

| i gase, Taq:Vent(r) DNA polynmerase nmix, and E. coli Endo IV. 5 Figure 3

shows the resudne Saf Prastpbatrheat wdth dlacalig@8epPagswemt® DOfAKri I | genone

t hat has been extracted froman ethanol stored sanple of krill and

pr et r eat BAIVNEFR%eh Mz @il Fi g0l d@ &Mt ai ni ng one of various pol ymerases, a
| i gase and an AP endonucl ease that enhances anplification yields. 10 Lane
1: No pretreatnent of krill DNA wth enzynmes. Lane 2: Pretreatnent of

krills DNA Wt B [ i VA rase. Lane 3:
Pr et rseat ment glfg-ﬁ?rgi? thﬁlﬁA’es&’?Eﬁeé?QI&é IOfiFéJgg)g!ﬁ\{EF@@g?f%qéwobFs/, and Vent (r)
pol yer asegmkntleflerilt . gdtiahecthiatdtds beekr éktrabbéd firon Banethageke, E. coli

Endo 1V, and 50:1 Taqg: Vent(r) polynerase. Figure 4 shows an increase in
yi el d of Stpred samaheiof dafll epdrreheeatach it @Noraey 180 NetUigat - damaged DNA

was pret LeaSling Ind §vERoBLDEITEAEES Afidadd 8 AT WP 9
endonuclease that enhances amplification yields.
10 Lane 1: No pretreatment of krill DNA with enzymes.
Lane 2: Pretreatment of krill DNA with Taqg ligase, E. coli
Endo IV, and Tag polymerase.
Lane 3: Pretreatment of krill DNA with Tag ligase, E. coli
Endo IV, and Vent® polymerase.
15 Lane 4: Pretreatment of krill DNA with Taqg ligase, E. coli
Endo 1V, and 50:1 Taq:Vent® polymerase.

Figure 4 shows an increase in yield of a 10 kb amplicon from
heat-damaged DNA. 180 sec heat-damaged DNA was pretreated
20 with an enzyme mixture and then amplified.
Lane 1: 1 ug of a 2-log ladder size standard (NEB#N3200,
New England Biolabs, Inc., Ipswich, MA).
Lane 2: Pre-treatment with Tagq ligase, E. coli Endo 1V, and E.
coli Poll.
25 Lane 3: Pre-treatment with Tag ligase and E. coli
Endo IV.
Lane 4: Pretreatment with Tag ligase.
Lane 5: Control - untreated DNA.

30 Figure 5 shows that ligase pretreatment increases amplicon

yield from environmental DNA (soil sample extract).



Lane 1: 1 pg of a 2-1og | adder size standard (NEB#N3200, New Engl and

Biol abs, Inc., Ipswich, MA). Lane 2: Pre-treatnment with Taq |igase, E. co/i
Endo 1V, woadoss/o4740l i Pol 1. 25 Lane 3: Pre-treatnment w rhTAsqoosiogase and E.
coli Endo IV. Lane 4: Pretreatnment with Taq |igase. Lane 5: Control -

untreated DNA. 30 Figure 5 shows thap-ligase pretreatnent increases
anplicon yield fromenvironnental DNA (soil sanple extract). WO

2006/ 047461 2005/ -l : g r \sdyge standard
(NEB# N3200, ﬂ%ﬁu stn’g?aﬁOZ’&%%rb%?ef%?‘,d]afsgm'@%%? W@gér@é . No enzyme
pretreat pRgland BRIIEbE; IREE-TpsRa¢tEMA)M th T4 |igase. 5 Lane 3: No enzyne

pre-treatnment. Lane 4. Pretreatnent with Taq |ipase. Figure 6: Genbank
sear ch revealliang gr.Neienzywinepresmpasnmeent.nonol ogy with T4 |igase. 10 Figure

7: DNA sequence of Tth Endq IV (S NQ 11). Figure 8 shows the effect

of W Iight %%Ilérﬁ%ﬁqu@%w&g JFE&”&R)%FDNA as a tenplate by gel

el ectg ophor esj 1 : NA. jected to UV irradiation for up to
ol Laé“fe 3.%@‘&{@?‘?%%@’%%%%

50 seéc and a I ght In"yie a 2 Kb anplicon produced is
shown. B: Lanigise ONAPretregtrheat edth Q‘a@/ligas@,di ation for up to 50 seconds

and the reduction in yield of a 5kb anplicon is shown.
Figure 6: Genbank search revealing proteins with sequence
homology with T4 ligase.
10
Figure 7: DNA sequence of Tth Endo IV (SEQ ID NO:11).

Figure 8 shows the effect of UV light on amplicon yield using
lambda DNA as a template by gel electrophoresis.

15 A: Lambda DNA is subjected to UV irradiation for up to 50 sec
and a slight reduction in yield of a 2 Kb amplicon produced is
shown.

B: Lambda DNA is subjected to UV irradiation for up to 50
seconds and the reduction in yield of a 5kb amplicon is shown.

20 C: The effect of various reaction mixtures added to lambda
DNA on yield of a 5kb amplicon after UV irradiation is shown.

Lanes 2-7 are controls in the absence of a reaction mixture.
Lanes 8-13 show the increased beneficial effect of adding
ligase, polymerase and AP endonuclease plus 10 Units of T4 PDG.

25 Lanes 14-19 show the increased beneficial effect of adding
ligase, polymerase and AP endonuclease plus 80 units of T4 PDG.

Lanes 1 and 20: A 2-log ladder size standard (NEB#N3200,
New England Biolabs, Inc., Ipswich, MA).

30 Figure 9 shows that adding ligase to T7 Endo I expands the

useful range of the enzyme:DNA ratio to facilitate the removal of



20 C. The effect of various reaction mxtures added to | anbda DNA on yield
of a 5kb anplicon after UV irradiation is shown. Lanes 2-7 are controls in
t he abserwe 206¢/@746@acti on m xture. Lanes 8-13 show t heprcmarse@ssis281
beneficial effect of adding |ligase, polynerase and AP endonucl ease plus 10
Units of T4 PDG 25 Lanes 14-19 sheM-t he increased beneficial effect of
adding |igase, polynerase and AP endonucl ease plus 80 units of T4 PDG
Lanes 1 X mage j 1 BHINS i and

Bi ol abs, ﬂlﬁg%@ulpgggme%ﬁ?o MA) . %Bﬁg?@uﬁ&gq@%ﬁ%@tg hat ggﬁf”nﬁ%?g?s% to T7
Endo | erpdodd ddreectusefuéncesngdaf ligase e/ E: ENAo Tawwerd adtlaci to t ate t he
renmoval of WO 2006/ 047461 PCT/ US2005/ 038281 -11 heterodupl exes fromthe
anpl i fi ca¥PeFratied DNA &3 vasying pmowatseasAadicaied Jobreaeh lebe- sequences.
Taq ligase and T7 Endo | were added to supercoiled DNA in varying anmounts
as indicated for each lane. 5 Figure 9a is the control in which no Taq

|1 gasg has bepiyaedsa is RHE doMFGAH Ahi@TMTag dlgabe Raloplehl gdugad. The su
percoiled DNA “Is predomnantly cleaved into fragnents of various sizes
with 12. but 25cneasirsg @mddnEndd TI7. EafoH gue @ised. SimwsulpmrdoiledaD®NA | on of
100 units ofqé'[&%_li ase gro{% ects _DNA fromnon-specific cleavage in the

pr esence!oPr tly deeved mako Brgmentsoh ianiqus sizes WitBol4-5there i s a
clear b r i to linear DNA not present in the absence of

| i gase. ?gd%ﬁg%rogsl%%dégv\% the effect of repair enzyme treatnment on
anplicon yield fromoxidatively danaged DNA or undanaged tenplate.

10 Figure 9b shows how the addition of 100 units of Tag ligase
protects DNA from non-specific cleavage in the presence of T7
Endo I such that even at 200 units of T7 Endo I, there is a clear

band corresponding to linear DNA not present in the absence of

ligase.
15
Figure 10 shows the effect of repair enzyme treatment on
amplicon yield from oxidatively damaged DNA or undamaged
template.
20 Figure 10A shows that the addition of repair enzymes to an

undamaged template, pWB407 has no effect on amplicon yield.

Figure 10B shows that the addition of Fpg to a damaged

template, plasmid pWB407, incubated in the presence of methylene

25 blue, gives inconsistent effects on yield. The addition of Taq ligase,
E. coli DNA polymerase, and E. coli Endo 1V in the presence or

absence of Fpg increases amplicon yield consistently.

Figure 11 shows increased PCR reaction accuracy from
30 damaged DNA after treatment with repair enzymes. Repair enzyme

treatment of undamaged template, plasmid pwB407, prior to PCR



20 Figure 10A shows that the addition of repair enzynes to an undanmaged
tenpl ate, pWB407 has no effect on anpl icon yield. Figure 10B shows that
t he addi twono@i4Fsg t o a danaged tenpl ate, plasm d pWB4@CT/Use@shated in t he
presence of nethylene 25 blue, gives inconsistent effects on yield. The
addition of Taq ligase, E. coli DNA2polynerase, and E. coil Endo IV in the
presence or absence of Fpg increases anplicon yield consistently. Figure

11 shows hbgﬁ{cﬁé‘@gﬂffgﬁt epfct io‘?ﬁa@é&‘i’éﬁ%cﬁ?&&ﬁﬂ'r@éméﬁt gy af ter

treatment wt pair enzynes. Repalr enzyne " treatnment of undanaged

t enpl at edaphagad depWB46E, plasheid W BRER7 WG aba6d D Hits hrrEhi1&2905/ 038281
-12 has no significant effect on reaction accuracy. Treatnent of a damaged

t enpl at eDIyg, 4 HHdFpOBYONe; aicalsat withw @@ lieasey 1fered// BINA, PAUWRAEFRSE al one or
also with Ta [ e, E._coli DNA pol ase 1, an ol-, endonucl ease
I ncreases’ ?Hg étc%%?g&g%&uc&ﬁe ’ﬂfgggsﬁggbﬁr%c%‘fra&éfc%r E&fsl sﬂﬁ‘ne nunber of
whi t e5 colqun v, ngp{?t) I &Siaaf\l kng a

I acZ-Scont al nﬁg ?n%le?%f)érﬁag | @Q@%‘gbgﬁﬁé @ﬁ@'ﬁ?’g@?% gﬁgercent age of
whi t e cohamlesr bhiblugreddriestdfeereclonmingad ¢éac2-Eontginiadlansphesnad | ow
diagramfor treating DNA with unknown damage to increase at |east of one
of fidel discusradybelowy. Theso@her e psreemsd@enehvdits colenies ERei on

descri be p%%tho for i r’rprovi ng at |east one of yield or fidelity for

synt hesi g Sarig &N hucl eoti des. Were pol ynucl eoti de synthesis | eads
to pol ynerase-dependent anplification, short anplicons that are | ess than

about 500 bases in length (as short as 100 nt) or long 20 anplicons that
are ¢0eater tRgure0D2bstsmss arflaw diagitaas fabbreaatirt® DNA with

unknown damage to increase at least of one of fidelity and yield.
DESCRIPTION

15 Embodiments of the invention describe methods for improving
at least one of yield or fidelity for synthesis of damaged
polynucleotides. Where polynucleotide synthesis leads to
polymerase-dependent amplification, short amplicons that are less
than about 500 bases in length (as short as 100 nt) or long

20 amplicons that are greater than 500 bases or as much as about 100
kb may be amplified (for PCR amplification). Other types of
polynucleotide synthesis include primer extension rea ctions such as
amplification (for example PCR, RT-PCR, and QPCR), genome
amplification, rolling circle amﬁliﬁcation (RCA) and helicase-

25 dépendent amplification (HDA); arid DNA sequencing reactions.
Embodiments of the methodshave wide utility in mol ecular biology
research and in solving problems in applied biology, for example, in
forensics, in biological archeology in which it is desirable to analyze
DNA from ancient sources, for taxonomy where it is desirable to

30 analyze DNA from environmental samples such as required for the

Barcode of Life Project, for diagnostic assays including tissue



kb may be anplified (for PCR anplification). Qher types of polynucleotide
synthesis include prinmer extension reactions such as anplification (for
exanpl e REB200804PGR, and QPCR), genone anplification, ralrlise@soss:el e
anplification (RCA) and helicase 25 dependent anplification (HDA); and DNA
sequenci ng reactions. Enbodi nents gf.the nmethods have wide utility in

nol ecul ar biology research and in solving problens in applied biology, for

exanpl e,...L.Q_. ens| 1 n_ by | cal | [ ikt 1s desirable
to anal QBS'SEI%Of&%¢ﬁ$§ﬂ'&ee%ta'g%ggéégj,scghﬁgﬁgbg%ﬁngrﬁq F(B'fs desirable to
30 anal yae|ddWarf bRIbEYMidseRrEmt al sanpl es such as required for the Barcode
of Life Project, for diagnostic assays including tissue WD 2006/ 047461

PCT/ US2005/ 038281 -13 hiopsies to determ ne a disease susceptibility or
status and for nmol ecul ar. biol ogy research. Source and Extent of Damage 5
Damage seRYEERd RXIERE W RABSGRIe nol ecul es is common  even in "normal "
polygucleotides al t hough danmage is nore severe in preserved tissues, dried
speci'nmens or polynucl eotides that are exposed to the environnent. Danage
can occur as Famegd sustaind® byOpage @éleblifles bl 0&s iis TdmBRWM, its source
or its preparation. In addition, damage can occur during the application
of a metévaivlrogpormal” polynudéeetitedeaalthoudlesdansagd iasnoceweyettari ng PCR
anplification, which involves a high tenperature st 15, Pol ynucl eot i des
can sustili Preaamigs HasuRS, e SperiTigps O RalVousiacies Shabakage | ncl ude:
(a) apurigj [ps e el a u Jédfe storage of
pol ynucl%)gﬁﬂsgggt?gp{ééﬂl\gt\d&rﬁeggd%8@%@5‘?5@&%?5@%%5?% envel ronnent
suchopas d#Oof the sample or its length, its source or its preparation. In

L SRS Ay

addition, damage can occur during the application of a methodology
for polynucleotide synthesis such as occurs during PCR

amplification, which involves a high temperature step.

15 Polynucleotides can sustain damage in a variety of ways.
Various types of damage include: (a) apurinic or apyrimidinic
damage caused for example by heat, storage of polynucleotides in
ethanol, and exposure to factors in the environment such as H;O,
pH etc; (b) modification of individual nucle otides, caused for

20 example by deamination, alkylation, oxidation and dimerization; (c)
nicks and gaps caused for example by heat, storage of
polynucleotide in ethanol, and exposure to factors in the
environment such as H,O, pH etc; (d) cross-linking caused for
example, by formaldehyde, environmental factors, and ethanol

25 storage; and (e) mismatched DNA caused by for example

misincorporation of a nucleotide by a polyrmerase.

Different polynucleotide preparations will experience different
types of damage resulting from, for example, storage or handling of
30 the polynucleotide preparation in vitro, and may depend on how

prokaryotic cells, archaea or eukaryotic cells containing the



pH etc; (b) nodification of individual nucleotides, caused for 20 exanple
by deam nation, al kylation, oxidation and dinerization; (c) nicks and gaps
caused fowvoeme@n@lsi1by heat, storage of pol ynucl eoti de ipoTAtsh@sobs2sand
exposure to factors in the environnment such as H2O, pH etc; (d)
cross-1linking caused for exanple, by4formal dehyde, environnental factors,
and et hanol 25 storage; and (e) m smatched DNA caused by for exanple

T o1 nCOPRARMICARACR dHUBPELI PN BRAMICREFRRes CF LHETEN By nuct cot] de

preparatio experience erent anmage resulting from for
exanpl ew kiahr tige solyhartdotite ¢ exBadteed. pol ynucl eoti de preparation in
vitro, and nay depend on how prokaryotic cells, archaea or eukaryotic cells
cont ai ning the WO 2006/ 047461 PCT/ US2005/ 038281 -14 pol ynucl eoti des are
stored d.tﬁg characteristics of the cells from which the pol ynucl eoti de
i s extrggﬁg@$i%Q§initions 5 The term "pol ynucl eotide" refers to
doub#e-stranded DNA, doubl e-stranded RNA, hybrid DNA/ RNA dupl ex,
single-stranded DNA and single-stranded RNA. 10 A "repair enzyne" refers

to a cryophilyge t'é‘?ﬁPpngI%Bcféroti&é‘eféF%P@géi L FoL8ErahiRld DRIALT Ci pates in

the process of repair of “a polynucl eoti r exanple, a répair enzyne

ey | nduesuibikeatrantled RNANRYBADNAYRNA dopRé, ashefdlstidipiabpNmci 1 tati ng

renoval of damaged regions” of the pol ynucleotide”™ Enzynes with a synthetic

15 rol eatit Birfgle!ldtpanded RINApol ynerases are al so repair enzymes. DNA
repair enzynes are described in the scientific literature, for exanple,
see Wod, RD., et at. Mutat. Res. 577(1-2):275-83

10 A "repair enzyme" refers to a cryophilic, mesophilic or
thermophilic enzyme that participates in the process of repair of a
polynucleotide. For example, a repair enzyme may induce breakage
of the polynucleotide at a bond, thereby facilitating removal of
damaged regions of the polynucleotide. Enzy mes with a synthetic

15 role such as ligases and polymerases are also repair enzymes.

DNA repair enzymes are described in the scientific literature,
for example, see Wood, R.D., et al. Mutat. Res. 577(1-2):275-83
(2005) and Eisen, J.A. and Hanawalt, P.C. Mutat. Res. 435(3):171-

20 213 (1999). A list of human repair enzymes is provided in Table 1.
Although not described in Table 1, the homo logs of the listed
enzymes and other functionally related enzy mes are included in the
definition of repair enzymes. Any of the above enzymes may be
naturally occurring, recombinant or synthetic. Any of the enzymes

25 may be a native or in vitro-created chimera with several activities.
In addition to the ehzymes described above, it is known to a person
of ordinary skill in the art how to search the databases to identify
other related enzymes that share conserved sequence motifs and
have similar enzyme activity. For example, the NCBI web site

30 (www.ncbi.com) provides a conserved domain database. If, for



(2005) and Eisen, J.A and Hanawalt, P.C Mitat. Res. 435(3):171 20 213
(1999). A list of human repair enzynes is provided in Table 1. Although
not descrwbedodm7dbabl e 1, the hono | ogs of the |isted enzTyuse@sassEsnt her
functionally related enzynmes are included in the definition of repair
enzynmes. Any of the above enzynes nmay5be naturally occurring, reconbinant
or synthetic. Any of the enzynes 25 may be a native or in vitro-created

chinera ‘@xtaanE@iet'h@ datdtadd iLseardHeAfisH Flio‘?ﬂf()?cﬁ;é R EdY TS 7descri bed

above, it Is known to a person of ordinary s inthe art "how to search

t he dat alsaseenice midtohes preatdvenvaretial AlbcesaenEiRyurent fohdigaseshser ved
sequence notifs and have simlar enzyne activity. For exanple, the NCBI
web site 30 (www. ncbi.con) provides a conserved donai n dat abase. If, for WO

ool oge of EAUCPPUNUHEOUde Seavial BN IEed B0 BB e BBEEF: qure
for | kgaseplepirimdamalEQIDNR & SRAARICL YT ks Spfepy e M xtures 5

for repairing damage I's a class of repair enzynmes and includes AP
endonuc| éaclesiesghy erejdrasdsases) §lyaveylasespans hasdorespgmasibxforsi on
repair. A damaged base can be renoved by a DNA gl ycosyl ase 10 enzyne which
hydr ol ys@9SEeXEI§IQt68RFIrc bond between the deoxyribose sugar noiety and

t he base. The product of this reaction is an apurinic or apyrimdinic site
(AP site) that nust be correctly filled. This can be achieved by an

endonucl ease, ARbéRagdd Pasel &n PIREmPRREPRIL § @prggtﬁﬂggéent to the AP

site. The 15 abasic sugar is renoved and a 'new nuc I's inserted by
pol yrier aswrzyingasehiatt hydrolysSoan bglymsyhiavbogdabptweabithiey herein have

| ycosyl ase and AP endonucl ease actjvity in _one
ghycosy dseoxyrﬂ)ose i cfthe bayse. The product of this

sugar moiety an
reaction is an apurinic or apyrimidinic site (AP site) that must be
correctly filled. This can be achieved by an endonuclease, which
nicks the sugar phosphate backbone adjacent to the AP site. The
15 abasic sugar is removed and a new nucl eotide is inserted by
polymerase/ligase activity. Some enzymes having applicability
herein have glycosylase and AP endonuclease activity in one
molecule. These repair enzymes are found in prokaryotic and
eucaryotic cells. Abasic sites can be recognized and cleaved by AP
20 endonucleases and/or AP lyases. Class I AP endonucleases cleave
at AP sites to leave a 3’ OH that can be used in polynucleotide
polymerization. Furthermore, AP endon ucleases can remove
moieties attached to the 3"-OH that inhibit polynucleotide
polymerization. For example a 3’ phosphate can be converted to a
25 3'OH by E. coli Endo IV. AP endonucleases can work in conjunction

with glycosylases.

Examples of glycosylase specificities include
Uracil, Hypoxanthine, 3-methyladenine (3-mAde),
30 Formamidopyrimidine and Hydroxymethyluracil. The presence of

Uracil in DNA occurs due to mis-incorpo ration or deamination of



nol ecul e. These repair enzynes are found in prokaryotic and eucaryotic
cells. Abasic sites can be recogni zed and cl eaved by AP 20 endonucl eases
and/ or ARvbyas#E746€C ass || AP endonucl eases cl eave at APT4ist@s/ 08281 eave a
3" OH that can be used in polynucleotide polynerization. Furthernore, AP
endonucl eases can renove noieties afléached to the 3'-OH that inhibit

pol ynucl eoti de pol yneri zati on. For exanple a 3' phosphate can be converted

25 3 ; i Ve o iy . ti
to a 25 gtoshely BisGifhte, FedUs cﬁémﬁ?@s%mﬁ?ﬁ conj uncti on

.wWith glycosyl ases. Exanples of gly cities include Uracil,
Hy poxant typmoxantienaydcadenidue (S-deadeinatRih &6 andenithaphyi mitdoune agids
I—|ydroxyrretgé/l uracil. The presence of Uracil in DNA occurs due to

m s-i ncoOpRAGEGCWIS dRAMIMAEIPBN SfMATE 50s/ITdeat PERIKE20WS 038281 - 16

t osi ne I f [T i d I n ' i Qn.
I(Elz po>s< :amt r?'lt%éﬂ& %i (ZIH U rc?t,@a%g' F‘@!‘ﬁ-ﬁ?ﬁ’& § Q’r?%&y §%%eft1%ﬂ%%ﬁ$agfmcﬂ 3[393 ?'d s or
SpontQneWn%ﬂﬁ@dﬂQWiﬁﬂdir%('FWPYN?a-erFég% tPl e Fhb¥t Rbmighopgents. E. - col |
has two 3-mAde gl ycosyl ase call ed Tagl and Tagll. 5 Fornmam dopyri m di ne
( FAPY) ( proagGah)firmetimdabingt agentoof OiNAdGamMohanetdigtian pgodigeas s of ENA
G di ati,d ro 4. 6-di am no-5-FAPY. An E. coli glycosyl ase that
reBL? s fnpsdiatg rtﬂf%ilfggs\#pé\%ﬁdlé’ﬁacgq&ﬁ@éwaﬁ@mtyﬁ%PﬁV§rti*'g$ lesigncitoat ed by

ionizin L akl 0X4 ' ] tdine, : 10 ses break the
phosphodr 89 8B Rk ses Hysfen BT AIch SLLah el Wy idaiGonc caces

bel ong t ¢adiztias Drsoxithtivel &aveyeto thydiid@d.* 5 -P - and has associ at ed
15 gu%cosylase activity.

Lyases break the phosphodiester bond in a polynucleotide.

Examples of AP endonucleases belong to 4 classes.

(I) cleaves 3'--> 3'-OH + 5'-P - and has associated
15 glycosylase activity.

(IT) cleaves 5' --> 3'-OH + 5'-P

(III) cleaves 3' --> 3'-P + 5'-OH

(IV) cleaves 5' -=-> 3'-P + 5'-OH

20 Several enzymes have been isolated th at appear to have AP
endonuclease or lyase and glycosylase activities that are
coordinated in a concerted manner (i.e., withoout causing AP site

formation) or sequentially.

25 Examples of polynucleotide cleavage eniymes for use in
enhancing at least one of yield and fidelity in an amplification
reaction include: 1) AP endonucleases, such as E. coli Endo 1V, Tth
Endo IV, and human AP endonuclease; 2) glycosylases, such as
UDG, E. coli AIkKA and human Aag; and 3) glycosylase/lyases, such

30 as E. coli Endo 111, E. coli Endo V, E. coli Endo VIII, E. coli Fpg,



(I'1) cleaves 5 --> 3 -0H+ 5 -P (IlIl) cleaves 3' --> 3 -P+ 5 -CH (1V)
cleaves 5 --> 3'-P + 5'-OH 20 Several enzynes have been isol ated that
appear t owbave/ARPic1endonucl ease or |yase and gl ycosyl asecaaistaostss2si t hat
are coordinated in a concerted manner (i.e., w thout causing AP site
formati on) or sequentially. 25 Exanpl®es of pol ynucl eoti de cl eavage enzynes
for use in enhancing at | east one of yield and fidelity in an

anplificgat,d ti ' o Al s E. coli Endo
IV, Tth E‘Hm\?‘ggﬁd %%ﬁ%@@ﬁfghﬁu@%@gp%él@coggpz;éehs@ such as UDG
E. coli AUkdamiP bndenuBbhsiseand 3) gl ycosyl ase/ |l yases, such 30 as E. coli

Endo IIl, E. coli Endo V, E. coli Endo VIII, E <coli Fpg, WO 2006/ 047461
PCT/ US2005/ 038281 -17 human OGGlL, T4 pyrim dine diner glycosylase (T4 pdg)

and human AP_end | ease. En VI . so_ternmed o |LIl) is capable of
dogr adi ng a SEBABSbReISE: CEraed GbITa 5 orpablFeat BRe ating &6t he_danmged
regi oAs 4 W | gl i Ll J: few
hour s andos SrRSIP R EELE UL SRR oS EHY, PR gL Todiond

pol ynucl goti pleiynutedtideend®r asehahseaiston ico redityoms i d feveshdwersei n refers
to an enzyne that contains polynerase activity. The repair and anplifying
pol yner ag8é isdohinduded dAReervryroefmétenes fox ArgladnadapoagaRer ases i ncl ude
therm OStaBl/rngcg%CE'ari al 15 pol ynerases such as Taq pol ynerase and archeal

pol yrner a8 ' ESVent(r), deep Vent(r) and Pfu; and thernol abile
enzynmes such as Bst polynerase, E. coli Poll, thernmom crobiurn roseum

polyggrase s mpolymerase" as used in enzyme mixtures herein refers to
an enzyme that contains polymerase activity. The repair and

amplifying polymerases can be the same or different.

Examples of polymerases include therm ostable bacterial

15 polymerases such as Taqg polymerase and archeal polymerases such
as Vent®, deep Vent® and Pfu; and thermolabile enzymes such as
Bst polymerase, E. coli Poll, thermomicrobium roseum polymerase
and thermomicrobium thermophilus, phage polymerases such as
phi29 polymerase, T7 polymerase and T4 polymerase etc., or

20 mutants, derivatives or modifications therefrom. Examples of
derivatives include Pfusion™ enzyme (Finnzymes, Espoo, Finland)
and other polymerases that combine a double strand binding

protein with polymerase sequences from one or several sources.

25 A "ligase" as used in the enzyme mixtures described here
refers to an énzyme that joins a 5' end of a single strand of a
polynucleotide to a 3' end of another single strand of a
polynucleotide. Such ligases are found in substantially all eukaryotic
cells as well as prokaryotic cells, viruses and archaea. Any of these

30 ligases can be used in repair as described herein. Examples of

ligases include 9°N ligase, E. coli ligase, T4 ligase and Taq ligase.



and t hernom crobi um t her nophi | us, phage pol ynmerases such as phi 29

pol ynerase, T7 polynerase and T4 polynerase etc., or 20 nutants,

deri vati Wwee 2006/03pgilf i cati ons therefrom Exanples of dercratscass3sec! ude
Pfusi onTM enzyne (Fi nnzyrnes, Espoo, Finland) and other polynerases that
conbi ne a double strand binding pragein with polynerase sequences from one
or several sources. 25 A "ligase" as used in the enzyne m xtures descri bed

here re . t N ' Hwl e strand of a

pol ynucl g‘ﬁ?ﬁga?g&aﬁgﬁw_ggdjg%&é@ %épgscﬁ?lgﬁgdgﬂ%ﬁéigya pol ynucl eot i de.
Such I'i ggsea2a486f PUNAGEN (AMPO YT bn@ILTGaukRMO231ZEl Is as wel | as
prokaryotic cells, viruses and archaea. Any of these 30 |ligases can be used

in repair as described herein. Exanples of |I|igases include 9N |igase, E
coli ligase, T4 ligase and Tag |i.gase. WO 2006/ 047461 PCT/ US2005/ 038281
"% char 1) gatae fGRseniar licake NRE PTosEINs ot TIaNA e U 7486. 1) LI 3

(4 QLI 5)c Bt cH A AWHRDZ362N o5 L 9583 B 1Bssr l kP ot @i ns

t hat “may have uti| €i N are revea Search using T4

li gase ofig&se ¢0ldearth gnseddtamRRY (ded Frgdpt Easewltel dnygeneyfei n which
any enzyne sharing at |east 6 contiguous amno acids with these known
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the inventiopn. .10 ntrary to.a published use of ligase.in conbLnation with
B0 111 e e BoudRe o rerpiE sRithis Scaarding s PRITUAEE Shos.
0026147) y1p tm\pémi(??en found here that NAD+ or ATP is required in enzyne

m xtures that Tnclude |ligase. Mre specifically, Taqg ligase 15 and E. coli
| i gage require NAD+ while T4 |igase and 9N |i gase

Contrary to a published use of ligase in combination with
Exo III in the absence of any cofactors (U.S. Publication No. 2005-
0026147), it has been found here that NAD+ or ATP is required in
enzyme mixtures that include ligase. More specifically, Taqg ligase
15 and E. coli ligase require NAD+ while T4 ligase and 9°N ligase
require ATP.

Exemplified ligases, polymerases and endonucleases are
available from New England Biolabs Inc. where pages 107-117 of
20 the 2005-2006 catalog are incorporated by reference (pp. 102-108
for ligases), U.S. Provisional Application No. 60/717,296 and
International Publication No. WO 2005/052124. In addition,
thermostable repair enzymes can be used interchangeably with
thermolabile repair enzyrhes in a preamplification mixture.
25 Thermostable enzymes are active at above 40 °C or more

particularly 65°C or above.

Embodiments of present methods improve the yield or
fidelity of products resulting from polynucleotide amplification or

30 other synthesis reaction. This can be achieved, for example, when
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sequence for the use in in vitro DNA amplification adapted from in
vivo rolling circle DNA replication (see, for example, Fire and Xu,
Proc. Natl. Acad Sci. USA 92:4641-4645 (1995); Lui, et al., J. Am.
Chem. Soc. 118:1587-1594 (1996) ; Lizardi, et al., Nature Genetics
19:225-232 (1998)) and whole gen ome amplification methods.

A universal enzyme mixture has been found to be useful in a
reaction mixture for repairing damaged polynucleotides prior to or
during amplification regardiess of the type of damage to the
polynucleotide. The mixture repairs damaged DNA without causing

further damage.

The universal enzyme mixture contains a ligase and a cofactor
such as NAD+ or ATP. The mixture preferably additionally includes a
polymerase and an AP endonuclease as defined above within a
suitable buffer such as Thermopol (New England Biolabs, Inc.,
Ipswich, MA), AccuTaq LA DNA polymerase buffer (Takara Bio Inc.,
Shiga, Japan) or any other standard Tag buffer. In various
embodiments, the universal enzyme mixture contains E. coli Poll or
Taqg polymerase and an AP endonuclease such as a mesophilic Endo
IV, e.g., E. coli Endo 1V or a therm ophilic Endo IV, e.g., Tth Endo IV
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can then be subjected to a series of enzyme mixtures containing
ligase and cofactors. An additional enzyme is titrated to determine
a preferred concentration for that enzyme in the mixture. 1In this
15 way, DNA repair can be optimized. After amplification of each
sample, the amount of the amplified DNA can be determined by gel
electrophoresis revealing the preferred concentration range for the

test enzyme.

20 The universal enzyme mixture can be used prior to or during

polynucleotide amplification or other synthesis.

As demonstrated in the Examples, depending on the type of
damage, it may be desirable to supplement the universal enzyme
25  mixture with additional repair enzymes depending on the nature of
the DNA damage. The utility of individual repair enzymes or
mixtures of repair enzymes can be determined using the assays
described in the Examples and in the Figures to determine their
suitability for repairing a particular polynucleotide.
30
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m xtures of repair enzynmes can be determ ned using the assays described in
t he Exafd) é&senmrdl damageFi gures to determine their suitability for
repairing a particular polynucleotide. 30 WO 2006/ 047461 PCT/ US2005/ 038281
-21 Repair of general or specific danmage to polynucleotides (a) Ceneral

damage o Det BRI S IREGE. O S7HBHR i BOAMIIOUBLER! (e, L1,
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added t m xture as SCI’I n un e pre result is
obt @) nednayhe etilizé@ to determine whether improved amplification is

obtained. If the improvement is sufficient using the universal
mixture then no further action is required. If the improvement is
not sufficient, additional enzymes can be added to the mixture as
described herein until the preferred result is obtained. The entire

15 assay may be achieved in a single reaction vessel such as a 96 well
dish. Each micro-well in the dish is available for a different enzyme
mixture including the universal mixture plus enzymes selected to

address each class of damage outlined below.

20 The protocol for selecting enzymes for repair of general
damage or unknown damage of DNA is provided in Figure 12 (flow

chart) and in the assays described in the Examples.

(b) Specific damage
25
In some circumstances, the nature of the damage to a
polynucleotide might be known. In these circumstances, a mixture
of enzymes can be selected without undertaking the analysis of
Figure 12.
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each class of danmage outlined below. 20 The protocol for selecting enzynes
for repair of general damage or umknown danage of DNA is provided in
Figure 12 (flow chart) and in the assays described in the Exanples. (b)
Speci fic damage 25 In sone circunstances, the nature of the damage to a
pol ynucl eoti de m ght be known. In these circunstances, a m xture of
enzynmes can b@ srlfteilsed wi t hout undertaking the analysis of Figure 12. WO
2006/ 047461 / US2005/ 038281 -22 (I) AP sites The loss of a base is the
nost common spont aneous form of 5 DNA damage. Pol ynerases and
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10 backbone at the abasic site. This leaves an extendable 3" OH on the
DNA fragment 5’ to the cleaved abasic site. It also leaves a
deoxyribose-5'-phosphate (dR5P) on the DNA fragment 3’ to the
cleaved abasic site. A polymerase can extend from the free 3’ OH
replacing the cleaved abasic site with a correct nucleotide. The
15 dR5P may be removed by an enzyme that specifically targets dR5Ps
by a flap endonuclease activity present in certain polymerases such
as E. coli DNA polymerase I or a separate flap endonuclease such as
FENI. The removal of dR5P can also occur by cleavage downstream
of this group by the flap endonuclease activity. After removal of the
20 dR5P and the generation of a 5’ phosphate adjacent to the 3’ OH, a
ligase can seal this nick finishing the repair (see Examples 1-3 and
7).
(ii) Modified nucleotides

25 (@) Thymidine dimers

Light can damage DNA by inducing the formation of
pyrimidine dimers. Pyrimidine dimers block the DNA extension
reaction catalyzed by DNA polymerases such as Taq DNA

30 polymerase and hence inhibit DNA amplification (Wellinger, et al.
Nucleic Acids Res. 24(8):1578-79 (1996)). Consequently it is
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to the pyrimdine dinmer and | eaves a 3' hydroxyl noiety that is extendable

by a DNAmaikeyythatés exbtendabbe by aaiﬁNﬁlmﬂwmrasm dmscertaim the 3' hydroxyl

and subse nt, formation and th ] eava he | esi on.containing flap
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275(27): 209 20955 (2000), Liu, Y., et al., Annu. Rev. Bi ochem
73: 589- 6L8paRMAf pealing the nick. Cleavage of the flap can be achieved by
the extending polymerase for example, E. coli polymerase I or by
the action of a flap endonuclease ((Xu, Y., et al. J. Biol. Chem.
275(27):20949-20955 (2000), Liu, Y., et al., Annu. Rev. Biochem.
73:589-615 (2004)).
15

(b) Oxidative damage

Inaccuracies can be introduced into the products of DNA

amplification reactions because of undesired nucleotide

20 incorporation opposite a damaged base (Gilbert, et al. Am. J. Hum.
Gen. 72:48-61 (2003); Hofreiter et al. Nucl. Acids Res. 29:4793-9
(2001)). These inaccuracies can be discovered by amplifying,
cloning and sequencing the same sample many times. Inaccuracies
due to base damage can also be identified by comparing sequence

25 data before and after sample treatment with an enzyme such as
UDG, which removes one of the common types of mutagenic DNA
lesions (Hofreiter, et al. Nucl. Acids Res 29:4793-9 (2001)).
However, treatment with UDG creates an abasic site within thhe DNA
that inhibits DNA amplification by primer extension. This creates

30 problems for rare DNA samples that may be made refractory to
amplification by UDG treatment.
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nucl ept | fesaikAsle BY &t AP BhaBHGEIcakeidfbsVEnd®THge can be renoved from
t he pol ynucl eotide by Fpg or hOGG to | eave a bl ocked pol ynucl eoti de where
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10 with Fpg in the pre-incubation mixture.

Other modified nucleotides such as alkylated bases or
deaminated bases where cytosine is converted to uracil, guanine to
xanthine or adenine to hypoxanthine give rise to miscoding .

15 Removal of these modified nucleotides is desirable. These modified
bases can be removed by any of AlkA, UDG or Aag as described in
Example 10, leaving an AP site. This AP site can then be repaired
by a reaction mixture containing a ligase and preferably also an AP
endonuclease and a polymerase. Removal of a uracil enables a

20 polymerase in an amplification reaction that would normally be
stopped at this site to continue amplifying the DNA. For example,
Vent® polymerase activity is inhibited by an incorrect uracil inserted
into the DNA. The ability to remove the uracil permits the
polymerase to have enhanced effectiveness.

25

(iii) Nicks and gaps

Nicks and gaps in the DNA backbone can lead to truncated
primer extension products and inhibit amplification reactions. The

30 concerted action of a ligase and a polymerase in the universal
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concerted actiqn of a,igase and a polynerase in the universal WO

2006/ 047461 Iﬁb%/GEQ@%El)f%%BZBI -25 enzynme mixture repairs nicks and gaps in
the DNA thus enhancing DNA anplification reactions. (iv) Cross-links 5
Addi t'i onal nucl eoti de excision repair (NER) proteins (Mnko et al.
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10 damage resuiting from exposure of polynucleotides to formaldehyde
and bulky adducts as well as damage that results in chemically-
modified bases that form DNA-protein cross-links. At least one of
E. coli UvrA, UvrB, mutant UvrB, UvrC, UvrD or Cho (Moolenar et al.
Proc. Nat! Acad. Sci USA 99:1467-72 (2002)) can be used to make
15 incisions at the 5' end and optionally the 3' end around a damaged
site. Details about the properties and purification protocols of these
enzymes can be obtained from (Zou, Y., et al. Biochemistry
43:4196-4205 (2004)). The repair process can be completed by
means of a DNA polymerase, a DNA ligase and optionally a flap

20 endonuclease.

The generation of a 3' hydroxyl at a 5" incision site can be
useful if the NER enzyme(s) cleave the DNA but leave a blocked 3’
end on the DNA that inhibits primer extension. An example would
25 be if the NER enzyme(s) cleaved the DNA and left a 3’ phosphate.
This would not be extendable by known DNA polymerases unless
the 3' phosphate was removed by for example, E. coli Endo 1V.

If the NER enzyme or enzymes cleaves 5" and 3’ to the DNA
30 lesion then the damage is removed when the newly released

oligonucleotide dissociates from the DNA. A polymerase can simply
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leaving a ligatable nick, thus repairing the DNA template. An
example of the effectiveness of the above approach is provided in
Example 7.
15

(v) Mismatched polynucleotides

Heteroduplex DNA can be a problem in multi-template PCR
and in homogeneous template PCR (Lowell, J. L. & Klein, D. A.

20 Biotechniques 28: 676-681 (2000); Thompson, J. R., et al. Nucl.
Acids Res. 30(9):2083-2088 (2002); Smith, J. & Modrich, P. Proc.
Natl. Acad. Sci. USA 94:6847-6850 (1997)). T7 Endo I or mutant
thereof can be used together with a ligase to remove mismatch
regions. This approach does not require quantitation of DNA and

25 avoids the extra steps after the PCR reaction required by Lowell, et
al. Biotechniques 28:676-681 (2000); and Smith, et al. Proc. Nat/.
Acad. Sci. USA 94-:6847-6850 (1997). An example of the use of
these enzymes is provided in Example 8. The useful range of the
T7 endonuclease or mutant:DNA ratio can be expanded by including

30 a DNA ligase activity to minimize non-specific cleavage in the

heteroduplex cleavage reaction.



| eaving a ligatable nick, thus repairing the DNA tenplate. An exanple of
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D. A 20 Biotechniques 28: 676-681-72000); Thonpson, J. R, et al. Nucl.
Aci ds Res. 30(9):2083-2088 (2002); Smth, J. & Modrich, P. Proc. Natl.
Acad. Sci. USA 94:6847-6850 (1997)). T7 Endo | or nutant thereof can be
used together with a ligase to renbve m smatch regions. This approach does
not reqDis@isgicmbftthel dxarhpldAaaddFigihiragsoi ds the extra steps after the PCR
reaction required by Lowell, et al. Biotechniques 28:676-681 (2000); and
Smth, et al. Proc. Natf- Acad. Sci. USA 94:6847-6850 (1997). An exanple of

t he use of y ke Vi ' : ange of the
T7 endonucl egggﬁﬁ?lg%tgﬁﬁ#'Méﬁalsﬂ§g‘{:§ﬁa€éﬂ@|%§nrﬁ&éﬁ?§ ﬁﬁ'ﬁ%i\g 30 a DNA
|1 gase agdrh\HER drfiplifiddtide a'?f@rmm%'nftlemfhé?é(ﬁgély affdteed hatrirodupl ex

cl eavage reaction. WO 2006/ 047461 PCT/ US20057 038281 -27 Discussion of the

Exanpl eshartdnflgte &N B srpaendgadddayaud @ dcethowthreshelapefcon yi el ds
obtained 5 from PCR anplificatio re substanti al negati vel y affected
when tﬁ’@@%ﬁﬁt%:lﬁ@g& %ﬁa%&@agﬁiy%ﬁt@a&m@%ﬁrK%ﬁ E&ﬁ’(ﬁ%i * danmge
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n

(see Figures 1B, 1C and 1D). )
10 enzymes before amplification (see Figures 1B, 1C and 1D). In

addition, amplicon yields of "undamaged" DNA can be enhanced by

adding the enzyrme mixture described.

Example 1 shows that the effect of the enzyme mixture on
15 amplification of DNA is not dependent on a single type of AP
endonuclease or ligase, but instead endonucleases or ligases from
multiple alternative sources can be used. For example,
thermostable Tt/ Endo IV was found to be as effective as E. coli
Endo IV and E. coli ligase was as effective as the thermostable Tag

20 ligase.

Example 2 and Figure 2 show the negative effect on
amplification yields of another type of DNA damage - depurination,
which is induced in the presence of heat and citrate. Moreover, the

25 example shows that the effect of a mixture of enzymes on
amplification of DNA is not dependent on a single type of
polymerase but rather polymerases from multiple alternative
sources can be used. For example, E. coli Poll can be substituted
by Tag DNA polymerase or a mixture of Tag and Vent® DNA

30 polymerases to produce enhanced yields.



addi tion, anplicon yields of "undanaged" DNA can be enhanced by adding the
enzyne m xture described. Exanple 1 shows that the effect of the enzyne
m xt ure owo 206s/mphi ficati on of DNA is not dependent onpraTdisa@se3szgpe of AP
endonucl ease or ligase, but instead endonucl eases or ligases from nultiple
alternative sources can be used. Fopgexanple, thernostable Tth Endo IV was
found to be as effective as E. coli Endo IV and E. coli |igase was as

ef fective. asiifci 0 RE PR e FAkhdl AT oFaRBkMEneEE Fi gure 2 show

the negative ( anpl ion yields of another type of DNA damage
- depu phipfficabion Wulds dah bedipedried twithmrest{@@bphdaagaehtsi trat e.
Moreover, the 25 exanple shows that the effect of a mxture of enzynmes on
anpl i f i bafady esthameementef arapkification yialds am ebsgpyedifor g rase but

r at her I f | tinl I ti d.
exanpl gFé’rEJe”‘ét%Fz%%ogf %g@@aﬁgﬂ% rraas Hjortadt LU poRPadp egr §°lrd

f I .
vo 2boo/ B8 LR PUEBHSE I BB sy > S B e o AR DA Vhat the
enhanceapef |@fgeratidn iomkbotary ket dehtevedeThesepped limnittofssiaetis (200 bp)
fragments. In fact, enhancenent of anplification yields are observed for a
wi de rHmjtedbbniy bysthe polanesap Eatethe gnplfcatient Maxtui®y bases to as 5

|l ong as 100 kb and it is believed that anplification yields for DNA even
| arger than 100 kb can be achieved. The upper limt of sizeis I|imted

Chal ClenceBROME KRR S MR ELCrekan MatMAnS e 3 2150 Shove,
(f o10 exdaphagedvkhiough tstorage in a crude form (for example, within the
cells of an organism that has itself been stored), amplification yields
are significantly enhanced by the addition of a mixture of enzymes
prior to amplification. Although the mixture of enzymes was added
to template DNA prior to amplification, a similar yield effect can be
15 seen when the template DNA is incubated with the mixture
ofenzymes that are thermostable equivalents during amplification or

during a pre-amplification step.

Example 4 and Figure 4 show that ligase alone can enhance
20 amplicon yield, but adding an AP endonuclease helps more. The
best result was observed in this example when a ligase, an AP
endonuclease, and a DNA polymerase were used prior to
amplification. Furthermore, this example demonstrates that repair
is not DNA size dependent. For example, similar results were
25 obtained with 5 kb and 10 kb amplicons.

Example 5 and Figure 5 show that an enhanced yield from
amplification can be achieved using a ligase and that this effect can
be achieved without limitation to a single source of ligase. Figure 5
30 shows that Tag ligase and T4 ligase are both effective in enhancing

amplification yield even when used without additional enzymes in a



cells of an organismthat has itself been stored), anplification yields

are significantly enhanced by the addition of a m xture of enzynes prior
to anpl i fwoabesmaz4ehl t hough the m xture of enzymes was asdeds2as/08&28pl at e
DNA prior to anplification, a simlar yield effect can be 15 seen when the
tenplate DNA is incubated with the moxture of enzynmes that are thernostable
equi val ents during anplification or during a pre-anplification step.
Exanple 4 a Wl ; t | | l'i con
yiora, o HRBAE e s LSRRG SURIBLEY oRELR i Ehe HSEP! | 00

obser vedsigiddd $o akenBhlifkation mig?(fsﬁth@méaam@)iomﬂgua@seals_and a DNA

pol ynerase were used prior to anplification. Furthernore, this exanple
denpnst rshass thetberefit of this appraavh 0 zem plifyéng @mnvireomeantahPNA sini | ar
results re 2 btgined wth 5 kb and,10 kb anplicons. anple 5 and

Fi gure 59 W&Wﬁfe ngrﬁcébs9mlﬁsf haé"nlﬂgg'f‘ iRq %Hat%r%chi eved
using a | : i can be achieved without limtation to
a si gsgl eédsgﬁlrsa?'e&g?of pgg‘%ée&@i% %ﬁ% 30 shows that Taq |igase and T4 |igase
are both effective in enhancing anplification yield even when used w t hout
addi tional enzynmes in a WO 2006/ 047461 PCT/ US2005/ 038281 -29

pre-i ncubat i oAl meferefbes citfeilderereirs asl well las|li.Sy provisionat applicatiors| i gase s
added to the anplification mx (if thernostable). Figure 5 also shows the
benefit sdrial miwnbers 68¢h020:8 A iletyOatphand T oatBA K046, 748 fledd directly
fromsoil sanples that has been exposed in n_ialture 5 to a variety of

damagi ngJatyeaty 24,02 005carg 686 1 PZauTiteg 8pAl 4¢, wdlGS &€u. S. provi si onal
applications serigal nufnbers 60/ 620,896 filed Cctober 21, 2004, 60/ 646, 728
filetf J'&ﬁem@raﬁﬁa@o eRRCS0/ 673, 925 filed April 22, 2005 are

EXAMPLES

Example 1: Enhancing amplification yields for DNA with
15 various extents of damage

An assay was developed for optimizing the use of selected

reagents to repair DNA prior to amplification.

20 Generation of various extents of heat damage

Various amounts of DNA damage were induced by heat
treatment. This was achieved as follows: 100 pL lambda DNA
(NEB#N3011, New England Biolabs, Inc., Ipswich, MA) at 0.5

25 mg/ml was aliquoted into separate tubes for heat treatment at 99°C
for 30 sec, 60 sec, 90 sec, 120 sec, and 180 sec, respectively in a
PE2700 thermal cycler. A sample was used as a template for

amplification without pretreatment.



10 incorporated by reference. EXAMPLES Exanple 1: Enhancing anplification
yields for DNA with 15 various extents of damage An assay was devel oped
for opti mvoing/hsiuse of sel ected reagents to repair PRAVUS2005038281
anplification. 20 Generation of various extents of heat damage Vari ous
anounts of DNA damage were induced $9- heat treatnent. This was achi eved as
follows: 100 pL | anbda DNA (NEB#N3011, New Engl and Bi ol abs, Inc., |psw ch,

MA) at 0.5 25HEtEmaAnhGIdaiheded DAOvaSprredteateddisy thermiteriret r eat ment  at
99C for 30 sec, 60 sec, 90 sec, 120 sec, and 180 sec, respectively in a

PE2700 t dfeemzymepcas follewsafbleed amageck ONA tamplapesteeicoinCudaseds i cat i on
W t hout pretreatnent. WO 2006/ 047461 PCT/,U?ZOO /0 ﬁé%l - 30 The remaini ng
damaged Qmsteﬁveﬁr@‘a{r@d'%&q lowing, paxtigre z:y? QUS| | ows: The

damaged DNA t I re.l ted at roomtenperature in the follow ng
mixture for TONG %‘?@‘s%%ﬁ@ﬁ@?ng and 1ng): 5 100 pM dNTPs ( NEB#MD447,

New Engl and B @b 39, dNPRei(MIEB#WONR4A 7] NdiwNARY ahd Braldls/ 00swich,gma, St.
Louis, MJ); 80 units Taq |igase (NEIé#IVDZO& New Engl and Bi ol abs, | pswi ch,
MA) or 4HAXPO0 units of E. coli ligase; 10 0.1 units E. coli DNA pol ynerase

o5, 60 PRl NSRS N2 O i Gy oy P b, M- 10
or 10 units ofg Tlit&ENYR fifase (NEB#M0208, New England Biolabs,
Ipswich, MA) or 40-100 units of E. coli ligase;
10 0.1 units E. coli DNA polymerase I (E. coli pPoll) NEB#M0209,
New England Biolabs, Inc., Ipswich, MA);
10 units E. coli Endo IV (NEB#M0304, New England Biolabs,
Inc., Ipswich, MA) or 10 units of Tth Endo IV;
1X thermopol buffer (NEB#B9004, New England Biolabs, Inc.,
15 Ipswich, MA) to a final volume of 96 uL.

At the end of the reaction, the samples were transferred to ice

and then amplified.
20 DNA Amplification Reaction

DNA amplification of lambda was performed using the
following primers: CGAACGTCGCGCAGAGAAACAGG (L72-5R)
(SEQ ID NO:1) and CCTGCTCTGCCGCTTCACGC (L30350F)

25 (SEQ ID NO:2) according to the method of Wang et al. Nucl. Acids
Res. 32: 1197-1207(2004).

4 ul of amplification mixture was added to 96 wl of the above
repair mixture. The amplification mixture contained 100 yM dNTPs,
30 5 units Tag DNA polymerase, 0.1 units Vent® (exo+) DNA



1X t hernopol buffer (NEB#B9004, New Engl and Bi ol abs, Inc., 15 Ipsw ch, M)
to a final volume of 96 pL. At the end of the reaction, the sanples were
transf er rw0 20@/d4c1 and then anplified. 20 DNA Anpli fi cacirars2itsast2spn DNA
anplification of |anbda was perforned using the follow ng priners:
CGAACGTCCCGCAGAGAAACAGG (L72-5R)  (SEQ I D NO 1) and CCTGCTCTGCCGCTTCACGC
(1-30350F) 25 (SEQ ID NG 2) according to the nmethod of Wang et al. Nucl.

Aci ds  Resfiymitasél 8k 1297M20AMer #7PL5R Bk DLpawi @AnfExt ure was added to
96 | of the above repair mxture. The anplification m xture contai ned 100

pM dNTP4,303H0KinudiX sh@iagophAbpdfamer ase, 0.1 units Vent(r) (exo+) DNA WD
2006/ 047461 PCT/ US2005/038281 -31 pol ynerase, 5x10-7 M prinmer L72-5R and
5x10-7 M prinmer L30350F in 1X thernopol buffer. To correct for any enzyne

t buf f i : f ti 1
The appr opt 1 A0sCoBRTor 1 elzynlsf SRragRRUIE, MR, Witih & 2™ 2 CETon.
al | sasegpaihenzpiid Wdscabligd Aaeh iPPSaciITE tHleaapBropriatd vongreal cycler

using the follow ng paraneters: 20 sec at d5C for 1 cycle followed by 5
sec at f4 stovayes buifferava3 zcided t@iheyehetionThdrshllecasies, ltbeanpl i con 10

being anplified was 5 kb. The results of anplificatiaon of 5 kb) were
det er mi gﬁpbﬂca?ﬂ%a@ﬁ’%@%ﬂer@l@@% HBF%@ir%erm@'I eYerhd 3N tk‘ﬁ(('-/ol eczjl ar
Cl oni ng: r r u |, Cold
Spring @gob@ﬁﬁﬁ r%rr%g{;éj}%a) Odsé%(rjaltﬁ%%ql%? o:rl Wr@%‘f%g%@‘?g%% 17) was
added t oatt 4°d Othéh Safihi 4t 222C For RSRey¢iessThaGkige off tHdapnpsifout i on

10 being amplified was 5 kb.

The results of amplification of DNA (5 kb) were determined by
1% agarose gel elecrophoresis. 6X loading dye (Molecular Cloning: A
Laboratory Manual, 3™ ed., eds. Sambrook and Russell, Cold Spring
15 Harbor Press, Cold Spring Harbor, NY, 2001, pp. 5.4-5.17) was
added to the 100 pl amplification reactions. 20 pl of this solution
was then loaded onto the agarose gel along with 1 ug of 2-log
ladder (NEB#N3200, New England Biolabs, Inc., Ipswich, MA) as a
size standard.
20
The amount of amplified DNA for each sample was compared
by gel electrophoresis and the results are shown in Figure 1A.
When the samples were treated with a mixture of enzymes after
heat treatment but prior to amplification, significant enhancement

25 of amplification yields were achieved (Figures 1B, 1C and 1D).

Example 2: Increased amplicon yields from DNA with
induced abasic sites (after citrate treatment) following

pretreatment with an enzyme mixture
30

Generation of various extents of damage resulting from abasic site



was then | oaded onto the agarose gel along with 1 pg of 2-1og | adder

( NEB#N3200, New Engl and Bi ol abs, Inc., Ipswich, MA) as a size standard. 20
The amunwoaboczapleilf i ed DNA for each sanpl e was conpar e#CThis2@81038281

el ectrophoresis and the results are shown in Figure 1A. \Wen the sanples
were treated with a mixture of enzy¥8s after heat treatnent but prior to
anplification, significant enhancenent 25 of anplification yields were
achieved (Figures 1B, 1C and 1D). Exanple 2: Increased anplicon yields
fromDNA with induced abasic sites (after citrate treatnent) follow ng
pretreat nent W essay thezgxtentioft tepmis@f GameageddaNGy, variowus extents of

damage resul ting f basic site,. 2006/ Q47461 PCT/ US2005/ 038281 -32 To
assay t@“@%ﬂéﬁ%fdﬁﬁmﬁaﬂ}a% WaShH gD ,egj%bf Fért']gte 5Fﬁ?§ﬁ’f‘§rgf DNA danage
was fir Sgp:l i atnment. This was achieved as follows: 5
DNA \A/assfcpe%tr}?lg%%[%ggé\ééa ?es?g(rﬂf)g%% by Ide, H, et al. Biochemstry

32(33):8276-83 (1993). Lanbda DNA (NEB#N3011, New Engl and Bi ol abs, Inc.,

| pswi ch, MA) was ethanol precipitated. The DNA was resuspended in
depuri nat i on DNAf was(depurinatedcrs desaibedvbyideattd., ¢Heb. 0) at a

O e, AT e R LR8BI A Gy 40100, 29 o
e oy SRR mibREs, el SR ApnCAl s Sbreasenispekan,
The DNA was resuspended in depurination buffer (100 mM NacCl, 10
10 mM citrate, pH 5.0) at a concentration of 0.5mg/ml and incubated
at 70°C for 0, 20, 40, 80, 120, and 160 minutes. The sample was
then ethanol precipitated and resuspended in EB buffer (Qiag en,
Inc., Valencia, CA). The DNA concentration was determined by
measuring the A260 of the DNA containing solutions.
15

Pretreatment of DNA with a mixture of enzymes

The damaged DNA was incubated at room temperature for 10
minutes in the following mixture:

20

DNA (2.5ng/120 minute damage);
100 uM dNTPs;

1 mM NAD+;

80 units Taq ligase;

25 0.1 units Tag DNA polymerase or 0.1 units E. coli Poll
(NEB#M0209, New England Biolabs, Inc., Ipswich, MA)) or 0.1 units
Taq:0.002 units of Vent® Pol, (NEB#M0254, New England Biolabs,
Inc., Ipswich, MA));

10 units E. coli Endo 1V;
30 1X thermopol buffer to a final volume of 96 ul.



15 Pretreatnent of DNA with a m xture of enzynmes The danaged DNA was

I ncubated at roomtenperature for 10 mnutes in the following mxture: 20
DNA (2. 5rgO2a@/oavsswt e danage); 100 p M dNTPs; 1 niM NADprTAB2008i0888Taq
ligase; 25 0.1 units Tagq DNA pol ynerase or 0.1 units E. coli Poll

( NEB#MD209, New Engl and Bi ol abs, I né3; Ipswich, MY)) or O .1 units

Taq: 0. 002 units of Vent(r) Pol, (NEB#MD254, New Engl and Bi ol abs, Inc.,

| pswi ch, M) Thel@bbletmikureohas Bndabatéd 30 rédm hempaeltubuféetoto a final
vol une of 96 d. WD 2006/ 047461 PCT/ US2005/038281 -33 The above m xture was

i ncubat ¢dirattescoml tthepetranafarredrtolige prioute@naplficadant ransferred to ice
prior to anplification. DNA anplification reaction 5 Anplification was
performed as described in Exanple 1 to generate a 5 kb anplicon. Anplicon

yi el ds %Ng%@yﬁ%%z%rpp a&fyppared with negative controls (Figure 2A) by

treating l'a containing abasic sites with the m xture of enzynes.
The 30 results are shown in Figure 2B for a series of pretreatnents using
different enzyne m xtures. The enzynme m xtures were varied with respect to

t he pol ymer ad¥mpiificasion was|peifomagdves desyiibedxianbxammlel ke oved
ampl i fi Cgaetr{eorrétgiaetsdklgfanl%)gﬁ‘cgﬁ(.t A?r(l:;gl?gon yields were increased as
compared with negative controls (Figure 2A) by treating lambda
DNA containing abasic sites with the mixture of enzymes. The
10 results are shown in Figure 2B for a series of pretreatments using
different enzyme mixtures. The enzyme mixtures were varied with

respect to the polymerase (E. coli Poll or Tag:Vent®).

Example 3: Improved amplification yvield of DNA extracted
15 from an intact organism after storage in a preservative

Genomic DNA was isolated from Meganyctiphanes norvegica
(Krill) as described in Bucklin, A. & Allen, L. D. Mol. Phylogenet.
Evol. 30(3):879-882 (2004). The Krill had been stored in ethanol
20 since 1999.

Pretreatment of the Krill DNA by a mixture of enzymes was
carried out as follows:
50 ng of M. norvegica genomic DNA;
25 100 UM dNTPs;
1 mM NAD+;
40 units of Tagq ligase;
0.5 units Tag DNA polymerase, 0.2 units Vent® (exo+) DNA
polymerase, or a Tag:Vent® (exo+) mix containing 0.05 units of
30 Tag DNA polymerase and 0.001 units of Vent® (exo+);
10 units E. coli Endo 1V;



15 froman intact organismafter storage in a preservative Genom c DNA was
| sol ated from Meganycti phanes norvegica (Krill) as described in Bucklin, A
& Al l en, Wwo 26/0¥d61 Phyl ogenet. Evol. 30(3):879-882 (2004)us2008@34¢8i || had
been stored in ethanol 20 since 1999. Pretreatnent of the Krill DNA by a
m xture of enzynes was carried out-34s fol | ows: 50 ng of M norvegica
genom ¢ DNA; 25 100 pM dNTPs; 1 mM NAD+; 40 units of Taq l|igase; 0.5 units
Taq DNA pol yriet Jherntopolumiffsr Yerd (ingl Vexane &NB6 ol yrer ase, or a

Taqg: Vent(r) (exo+) mix containing 0.05 units of 30 Taq DNA pol ynerase and
0. 001 unkhis reactient ways ipexbaled 11% ornusesat gepm keFPENatYES E@@@V@47461
PCT/ US2005/ 038281 tg%: 13 p'mernn ol, buffer to a final volune of 96 i. This
react | orPTREECANQBQEE I RRIEHED §t€R-00m t enperature before proceeding to
the anplification step. 5 DNA anplification reaction The anplification
primers corresponded to 52F and 233R as described in Bucklin, A & Allen,

L. D5 MabNAPAWIpitfRaion Eeadtion 30(3) : 879-82 (2004) generating a 200 bp
anplicon. 10 52F. | 1TTTAGCAATACACTACACAGCAA (SEQ ID NO 3) 233R
ATTACGCCAATCGATCACG (SEQ ID NO4) Priners were added to a final

concentrat ool 0. 3, AM 8% 4R SREhEI A Bo'dARLrg SRk Y  on of 200
described in Bucklin, A. & Allen, L. D. Mol. Phylogenet. Evol.
30(3):879-82 (2004) generating a 200 bp amplicon.
10
52F: TTTTTAGCAATACACTACACAGCAA (SEQ ID NO:3)
233R: ATTACGCCAATCGATCACG (SEQ ID NO:4)

Primers were added to a final concentration of 0.5 uM, and
15 each dNTP to a final concentration of 200 pM. 1 pl of the 50:1
Tag:Vent® mix (5 units Tag DNA polymerase and 0.1 units Vent®
(exo+) DNA polymerase added to the reaction) was then added to

each reaction to a final volume of 100 pL.

20 For the control reaction (lane 1), no Endo 1V, Taqg ligase or
pretreatment polymerase was added. Volumes were adjusted
accordingly. In reactions in which repair enzymes were omitted,
the appropriate volume of enzyme storage buffer was added to
control for buffer effects.

25

Cycling conditions were as follows: 30 sec at 94°C, 30 sec at
52°C and 1 min 40 sec at 72°C for 40 cycles. 25uL (one quarter of
the reaction) was loaded on a 1% agarose gel, prepared,
electrophoresed and visualized as described above.

30



Taq: Vent(r) mx (5 units Tag DNA pol ynerase and 0.1 units Vent(r) (exo+)
DNA pol ynerase added to the reaction) was then added to each reaction to a
final volwormoesfo4i4@ pL. 20 For the control reaction (| amreTiA)S2008038800 |V,
Taq |ligase or pretreatnent polynerase was added. Vol unes were adj usted
accordingly. In reactions in which Pépair enzynes were onitted, the
appropriate volune of enzyne storage buffer was added to control for
buf fer ef f edngredSefyampiicaroyikidi frosn Weilegenoficl DN wa sec at 94C, 30
sec at 52C and 1 min 40 sec at 72C for 40 cycles. 25Lr1€.;(y e quarter of the
reacticﬁnsemed @ﬁ@édpfﬁm@up%t@“ap&tbegeamptﬁ% &gl the @z¥iM&hor esed and
vi sual i ze SCri 006/ 047461 PCT/ U82005/ 038281 -35
| ncr easBf FI %ﬁ?@ggaog?ﬁ?%%](ﬁ&“%)é hom ¢ DNA was observed after
prei ncubation of the sanples using the enzynme m xtures descri bed above
(Figure 3). 5 Exarrpl e 4 Increased y| el ds of 10 kb anplicon u5| ng heat -

s m mki ™ a

Lanbda DNA was heat ed to 99C for 180 sec. 10 Pretreat ment of darraged DNA by

a ni xt Wamagee,DMNA was carried out as follows: Lambda DNA (1 Ry of 180
sec heat-treated DNA); 100 p Md NTPs; 15 1 nM NAD+;

Heat-damaged DNA was prepared as described in Example 1.
Lambda DNA was heated to 99°C for 180 sec.
10
Pretreatrment of damaged DNA by a mixture of enzymes was
carried out as follows:
Lambda DNA (1 ng of 180 sec heat-treated DNA);
100 uM dNTPs;
15 1 mM NAD+;
80 units of Tagq ligase;
0.1 unit of E. coli Poll;
100 units of E. coli Endo 1V;
1X thermopol buffer to a volume of 96 HL.
20 The mixture was incubated for 10 minutes prior to

amplification.

DNA amplification was performed as described in Example 1
except where specified below. Primers were added to the above 96
25 ul of preincubation mixture. Primer L71-10R (sequence
GCACAGAAGCTATTATGCGTCCCCAGG) (SEQ ID NO:5) replaced L72-
5R in Example 1. The icycler thermal cycler program was: 20 sec at
95°C for 1 cycle, 5 sec at 95°C, 10 min at 72°C for 25 cycles and
then 10 min at 72°C for 1 cycle. Amplicon size was 10 kb.
30



80 units of Taq lipase; 0.1 unit of E. coli Poll; 100 units of E. coli
Endo 1V; 1X therrnopol buffer to a volune of 96 pL. 20 The m xture was

I ncubat edwbanocl@74siinut es prior to anplification. DNA ampriUdsc@atssal was
performed as described in Exanple 1 except where specified below Priners
were added to the above 96 25 Rl of3®rei ncubation mixture. Prinmer L71-10R
(sequence GCACAGAAGCTATTATGCGICCCCAGG) (SEQ ID NO 5) replaced L72- 5R in
Exanpl e 1. ThepkoyNleivash@siBlized Psetestrfissdim B&mple deavith thedbC for 1
cycle, 5 sec at 95C, 10 mn at 72C for 25 cycles and then 10 mn at 72C
for 1 cyfdlwigkkceptishse 2! 1F &% loadingdbaffes/\was i eedtoudm 05/ 038281
-36 The DNA was visualized as .descyibed._ipn. Exapple 1 with the . foll ow ng
except i oA80 l\éﬁampltﬁca@}@ﬂ S%Q‘Ftr‘n@nbtié é‘(rf O\%B'%ﬁa 1973 W ATl d,i0

00 and TR0 QLARTE ol pad 1S iodir bR’ BA B HANEMA RalBd W C e

gel was aabhidnagarpeegdlahas B.8%sHhbfost §ebPe rasultsi gre shbwilxanpl e 5:
| mproved anplification yield of DNA extracted fromsoil sanples 10

Envi ronmimfadumaNA. was i solated fromthe soil using an Utrad ean Soil DNA
Kit from MoBi o Laboratories, Inc., Carlsbad, CA (catal og # 12800-50). 15
Pretreatnent of DNA with a |igase

Example 5: Improved amplification yield of DNA extracted

from soil samples

10
Environmental DNA was isolated from the soil using an
UltraClean Soil DNA Kit from MoBio Laboratories, Inc., Carlsbad, CA
(catalog # 12800-50).
15 Pretreatment of DNA with a ligase

A final volume of 100 pl containing 0.6 ug of environmental
DNA isolated from soil and one of the two ligases described below in
(a) and (b) formed the reaction mixture. This reaction mixture was

20 then incubated at room temperature for 15 min.

(a) 1X Tagq ligase buffer (New England Biolabs, Inc., Ipswich,
MA) and 80 units of Tagqg ligase.

25 (b) 1X T4 ligase buffer (New England Biolabs, Inc., Ipswich,
MA) and 800 units of T4 ligase (NEB#M0202, New England Biolabs,
Inc., Ipswich, MA).

1 ul of reaction mixture was used in the amplification reaction

30 described below.



A final volunme of 100 pl containing 0.6 g of environnental DNA isolated
fromsoil and one of the two |igases described belowin (a) and (b) forned
t he reactwornomint4sne. This reaction m xture was 20 themcirrusedatssisat room
tenperature for 15 min. (a) 1X Taq |ligase buffer (New England Bi ol abs,

Inc-, Ipswich, M) and 80 units of-3fag |igase. 25 (b) 1X T4 |ligase buffer
(New Engl and Biol abs, Inc., Ipswich, M) and 800 units of T4 |igase

(NEB#MD202, ppud Apgbanebtpo?l Reactidmc. . Ipswich, MY). 1 | of reaction
m xture was used in the anplification reaction 30 described bel ow WO
2006/ 047461 PCT/ US2005/ 038281 -37 DNA Anplification Reaction DNA

anplification was performed usin imers: . GOEEGXAGAGI TTGATCMIGGCTCA ( SEQ
I D NO 6) andDNA WM@WWQ@E@WW 7) (M=Cor A Y =

Cor T, = %ﬁﬁl : %i—r?C i . DNA havi ng an

anpl i coﬁésci’g@%@% b@'&m—g%g p ?g@gﬁ%ﬁ??ﬁ@gr@ﬁ% prol of each of the
pri ner sgGAAGK A CGGYTC CAPRGTFACTWCTYNBEQAD M@ 7)200 pM dNTPs,  1X
thernmopol buffer, and 1.25 units Taq DNA pol ynerase. The anplification was
per f or n@d wsC oy Ah¥ £dl bowlnK ey 8-brg-Gapaime br Ehese mrimars §ag eér 1 cycl e,

30 sec at _94C 1 min at 55C, 1 min 40 _sec at 72C for 32 cycles, then 5 mn
at 72C i@g @@%W%V'%a@@n@%@'?%%ﬁé'@as performed as described in

Exanple 1. The results are shown in Figure 5. Exanple 6: |nproved
anplification yield of ultraviolet |ight-

The 50 pul reaction contained 10 pmol of each of the primers,
10 1 pl of the repaired environmental DNA, 200 pM dNTPs, 1X
thermopol buffer, and 1.25 units Tag DNA polymerase. The
amplification was performed using the following cycling parameters:
5 min at 94°C for 1 cycle, 30 sec at 94°C, 1 min at 55°C, 1 min 40
sec at 72°C for 32 cycles, then 5 min at 72°C for 1 cycle.
15
Gel electrophoresis was performed as described in Example 1.

The results are shown in Figure 5.

Example 6: Improved amplification yield of ultraviolet light-
20 damaged DNA

To determine conditions for assaying the effectiveness of DNA
repair, 50 ug lambda DNA (NEB#N3011, New England Biolabs, Inc.,
Ipswich, MA) was diluted in TE buffer (10 mM Tris-HCl, 1 mM EDTA,

25 pH 7.5) to a concentration of 50 ug/ml and irradiated with 36 J/m?
UV light for 0, 10, 20, 30, 40 and 50 sec.

Pretreatment of damaged DNA by a mixture of enzymes was
carried out as follows:
30



20 danmaged DNA To determ ne conditions for assaying the effectiveness of
DNA repair, 50 g | anbda DNA (NEB#N3011, New Engl and Bi ol abs, Inc.,

| pswi ch, WB)powaa74il uted in TE buffer (10 mM Tris-HC, PCENISEDFA38286 pH
7.5) to a concentration of 50 g/m and irradiated with 36 3/rn2 UV |ight
for 0, 10, 20, 30, 40 and 50 sec. Pe¥treatnent of danmaged DNA by a m xture
of enzynmes was carried out as follows: 30 WO 2006/ 047461

PCT/ US2005/ 0398 oS JRRAS MBS A A Blati e eeer ot ur e

for 15 mnutes in W ng m xture: ng of | anmbda DNA- damaged
for 0, 1findGes WthéGoIIOngQTﬁm.cmdS) 5 200 pM dNTPs; 1 nM NAD+; 400
units Taq |igase; units polynerase |; _ 1Q units E. coli
Endo IV; 10 8D|\Uh|(59 g omamﬂd% DIMATQPQ“@QEQJQre@elpe@% Qs 4 ndo V).
(Trevi gﬁg Gai t q61:‘})sburg, MD); Thernopol buffer to a volune of 50 I. After
t he 15 Ry ubation, the 50 | reaction mxture 15 was added to 50 pi
of ans anplifi ern@q ?m%pgt on. The anplifi cation solution consisted of 40

prol “of each pri 2-5R and L30350F as described in Exanple 1 or
L72- 2R (t he DiArdedDte was CCATGATTCAGIGIGCCCGICTGG) (SEQ ID NGO 8), 1X
Therrnopol buffer, 1 mM NAD+, 200 pM dNTPs, 2.5 units Taq DNA pol yrnerase
400 units Taq ligase;
0.1 units E. coli DNA polymerase I;
10 units E. coli Endo 1V;
10 80 units or 10 units T4 pdg (also referred to as T4 Endo V).
(Trevigen, Gaithersburg, MD);

Thermopol buffer to a volume of 50 ul.

After the 15 minutes incubation, the 50 ul reaction mixture
15 was added to 50 pi of an amplification solution. The amplifi cation
solution consisted of 40 pmol of each primer (L72-5R and L30350F
as described in Example 1 or L72-2R (the DNA sequence was
CCATGATTCAGTGTGCCCGTCTGG) (SEQ ID NO:8), 1X Thermopol
buffer, 1 mM NAD™, 200 yuM dNTPs, 2.5 units Tag DNA polymerase
20 (NEB#MO0267, New England Biolabs, Inc., Ipswich, MA), and Hz0 to
a final volume of 50 pL. Combining the 50 pL repair reaction with

the 50 pl amplification solution gave a final volume of 100 l.

The 100 pl solutions were placed into a thermal cycler.
25 For the L72-5R and L30350F primer combination:
5 min at 94°C for 1 cycle; 30 sec at 94°C, 60 sec at 58°C, and 4 min
at 72°C for 30 cycles; 5 min at 72°C for 1 cycle.
For the L72-2R and L30350F primer combination:
5 min at 94°C for 1 cycle; 30 sec at 94°C, 60 sec at 58°C, and 2 min
30 at 72°C for 30 cycles; 5 min at 72°C for 1 cycle.



20 (NEB#MD267, New Engl and Biol abs, Inc., Ipswich, MM, and H2O to a fi nal
vol ume of 50 pL. Conmbining the 50 pL repair reaction with the 50 pi

anpl i fi cavoanoesal4stii on gave a final volunme of 100 NI . TireTABB00si03%61 Ut i ons
were placed into a thermal cycler. 25 For the L72-5R and L30350F pri ner
conbination: 5 mn at 94C for 1 cychg; 30 sec at 94C, 60 sec at 58C, a nd 4
mn at 72C for 30 cycles; 5 mn at 72C for 1 cycle. For the L72-2R and

2t 550, and D' Rrosgid 8 aanpllicagop iiaditabaf gl ifa ' IO %o
2006/ 041/ @], & rH§80§’él/ Qﬁ%@étmdﬁﬂnTBﬁbrW@éenﬂf‘e afzea@Phihlyi s idon pr oduct
was visual i ze 8% agar ose gel using ethidiumbromde. The size of

any bandasvmcpnnm? agaaw] adana dontainiogt e 2ripg teslden og | adder

NEB#N3200S, New Engl and Bi ol ab I h, . MA t andar d Th
oou t ANFB#hS 00 Ry, Faoian & Bipfts, 2 %Sﬁ“ﬁww MBY B2 ar on v el d of
DNA j WrA, WrB d WrC 10
I ncég?%rﬁﬁgﬂ%g kﬂﬁ t%%ﬁlitggﬁeiélfwhggnol%ugég\ml is de'[ erm nred :Pt er r

prei ncubation of the sanples using an enzyne mi xture containing proteins
i nvol ved in nucl eot| de exci sion repa| r. Pretreat rrent of stored DNA by a

10 Increased amplicon yield from krill genomic DNA is
determined after preincubation of the samples using an enzyme

mixture containing proteins involved in nucleotide excision repair.

Pretreatment of stored DNA by a mixture of enzymes is
15 carried out as follows:
Stored DNA is incubated for 1-180 minutes at 4-37°C in the
following mixture:
DNA: 50 ng of M. norvegica genomic DNA;
100 uM dNTPs;
20 1 mM ATP;
400 units of Taqg ligase;
0.1 units E. coli DNA polymerase I,
10 nM E. coli UvrA, 250 nM E. coli UvrB (or mutant UvrB¥),
plus or minus 50 nM E. coli UvrC
25 1X Thermopol buffer to a final volume of 96 ul.

* for mutant UvrB, see Zou, Y., et al. Biochemistry 43:4196-4205
(2004).

30 DNA amplification reactions are conducted as described in

Example 3.



400 units of Taq ligase; 0. 1 units E. coli DNA polynerase I; 10 nME. coli
WrA, 250 nME. coli WrB (or nutant WrB "), plus or mnus 50 nME. co/i
Wr C 25 WoTbhevmrowol buffer to a final volume of 96 |. *Pcrars2emsassl Uvr B,
see Zou, Y., et al. Biochem stry 43:4196-4205 (2004). 30 DNA anplification
reactions are conducted as describedqg-. n Exanple 3. WD 2006/ 047461

PCT/ US2005/ 038281 -40 Exanple 8: Increasing sequence accuracy of a DNA
anplification reaction by enzyne cl eavage of heterodupl exes 5 Experi nental
Conditions A Adding Taq ligase to T7 Endo | was denonstrated to increase
the 77 lﬁs&nﬁgle%Iﬁéreasmgaségaéhlc@ﬁa&bnfrag OFEhDNA randonly degrading
t he DNA I's approach makes 1T possible to reduce unvvant ed

het er od apnelifi i i : LEN) € 0 plexest i on. The
assay relies on treati ng a super coi I ed DNA cont a| ning a cr UCI form
structure with increasing anounts of T7 Endo I. 15 0, 1.6, 3.1, 6.2, 12.5
25, “%% 'c C(j)i |ts of T7 Endo | (NEB#MD302, New Engl and

Bi ol bsMﬁ—% . s added to 50 pl reactions conposed of 1 pg
of pUC(AT) (Guan, C, et.al. Biochemstry 43:4313-4322 (2004)) and 1X
NEBuf f er 20 (NEB#B?OOZS New Engl and Bi ol abs, Inc., Ipswich, MA). Plasmd
pAT25t et A ca\.bAddbiet) iTagpligase dd 'BUEQWD I (s Idlermsonstrwted to& Lilley, D

M J. | Bi ol 9-178 99
Ml)ncrealsoe the ZP? %Gndo% ?\IJA ra |3n |rr1] a regvatlon m&ture without

randomly degrading the DNA. This approach makes it possible to

10 reduce unwanted heteroduplexes resulting from mismatches in an

amplification reaction.

The assay relies on treating a supercoiled DNA containing a
cruciform structure with increasing amounts of T7 Endo L.
15
0, 1.6, 3.1, 6.2, 12.5, 25, 50, 100, 200, or 400 units of T7
Endo I (NEB#M0302, New England Biolabs, Inc., Ipswich, M A) was
added to 50 pl reactions composed of 1 ug of pUC(AT) (Guan, C.,
et.al. Biochemrnistry 43:4313-4322 (2004)) and 1X NEBuffer 2
20 (NEB#B7002S, New England Biolabs, Inc., Ipswich, MA). Plasmid
pAT25tetA can be used in place of pUC(AT) (Parkinson, M. J. &
Lilley, D. M. J. Mol. Biol. 270:169-178 (1997)) and Bowater, R. P.,
et. al. Biochemistry 33:9266-9275 (1994)). Another set of
reactions were set up simultaneously and used the same
25 components as described above with the addition of 1 mM NAD™
(Sigma catalog#N-7004, Sigma, St. Louis, MO) and 100 units of
Taq ligase (using a stock of NEB#M0208 at a concentration of 100

u/pl). All reactions were incubated at 37°C for 60 minutes.

30 The results were analyzed by running the reactions om a 0.9%

TBE agarose gel, stained with ethidium bromide, and visualized



et. al. Biochem stry 33:9266-9275 (1994)). Another set of reactions were
set up sinultaneously and used the sane 25 conponents as descri bed above
wi t h t he wodnadameaf 1 mM NAD+ (Signma catal og#N- 7004, Bcgros200St3828DuUi S,
MO) and 100 units of Taq ligase (using a stock of NEB#MD208 at a
concentration of 100 wu/pl). Al reagtions were incubated at 37C for 60
m nutes. 30 The results were anal yzed by running the reactions on a 0.9%

2006, 04748 ey, ighBLERO SR 8L RS T o A RSEEREE 0™ Wi o
T7 Endo Eg%éﬁ?gﬁlafsﬁﬁd REUREd PlRsHdoRrRUgeMcErikapesn@ihg b6 thel

correspo the supercoiled form (|l owerf band) and the rel axed

ci r cul ar sfiperdilgubform ioer ant) dndidhe medaxed aircuta Sopsr (upped pUC( AT)
into the relaxed circular formand a linear formthat ran internmediate to
the supBPBE)ied and relaxed circular forms. At certain T7 Endo |: DNA
ratiqs, a snmear was produced indicating that the T7 Endo | had 10 degraded
t he by non-specific enzymatic activity. The presence of Taq |igase

Si gnifiCan“YTVrEﬁ@@i%sb!l\ﬂed@ﬁ@'s@?E?cgﬂéQ du@ﬂt\ﬂ\lﬁqtor &hieoreldRied ratio is
further inproved by substituting T7 Endo | wit the nutant T7 Endo |
descri bedirculdmfioermanidoadineutioroathainraio intmed@se as2 the. 15 B.

and || gaSUPRISOIRS SRarslPREd R ALBiEs Ay SRRt B0 dreNAG 1 sol ati on
of DNA TLom§oLlsARYr W pibGaté® h@kating MYt tHEG7 Endo 1 had
10 degraded the DNA by non-specific enzymatic activity. The presence
of Tagq ligase significantly increased the usable T7 Endo I to DNA
ratio. This ratio is further improved by substituting T7 Endo I with
the mutant T7 Endo I described in International Publication No. WO

2005/052124.
15
B. Experimental conditions for determining the effectiveness
of the T7 Endo I and ligase mix for removing heterduplexes from
PCR reactions.
20 Isolation of DNA from soil and amplification of the purified

DNA is performed as described in Example 5 with the optional
addition of 5 units T7 Endo I or mutant thereof. Whemn T7 Endo 1 or
mutant thereof is added, an additional amplification cycle is added
(37°C for 15 minutes for 1 cycle). The last step is to allow the AP

25 endonuclease to cleave any heteroduplexes formed.

Gel electrophoresis is performed as described in Example 1.
Heteroduplex DNA is visualized on the gel as described in Lowell, J.
L. & Klein, D. A. Biotechniques 28:676-681 (2000)). .Absence of
30 heteroduplex DNA in the presence of T7 Endo I or mutant thereof

shows the effectiveness of T7 Endo I or mutant thereof with ligase.



DNA is perforned as described in Exanple 5 with the optional addition of 5
units T7 Endo | or nutant thereof. Wien T7 Endo 1 or nutant thereof is
added, amweddedii4osmal anplification cycle is added (37Cpronusidsnssat es for

| cycle). The last step is to allow the AP 25 endonucl ease to cl eave any
het er odupl exes forned. Cel electrophagresis is perfornmed as described in
Exanple 1. Heteroduplex DNA is visualized on the gel as described in
Lowell, J. L. &Klein, D. A Biotechniques 28:676-681 (2000)). Absence of
30 heteroduplex DNA in the presence of T7 Endo | or nutant thereof shows

the effectivenaasd&initiorEdpe ldeqtriBEHANIth tHRs PHdULt Hebtdption Y&
2006/ 047461 PCT/ US2005/ 038281 -42 Unit definitions are described with the

product dasle ofthiecenymeseeadited hereindnzthe R chtaloghdtewn in the NEB
catal og, _New Engl and Bi ol abs, |nc

~Ipswich, MA. F ) i
def i ni t i ASfaRnd Biatabendpci, MswighalMA t *ﬁ%\r,\n@%ﬁn?%%u ﬁﬁ‘qéﬁgﬁﬁ'ﬂr@'&% g#rgly?re

requi s ed onver t.er % | 1d into
great%r Tk%‘nn@%{;)cﬁl %&%&%qrhgg&@%C%%%&@%ﬁﬁwggbhaﬁl@qqﬁomur at 37C.
10 The TéoRpdR §redtA thatl 9098f Heu i aas@toNedhplisniticineasi ng
non-specific cleavage of DNA in the presence of |igase. Exanple 9:

| ncr easi ggedter $equUO0ee |lavzar BB iof a acbtionavplumeatdfon0 nddct Lonowr t er

oxi dative danage 15 Generating DNA with oxidative damage The DNA subject to
oxi dat i vat @tege was pWB407 (Kermekchiev, M B. et al. Nucl. Acids Res.
31:6139-47 (2003)). 20 The damage was incurred using a conbination of

net hyl ene blue (MB) and visible |ight as described previously (Sattler, et

al. fych. The T7 Endo I:DNA ratio can be increased without increasing

non-specific cleavage of DNA in the presence of ligase.

Example 9: Increasing the sequence accuracy of a DNA

amplication reaction after oxidative damage
15

Generating DNA with oxidative damage

The DNA subject to oxidative damage was pWB407
(Kermekchiev, M. B. et al. Nucl. Acids Res. 31:6139-47 (2003)).

20 The damage was incurred using a combination of methylene blue
(MB) and visible light as described previously (Sattler, et al . Arch.
Biochem Biophys. 376(1):26-3 (2000)). Plasmid DNA (200 pg/ml in
distilled water) was spotted on parafilm stretches (50 ul drops). MB
was added to the drops to a final concentration ranging from 0 to

25 50 (0, 3, 6, 12.5, 25 and 50) pg/ml (100 ul final volume). Plates
with these parafilm stretches were placed on ice and illuminated for
8 min. with a 1 x 100-W lamp. The MB-light-treated DNA was
precipitated, dried, and then resuspended in 50 pl of TE buffer (pH
8.0). Final DNA concentration was determined by the absorbance of

30 light at 260 nm.



Bi ochem Bi ophys, 376(1):26-3 (2000)). Plasmd DNA (200 g/m in distilled
wat er) was spotted on parafilmstretches (50 | drops). MB was added to the
drops to wofwewl47woncentration ranging fromO to 25 50 @QI/U32008/03%81 5, 25
and 50) pg/m (100 | final volune). Plates wth these parafilmstretches
were placed on ice and illumnated fgt 8 mn. wth a 1 x 100-W Il anp. The
I\/B-I ight-treated DNA was precipitated, dried, and then resuspended in 50

of T ff H,.8 0 DNA concentration was determ ned by the
absor baﬁBEM %‘&ant&ﬁ Cépaggégﬁ%m WO 2006/ 047461 PCT/ US2005/ 038281 - 43
DNA anplification conditions A portion of pW407 that contained the |acZ
gene was anplified using priners 316-138, 5 TGICGATCAGGATGATCTGGACGAAGAGC
(SEQ I D NO 9)A paaticy 3¢5 pV8B 4 0ZCAREOMEMARGEATCATACISOREGIVEGAGA (SEQ I D

NG 10). Priners 316-138 and 316-137 were based on the previously-described
pri mer s ¥NPIiedaHaINGBIiamars sdépdetively (Kermekchiev, M B. et al. Nucl.

10 o0 S0 CHA TeRGEA LA A ARG P EEBIET 14 e and 40 pi conol es
Of each aidi3ms-13ecEAAGETITINAGEAT UITACZEETGTRGAGA h the ther mal

stabl e pol ymerase used for anplification. 15 Cycling conditions when using
Taq DNA (SEQriieNG el NI imesADREE8 aNelW3Ehgl ARdverel hasedior thel pswi ch,

set o oateviosBhedesarbeac I SIIA RSN dd S o FEPCSHVE es. and
finally fofthBkhiel?™. & et al. Nucl. Acids Res. 31:6139-47 (2003)).
10 The 100 pL PCR reactions contained either 10 or 50 ng of template
DNA, indicated where appropriate, and 40 picomole s of each
primer. The cycling conditions utilized varied with the thermal

stable polymerase used for amplification.

15 Cycling conditions when using Tag DNA polymerase (NEB
cat#M0267S, New England Biolabs, Inc., Ipswich, MA) had an initial
denaturation step of 5 min at 94°C for 1 cycle, then 30 sec at 94°C,
60 sec at 58°C, and 3 min 30 sec at 72°C for 30 cycles, and finally 5
min at 72°C.

20

Cycling conditions when using Phusion DNA p olymerase (NEB
cat#F-530S, New England Biolabs, Inc., Ipswich, M.A) had an initial
denaturation step of 30 sec at 98°C for 1 cycle, then 10 sec at 98°C,
30 sec at 62°C, and 1 min 30 sec at 72°C for 30 cycles, and finally 5

25 min at 72°C.

The reaction outcomes were analyzed by loading 25 uL of the
reaction on a 1.6% agarose gel, prepared, electrop horesed and
visualized as described above. The marker used was the 2-log DNA

30 ladder (NEB cat#N3200S, New England Biolabs, Inc., Ipswich, MA).



Cycling conditions when using Phusion DNA pol ynerase (NEB cat#F-530S, New
Engl and Bi ol abs, Inc., Ipswch, MA) had an initial denaturation step of 30
sec at 98E€ofose/7mycl e, then 10 sec at 98C, 30 sec at @®@2TUsarnd/03s8281 n 30
sec at 72C for 30 cycles, and finally 5 25 mn at 72C. The reaction
outcomes were anal yzed by | oading 254L of the reaction on a 1.6% agarose
gel, prepared, electrop horesed and Vvisualized as described above. The

mar ker used_was the 2-lo DyA 30 | adder (NEB cat #N3200S, New Engl and

Bi ol absAMMR, !FaF’Wéﬁl,”"%% e /47461 PCT/ US2005/ 038281 -44

Anplification accuracy determ nation The accuracy of DNA anplification from
the pWB407 tenplate was determ ned as descri bed by Barnes, et at. Cene

112: 29-35 5 TIR9ALcardcyermekahdeiplififatidn fidmltheAoWB4BIs teRip|6189- 47
(2003). Anplicons containing the lacZ gene were generated from plasmds
pWB407 was deddriminedsasdescabedbyiilaraasy gtaap @rane 3 2 49 ud?i ve damage.

B s e L
ool a2 80 £5PHERs FEB B o g A e R ours ot
37C. Thbtasrai @8 pVBY ORtRdt tHrl beegi suthjeiceen tat differimsgri atn dnds, oft he

resulting anplification products were extracted with phenol/chloroform 15
pr eci pi oxidaii vesdamagepridpresidative samageavaripgyformedasiigry  Manual |

2o e DR R ey PR s RS, P
Lﬁf}gtﬂ’lefb‘égfﬁnﬁgﬁce'&ﬁn Istﬁpg rz]sfswhg%ftﬁérhlaﬁater§§tdés%wt@a gpeoaucl apges Styl and
cycling, 10 units of the restriction endonuclease Dpnl was added to
each 100 pL PCR reaction and incubated for 2 hours at 37°C. This
step eliminated the original template plasmid. Next, the resulting
amplification products were extracted with phenol/chloroform
15 precipitation using isopropanol (Molecular Cloning: A Laboratory
Manual, 3™ ed., eds. Sambrook and Russell, Cold Spring Harbor
Press, Cold Spring Harbor, NY, 2001, pp. 6.25, A8.12-A8.24).
Precipitated products were resuspended in H,0O and cut with the
restriction endonucleases Styl and HindIII using conditions
20 recommended by the manufacturer (New England Biol abs, Inc.,
Ipswich, MA). The DNA digestion reactions were stopped by
inactivating the HindIII and Styl enzymes by heating to 65°C for 20
min. The restriction digestion products were purified using a
microcon YM-100 column (Millipore, Billerica, MA) to eliminate short
25 DNA fragments.

The repair reaction mixtures in a total of 50 pl contained 10
or 50 ng of pWB407 amplicons +/- methylene blue incubation. The
repair reactions contained 20 mM Tris-HCI (pH 8.8 at 25°C), 10 mM

30 KCI, 10 mM (NH4)2S04, 2 mM MgS0y, 0.1% Triton X-1.00, 1 mM



20 recommended by the manufacturer (New England Biol abs, Inc., |[|psw ch,
MA). The DNA digestion reactions were stopped by inactivating the H ndlll
and Styl wozyeea74sy heating to 65C for 20 m n. The resPciratseas/os82gest i on
products were purified using a mcrocon YM 100 colum (M IIi pore,
Billerica, MA) to elimnate short 2% DNA fragments. The repair reaction

m xtures in a total of 50 pl contained 10 or 50 ng of pWB407 anplicons +/-

Y SRRSO e R A AR T
X-100, éﬁg\glg\gg%g%?é?ﬁ&ﬁg}egﬂl US2005/ 038281 -45 NAD+, 200 pM dNTPs (dATP,

dTTP, d X and various repair enzynme mxtures. The repair
enzyme m xtures used separately or in various 5 conbinations in a total

vol une of 50ul were: 0.4 units Fpg, NEB cat #M)240S, New Engl and Bi ol abs,
Inc., | psw chhevapaireozymia mi asi 43e@;separatplyt@ren ¥aPUBNA pol yner ase

;10 10 uni.ts .E. coli olV, 1 D+; 100 M dNTPs; 1X Ther nopol
buf f et . E@”{h\aa\"@aﬁt'Pﬁgg%r@lpmﬁgg@md@’é%'c for 15 mnutes. After the
i ncubation, 5 - ' i | BidlabL5fg., 10 mM KCI,
10 m (NM)zs&?Héﬁ'ﬁﬁﬂq:mgB)&a(fm g%@%?%o%"%“ﬁ?w RADH 200" pM dNTPs
(dATP, dIgdwichCMA)and dGIP), 2.5 units Tag DNA pol ynerase (NEB
cat #MD267S, New Engl and

200 units Taq ligase;

0.1 units E. coli DNA polymerase I;

10 10 units E. coli Endo 1V;
1 mM NAD+;
100 uM dNTPs;

1X Thermopol buffer.

15 The reactions were incubated at 25°C for 15 minutes. After
the incubation, 50 pyL of a PCR mix (20 mM Tris-HCI (pH 8.8 at
25°C), 10 mM KCI, 10 mM (NH4)2S04, 2 mM MgSO4, 0.1% Triton X-
100, 1 mM NAD*, 200 uM dNTPs (dATP, dTTP, dCTP, and dGTP),
2.5 units Tag DNA polymerase (NEB cat#M0267S, New England

20 Biolabs, Inc., Ipswich, MA) was added to the 50 pL repair reaction
and this new solution was subjected to thermal cycling conditions
for PCR. The amplicons from these reactions were purified and

restriction enzyme digested as described for other amplicons above.

25 The amplicons were cloned into the pWwB407 plasmid.
Plasmid pWB407 was prepared by digestion with thie restriction
endonucleases Styl and HindIII followed by a 30-miinute incubation
at 37°C with 1 unit/ug DNA of antarctic phosphatase (NEB
cat#M0289S, New England Biolabs, Inc., Ipswich, MA). The

30 dephosphorylated pWB407 vector backbone was puirified by agarose



20 Biolabs, Inc., Ipswich, MA) was added to the 50 pL repair reaction and
this new solution was subjected to thermal cycling conditions for PCR The
anpl i conswbnomwtshsse reactions were purified and restriPCTiUSR005/02328E

di gested as described for other anplicons above. 25 The anplicons were

cloned into the pwWB407 plasmd. Pl a%m d pWwWB407 was prepared by digestion
with the restriction endonucleases Styl and HindlIl followed by a

30-minute incubation at 37C with 1 unit/p of, ant arcty hasphat ase
( NEB cagﬁmmg;plnewse&g@%eﬁrap%@,Wﬁﬁo&? @HE\%?c‘Nm‘NR) bl’%‘ﬁ“‘g‘é

dephosph I e s purified by agarose WO
2006/ 0473% Wﬁ@%@fé@%& ‘93@?‘3@?’ g]@(’:t rophoresis. Gel extraction was
performed with a Q Aquick Gel Extraction Kit (Q agen, Valencia, CA). The

di gested anplicons were ligated into the prepared 5 p\WB407 plasmids in 30
pL reactions Tiendigaspedampliedys terepljigatestirtio heaps@R aB6ut 0.5 pg

anplicon. T4 |igase was used to erformthe ligation follow ng the

manuf act PVERE0/ RIGSHRIAGER 3@(})‘5@@&\%;@&'( HéW%ﬁ@Pgﬂﬁ'r@s?BﬁfﬁbQ- K., Beverly,
MA) . Ligati I ed-4 : i nai n WB441
(Barnes, %W?%ODMg%ﬁlgpggg §5§@%5W?6%'edg4epé§?$\%g€Hd? %(gttgr pl at es used
vere LBpdfdies themigatibRFohdwidrthampiaeiufbotureds Becogimeridaetd. Before
plating, the bacteria were incubated in rich broth for 1 hour at 37C to

al | ow exmoasitians ¢NevhEnghpnd Biokabsedins: aBewerigoMAbl Li GatEdr mat i ons
| acking ligase treatnent resulfed.in zero,135 col gni | onj es re scored
for blue F’(FgaHFtsa’f’V[eé'@ %lﬁgtwrgée(gmo Z:a 6’/’0%53'& Wgﬁa@agﬁ%"%%wme
resulfs &) §HqWHign %@?))1.0Th%r§jeléétiv@xi"f\'a?&aecoi‘?jlaﬁé‘ﬁr@@édi Yetdre
sequence accuracy of "a

LB plates containing 50 ug/ml ampicilin and 80 ug/ml X gal. Before

plating, the bacteria were incubated in rich broth for 1 hour at 37°C

to allow expression of the ampicilin resistance.

Control transformations lacking ligase treatment resulted in zero

15 colonies. Colonies were scored for blue color after one day at 37°C,
and one or two days at 25°C. The results are shown in Figures 10

and 11.

Example 10: Increasing the sequence accuracy of a DNA
20 amplification reaction after deamination damage

Generating deaminated DNA

The DNA subject to deamination was pWB407 (Kermekchiev, et al.
25  Nucleic Acids Research, 2003, Vol. 31, 6139-6147 ). T he damage
was incurred using random mutagenesis with nitrous acid as
described in Yan, W. et al. J Virol. 2003 Feb;77(4):264 0-50. Nitrous
acid can deaminate guanine in DNA to xanthine, cytosine to uracil,
and adenine to hypoxanthine.
30



20 anplification reaction after deam nati on danmage GCenerating deam nated
DNA The DNA subject to deam nation was pWB407 (Kernekchiev, et al. 25

Nucl ei ¢ AsodsodRasssar ch, 2003, Vol . 31, 6139-6147 ). The Pdarusges/ 0s&s1

i ncurred using random nutagenesis with nitrous acid as described in Yan, W
et al. | Virol. 2003 Feb;77(4):264-Q50. Nitrous acid can deam nate
guanine in DNA to xanthine, cytosi ne to uracil, and adenine to

hypoxant hi ne. _30 W 6/ Q47461 PCT/ US2005/ 0 - P } d DNA (2ng)
was treated mf'@ﬁ%?ggfﬁ\légmé} Wﬁsgﬁ&aﬁwﬁgﬁgé%éﬁ?ﬁ% Iﬁlé‘rﬂ The reaction
was term rbQus 4 i j fatdvabugasmef ice-cold
1 MTri 25?:?{3?%@5;%& eé'épil-ggemrggmﬁv@és!s S?ﬂﬁ%ﬁéggd, %ri ed and then

r esuspenggthtisrbyl @dditori ofod vBRimeSS eff icePeeld &a¥l k- Cegpti B0t Bheepai r

deam nat ed bases The repair enzynme m xtures used separately or _in various
10 conbi piagittDINA vaapredpitiaseds degdnanddhen esuspended iud8R Aag, New
Engl and Bi ol o lhc., Ipswch, MA; 2 units Endo Il (NEB cat # M)268S),
New Engl &?\'oogrglbéﬂf‘?r' 15 Inc., Ipswich, MA 2 units Endo V (NEB cat #
MD305S), New Eng land Biolabs, 1Inc., Ipswich, MA;, 2 units UDG (NEB cat #
MD280S), New England Biolabs, Inc., Ipswich, MA 20 200 units E. coli Endo
1V, 0.1 wpetreabmesrt! reddidmod yepasdedminated bases

The repair enzyme mixtures used separately or in various

10 combinations in total volume of 50 ml were:

(a)
1 unit Human Aag, New England Biolabs, Inc., Ipswich, MA;
2 units Endo III (NEB cat # M0268S), New England Biolabs,
15 Inc., Ipswich, MA;
2 units Endo V (NEB cat # M0305S), New Eng land Biolabs,
Inc., Ipswich, MA;
2 units UDG (NEB cat # M0280S), New England Biolabs, Inc.,
Ipswich, MA;
20 200 units E. coli Endo 1V;
0.1 units E. coli DNA polymerase I;
10 units E. coli Endo 1V;
1mM NAD+;
100 mM dNTPs;
25 1x Thermopol buffer.

(b)
2 units Endo V (NEB cat # M0305S), New England Biolabs,
Inc., Ipswich, MA;
30 2 units UDG (NEB cat # M0280S), New England Biolabs, Inc.,
Ipswich, MA;



10 units E. coli Endo 1V; 1nmM NAD+; 100 mM dNTPs; 25 1x Thernopol buffer.
(b) 2 units Endo V (NEB cat # MD305S), New Engl and Bi ol abs, 1Inc., |psw ch,
MA; 30 2 woi2065/04D61( NEB cat # MD280S), New Engl and Bi ol 2b3/uskevs/038281 pswi ch,
MA; WD 2006/ 047461 PCT/ US2005/ 038281 -48 200 units E, coli Endo IV; 0.1
units E. coli DNA polynerase |; 104gits E. coli Endo IV, 1nM NAD+; 5 100
nmM dNTPs; 1x Thernopol buffer. (c) 2 units Endo V (NEB cat # M)305S), New
Engl a nd Bi ol ,. .10 dnc., ich, MA; 200 units E. coli Endo IV, 0.1
units E. coliggﬁlﬁr”'ﬂg?ﬁrépé{s@l@smo units E. coli Endo IV; 1mM NAD+; 15 100
m M dNTPs; lxoT]'F\I/Ernrp@,pgl cBHTINeA -pol(leradenit Human Aag, New Engl and Bi ol abs,
, . 20 2 [

Inc., Ipswch units Endo |11 (MEB cat # MD268S), New Engl and
Bi ol abs, 10 units E. coli Endo 1V;
1mM NAD+;
5 100 mM dNTPs;

1x Thermopol buffer.

(c)

2 units Endo V (NEB cat # M0305S), New Engla nd Biolabs,
10 Inc., Ipswich, MA;

200 units E. coli Endo 1V;

0.1 units E. coli DNA polymerase I;

10 units E. coli Endo 1V;

1mM NAD+;
15 100 mM dNTPs;

1x Thermopol buffer.

(d)
| 1 unit Human Aag, New England Biolabs, Inc., Ipswich, MA;
20 2 units Endo III (NEB cat # M0268S), New England Biolabs,
Inc., Ipswich, MA;
200 units E. coli Endo 1V;
0.1 units E. coli DNA polymerase I;
10 units E. coli Endo 1V;
25 1mM NAD+;
100 mM dNTPs;

1x Thermopol! buffer.

(e)
30 1 unit Human Aag, New England Biolabs, Inc., Ipswich, MA;



Inc., Ipswich, MA; 200 units E. coli Endo IV; 0.1 units E. coli DNA
polynerase |; 10 units E. coli Endo IV, 25 1nM NAD+; 100 m M dNTPs; 1x
Ther mopolwbubdear7461(e) 30 1 unit Hurman Aag, New Engl andpBiraisadws/o3d2sc. |

| pswi ch, MA; WD 2006/ 047461 PCT/ US2005/038281 -49 2 units UDG (NEB cat #
MD)280S), New England Biol abs, Inc., 49 pswi ch, MA; 200 units E. coli Endo
IV; 0.1 units E. coli DNA polynerase |; 5 10 units E. coil Endo IV, 1 nM

NAD+; 100 dNTPs; 1 nopao 10 (f) 1 upipt H Aag, Ne
Engl and Bi ol a é{nlt%&f?él(g\ﬁeﬁg M&QSEN New: 29'@@?@0'@%?3“&0%053)\,/\/ New
Engl and Biglahs.malnc.. Ipswich, MA; 200 units E. coli Endo IV, 15 0.1 unit

E. coli polynefase I; 10 units E. coli Endo IV, 1nM NAD+; 100 mM
dNTPs; 1x Theppop@hitBH.f&li Endo 1V;

0.1 units E. coli DNA polymerase I;
5 10 units E. coli Endo 1V;

1 mM NAD+;

100 mM dNTPs;

1x Thermopol buffer.

10 ()
1 unit Human Aag, New England Biolabs, Inc., Ipswich, MA;
2 units Endo V (NEB cat # M0305S), New Engiand Biolabs,
Inc., Ipswich, MA;
200 units E. coli Endo 1V;
15 0.1 unit E. coli DNA polymerase I,
10 units E. coli Endo 1V;
1mM NAD+;
100 mM dNTPs;
1x Thermopol buffer.

20
The amplification reaction conditions and amnplification
accuracy determination are performed as described in Example 9.
Example 11: Unit Definitions
25

Thermophilic ligase unit

One unit is defined as the amount of enzyme required to give
50% ligation of 1 pg of BstE II-digested lambda DNA in a total

30 reaction volume of 50 pl in 15 minutes at 45°C.



20 The anplification reaction conditions and anplification accuracy
determ nation are perforned as described in Exanple 9. Exanple 11: Unit
Def i ni ti owe 28&/0ksnnophi lic |igase unit One unit is def ipoEdsassobsanount
of enzyme required to give 50%Iligation of 1 fag of BstE Il-digested

| anbda DNA in a total 30 reaction veline of 50 pl in 15 nminutes at 45C. WD
2006/ 047461 PCT/ US2005/038281 -50 Mesophilic ligase unit One unit is
defined pgesb ,'/a%ﬁgggeanignzyne required to give 50%Iligation of Hnd Il
di gest ed | anbda (S DNA termni 5 concentration of 0.12 pM 300 pg/m)
in a total reaction volume of 20 pl in 30 mnutes at 16C. AP endonucl ease

it 10 On t defined th { of i I 1

onif 10,0ne WS, o5 detined, o8 L AT oPLrSTRYIE SEAERSS Wls CLoe,
I I

TR gLk N AR =SecHATi 0 st

nmol  of @dbRBenttiaticrt od-O. mquMPBe)mpgﬁémlphnlantcﬁat atedctioreactiiore vbl une of 50
pl in 30 mnutes at 37C with 33 pM dNTPs 20 including [3H -dTTP and 70

pg/ m derék uk ed3Aeminutesped @ ONA.  Ther nophi | i ¢ pol ymeraseuUnit One unit
is defined as the amount of enzyne that will 25 incorporate 10 nnol of dNTP
into acid-insoluble material in a total

AP endonuclease unit
10
One unit is defined as the amount of enzy me required to
cleave 1 pmol of a 34-mer oligonucleotide duplex containing a

single AP site in a total reaction volume of 10 pl in 1 hour at 37°C.

15 Mesophilic polymerase unit

One unit is defined as the amount of enzy'me that will
incorporate 10 nmol of dNTP into acid-insoluble material in a total
reaction volume of 50 pl in 30 minutes at 37°C with 33 puM dNTPs

20 including [3H]-dTTP and 70 ug/ml! denatured herring sperm DNA.

Thermophilic polymeraseuUnit

One unit is defined as the amount of enzyme that will
25 incorporate 10 nmol of dNTP into acid-insoluble material in a total
reaction volume of 50 pl in 30 minutes at 75°C with 200 uM dNTPs
including [3H]-dTTP and 200 ug/ml activated Calf Thymus DNA.

For unit definitions for UDG and Fpg, (see NEB catalog, New
30 England Biolabs, Inc., Ipswich, MA).



reaction volunme of 50 pi in 30 mnutes at 75C with 200 pM dNTPs
[3H -dTTP and 200 pg/m activated Calf Thynus DNA. For unit definitions for
UDG and RpgQ,20¢c3mes6lNEB cat al og, New 30 Engl and Bi ol abs, ptmasoospssasch, M) .
WO 2006/ 047461 PCT/ US2005/ 038281 -51 Gene Nanme Activity Accession Number
UNG Uraci | - DNA gl ycosyl ase NM 08091156MJGL Uraci | - DNA gl ycosyl ase NM 014311
MBD4 Renobves U or T opposite G at N114 003925 CpG sequences TDG Renoves U,
T or ethenoC NM 003211 opposite G OGGL Renpves 8- 0xoG opposite C NM 016821
MUTYH (MYH) Renpbves A opposite 8-oxoG U14012222 NTHL1 (NTHLl) Renoves

i ncl udi ng

Ri ng- sat|u¢ateelangr hﬁ[002528 Heragiment ed pyri m di heschPés ikenoussr 3- MEA,
et henoA| NM 002434 thypoxant hine NEI L1 Renoves t%ynlne gl ycol NM 024608
NEI L2 Renowes oxl datfi ve [p_—raTLLQiqﬁ AlycdANLASUA3 Py kfa ggaas XPC BI ndp
darmged W%& ﬂ’)Q RAD223B. MM 90’)Q71 ( ER223B) YDP RAD 381
L G D
CETN? CETRDKIM 004344 FADSSA RSV FYTHEEs for HRR3BMNRODHE053  (HR23M)
MBD4 Removes U or T opposite G at NM 003925
CpG sequences
DG Removes U, T or ethenoC NM_ 003211
opposite G
0GG1 Removes 8-oxoG opposite C NM_ 016821
MUTYH (MYH) Removes A opposite 8-o0xoG NM 012222
NTHL1 (NTHI) Removes Ring-saturated or NM 002528
fragmented pyrimidines
MPG Removes 3-meA, ethenoa, NM 002434
hypoxanthine
NEILI Removes thymine glycol NM 024608
NEILZ Removes oxidative products of NM 145043
pyrimidines
XpPC Binds damaged DNA as complex NM 004628
RAD23B NM_002874
(HR23B)
XPC, RAD23B, CETN2
CETN2 NM_004344
RAD23A Substitutes for HR23B NM_005053
(HR23A)
XPA Binds damaged DNA in NM 000380
preincision complex
RPAI Binds DNA in preincision NM_002945
complex
RPA2 RPA1l, RPA2, RPA3 NM_ 002946
RPA3 ™NM_ 002947
ERCC5 (XPG) 3' incision NM_ 000123




XPA Bi nds danmaged DNA in NMDO0380 preincision conplex RPAL Binds DNA in
conpl ex RPA2 RPA1, RPA2, RPA3 NM 002946 RPA3 NM

prei nci si on NMD02945

002947 BROG(MPGY 3'
-52 CGene Nane Activity Accession Nunber
001983 ERCCA ( XPF) 5'

ERCC1 5'

for

i nci sion NM 000123 WO 2006/ 04746 2CiP@R2005266281 038281
i nci sion subunit NM
I nci si on subuni52- NM 005236 LI GL DNA joining NM
000234 CKNl1 (CSA) Cockayne syndrone; Needed NM 000082

transcription-coupl ed NER ERCC6 (CSB) CKN1, ERCC6, XAB2 NM 000124 XAB2

( HCNP)

DDB2

DDB1,

(DNase
FLJ3522
| nvol ve

19) FENL

FANCA

N\GO20086 DBl Conphesivdef ective in XP NV 86d8330on guotsr E
2 NM 000107  MVB19L Transcription and NER NM Q22362 (.
C| i %Endonucl lease® NMOF421 15UPHAE SPO | endofiieTP%3%% NM 012444
D EARIS :(y}bk)S' of A ypREaTb i e N 173627 (&, 'TASZ%ILIFUI actt
 in tol erance or NWD00135
LIG1 DNA joining NM_ 000234
CKN1 (CSA) Cockayne syndrome; Needed NM_ 000082
for
transcription-coupled NER
ERCC6 (CSB) CKN1l, ERCC6, XAB2 NM_000124
XAB2 (HCNP) NM_ 020196
DDB1 Complex defective in XP NM_ 001923
group E
DDB2 DDB1, DDB2 NM 000107
MMS19L Transcription and NER NM_ 022362
(MMS19)
FEN1 (DNase Flap endonuclease NM_ 004111
IVv)
SPO11 endonuclease NM_012444
FLJ35220 incision 3' of hypoxanthine NM 173627
(ENDOV) and uracil
FANCA Involved in tolerance or NM 000135
repair of DNA crosslinks
FANCB FANCA, FANCB, FANCC, NM_ 152633
FANCC FANCD2, FANCE, NM_ 000136
FANCDZ2 FANCF, FANCG, FANCL NM 033084
FANCE NM 021922
FANCF NM_022725
FANCG NM 004629
(XRCCY)
FANCL NM 018062
DCLRE1A DNA crosslink repair NM_014881
(SNM1)
DCLREIB Related to SNM1 NM_ 022836
(SNM1B)
Gene Name Activity Accession Number
NEIL3 Resembles NEIL1 and NEIL2 NM_ 018248
ATRIP ATR-interacting protein NM_ 130384
(TREX1) 5' alternative ORF of the
TREX1/ATRIP gene




repair of DNA crosslinks FANCB FANCA, FANCB, FANCC, NM 152633 FANCC
FANCD2, FANCE, NM 000136 FANCD2 FANCF, FANCG FANCL NM 033084 FANCE NM
021922 PADGBoMWT422725 FANCG NM 004629 ( XRCC9) FANCL pivi328662328 DCLREI A
DNA crosslink repair NM 014881 (SNML) DCLREIB Related to SNML NMD22836
(SNMLB) Gene Name Activity Accession bkinber NEIL3 Resenbles NEIL1 and
NEI'L2 NM 018248 ATRI P ATR-l nt eractl ng prot ein NM 130384 (TREX1) 5'

al t er nat ~f ha  THE ')nnal n 7/1@1 PCT /| IC’)nnEJﬂ08281

NE, u'\l_ UI l. IIU I II\I | (Sravavee))
-53 NTH Rengves damaged pvrwﬁ dfi?l%sqéﬁleyﬁmnge NE T AR T damage

pyri m dijnBEINP415242 1 Mérnomoﬂymweslm'el@dleﬁ@lonucNE&SéZNF’£418426 L MJTM
For mani qopyzl M di e DNA N2 g 80920t 37 wm&m&& N Unged¢ 1DV g yposyl ase
NP 4170'75M1 UVRA-DNA--exci-si-on—repair enzyime NP 418482 1 LNVRB conpl ex NP
— T —
415300. 1 "B UVRA, | WVRESERREORE A1 NE_415092.1
glycosylase

UNG Uracil-DNA glycosylase NP_417075.1

UVRA DNA excision repailr enzyme NP_418482.1

UVRB complex NP_415300.1

UVRC UVRA, UVRB, UVRC NP_416423.3

DENV Pyrimidine dimer glycosylase NP_049733.1




DENY Pyrim di ne di ner glycosylase NP_049733.1 WD 2006/ 047461

PCT/ US2005/ 038281 -54 IN THE CLAIMS 1. A nethod for enhancing at | east one
of fidel iwgpeowb4yioel d of an 5 anplification product of paTadmpwg®BS281

pol ynucl eoti de, conprising: (a) incubating the polynucleotide in the
absence of Endonucl ease (Endo) VI inmua reaction mxture conprising a |ipase
and a cofactor selected from NAD+ or ATP; (b) permtting anplification of

t he pol ynucl eotide to occur in 10 the reaction m xture by the addition of
anplification reagents to the reaction mxture during or after step (a);

and (c) mt}?ﬂg Ieast one of fidelity or yield of the anplification
pr oduct e presence of step (a) conpared to in the absence of step(a).
15 2. A method according to claim1, wherein step (c) |s independent of a

time of incubation in step (a). 3. A nethod accordi im1l, wherein
the |igaseAi me&hod(formﬂhﬁrsttlaclai lsagiane af flﬂeH’é‘{l@&ﬂ( a&lé g to claiml,

it ageni 2BIGErEe Predlct i 42 arse pEMTIseo P RRMBIST) a DA or
DNA-protein @5 wc%%tmgﬂ%@e ol AUERIRIL P80 BGrice 6f alm L uherein the

pol ynucl eot i obtal a natural source. 30 6. A rret hod accordi ng
to cl ai "MEpdonheregise @E\@d@pwrlnczi eohcdenimixtabe aomeprikimgnapli ggseved

bi ol ogi cal material. W 2006/ 047461 PCT/ US2005/ 038281
and a cofactor selected from NAD+ or ATP;
(b) permitting amplification of the polynucleotide to occur in
10  the reaction mixture by the addition of amplification reagents to the
reaction mixture during or after step (a); and
(c) enhancing at least one of fidelity or yield of the
amplification product in the presence of step (a) compared to in the
absence of step(a).
15
2. A method according to claim 1, wherein step (c) is independent

of a time of incubation in step (a).

3. A method according to claim 1, wherein the ligase is a

20 thermostable ligase.

4. A method according to claim 1, wherein the damage is selected
from apurinic/apyrimidinic (AP) sites, mutagenized nucleotides,
modified nucleotides, nicks, gaps and DNA-DNA or DNA-protein

25 cross-links.

5. A method according to claim 1, wherein the polynucleotide is

obtained from a natural source.

30 6. A method according to claim 1, wherein the polynucleotide is

obtained from preserved biological material.



-55 7. A nethod according to claim1, wherein the pol ynucleotide is
obtained fromforensic evidence. 5 8 A nethod according to claim1,

wher ei n twe 2p@losmea| eotide is ancient. 9. A nethod accecaiusgoososs2sai m 1,
wherein the pol ynucleotide is obtained froma tissue biopsy. 10 10. A

met hod according to claim1, whereii#¥5the reaction mixture further
conprises a T7 Endo | or mutant thereof. 11. A nethod according to claiml1,
wherein the reaction mxture 15 further conprises a pol ynerase and an AP
endonucl ease. 12. A nmethod according to claim 2, wherein the reaction

m xt ur e7. fumdibodcaagoidieg ta gaipmdr, agbesath the lpadgnucleqbidenifonucl ease. 20
13. A meb ad acfcordi ng%;lo claim3, wherein the ligase is selected froma
Taq |i g288218RH MANEFORRNSICIEYASEHEd the cofactor is NAD+. 14. A net hod
according to claim 11, wherein the AP endonucl ease conprises a T4

endonucl ease or an E. coli endonucl ease. 25 15. A nethod according to claim

14, zhegeinidthotiPaecsialinglteaskaim 9, Ewheekin Bndpdliyhudkotiier® hod accordi ng
to claim1l, wherein the polynerase 30 conprises a Taq pol ynerase, an E.
co/i pobyae@ndse or an archaeal polymerase or nutant thereof. WO

2006/ 047461 PCT/ US2005/ 038281 -56 17. A nethod according to claim 16,
wherein the archael polynerase is selected fromPfu, Vent(r), Deep

Vent (1) g, MNRHdthoPacbordRb BOLYETRY IS8wherein the polynucleotide is
obtained from a tissue biopsy.
10
10. A method according to claim 1, wherein the reaction mixture

further comprises a T7 Endo I or mutant thereof.

11. A method according to claim 1, wherein the reaction mixture

15 further comprises a polymerase and an AP endonuclease.

12. A method according to claim 2, wherein the reaction mixture

further comprises a polymerase and a class II AP endonuclease.

20 13. A method according to claim 3, wherein the ligase is selected

from a Tagqg ligase and an E. coli ligase and the cofactor is NAD+.

14. A method according to claim 11, wherein the AP endonuclease
comprises a T4 endonuclease or an E. coli endonuclease.

25
15. A method according to claim 14, wherein the AP endonuclease
is E. coli Endo 1V.

16. A method according to claim 11, wherein the polymerase
30 comprises a Tag polymerase, an E. coli polymerase or an archaeal

polymerase or mutant thereof.



5 18. A nethod according to claim1l, wherein the polynucleotide is DNA
and the reaction m xture conprises 1-100 units of E. coli Endo 1V,

0. 05- 0. 25vonnie4ei61E. coli Poll and 5-500 units of |igaseTasded/ 088281 1- 1000
ng DNA. 10 19. A nethod according to claim 11, 12 or 18, wherein the
reaction mxture further conprises_si4 pyrimdine dinmer glycosylase. 20. A
nmet hod according to claim1l, 12 or 18, wherein the reaction 15 m xture

further conprises [fapy]-DNA glycosylase (Fpg). 21. A nethod according to
claim11l, 12 or 18, wherein the reaction mxture further conprises at

east ongofy WA MLy s G0 MR 1 801G 8% Bfcndenet hod according to

claim11; e rfeacti‘on Tmxture er conprises Endo V

or Endo hplymerasctidBéetedgeandPig Vent? abaega/entireiNotthe anedct i on mi xtu
re 25 furt'her conprises Endo V and at | east one of UDG and Aag or Endo

111 and &BD patymenasef UDG and Aag. 24. A nethod according to claim1l, 12
or 18 wherein the m xture further conprises UDG and Aag. 30 WD 2006/ 047461
PCT/ U52005/ 038281 -57 25. A nethod according to claim1, wherein the

Franscri 861 ohTDG LR SER a1 - W RaEr e SRR F BT Lot on.
rol1ing DNA @ngl efrehtgahimixtore Warhprigesdre 0amhitsi efafi coli Bhdo
IV, 0.05-0.25 units of E. coli Poll and 5-500 units of ligase added to
1-1000 ng DNA.
10
19. A method according to claim 11, 12 or 18, wherein the reaction

mixture further comprises T4 pyrimidine dimer glycosylase.

20. A method according to claim 11, 12 or 18, wherein the reaction

15 mixture further comprises [fapy]-DNA glycosylase (Fpg).

21. A method according to claim 11, 12 or 18, wherein the reaction
mixture further comprises at least one of UvrA, UvrB, UvrC, UvrD
and Cho.

20
22. A method according to claim 11, 12 or 18, wherein the reaction

mixture further comprises Endo V or Endo III.

23. A method according to claim 22, wherein the reaction mixture
25  further comprises Endo V and at least one of UDG and Aag or Emdo
III and at least one of UDG and Aag.

24. A method according to claim 11, 12 or 18 wherein the mixture
further comprises UDG and Aag.
30



26. A nethod according to claim1, wherein the polynucleotide is a

singl e-stranded RNA and the anplification is RT-anplification. 27. A nethod
accor di ngvoao@lar4sn 1, wherein anplification of the 10 pecyruseéososs:ée is
capabl e of producing an anplicon in a size range of 50 nucleotides to

100, 000 nucl eotides in a polynerase_gnain reaction. 28. An anplification
kit, conprising: instructions for use and one or 15 nore enzynmes wherein

at | east,pne of .the enz S 1,8 | igas th . ynme being

for mul at 20 PofShd orondna s dapnife Bharsi Mg ammibedaiidice

anpl i fi CﬂtROé‘anlifféﬁtidﬁ,ehéﬁdé%re-ﬁjegeﬁ%ﬁt!a?ﬂpﬂﬁcéhénét!fpém&d:fﬁtﬁmn mxture to
enhance anplification. 20 29. A conposition, conprising: an effective
amount ofmexdibtedsam péfipatigne stead-asplaneArenteanipiifidedast nobiimigncl udi ng
Endo VI, the m xture being capable of enhancing at |east one of yield and
fidel ityCloEleaapIRlfiicaioner yrhale genome pawRifiea ared with anplification
of t pol ynucl eotide in 25 the absence of the conposition. 30. A
conposition according to claim29, wherein the AP endonucl ease is present

at a conggniy ﬁﬁét?ibd)écéoﬂé?ﬁgtt@ ERimt DewHRILHBha SOl AURIRRRIY i8ta 0. 05- 0. 25
units, and the Tigase Is présent 30 at 5-500 units in a vol ume 10-100 | for

use i n asipigesstphntiedaR NAnandithewamplifibafiodcisORT4dh pPdTtatispr005/ 038281 - 58
31. A conposition according to claim 30, suitable for repairing 1-1000 ng
DNA. 5 32. A conposition according to claim 31, wherei n the AP

endonucl gagse, | T ; n cke 33, 1.t ccording to
laim 32?§mﬁeﬁ?ﬁ\noq/%§c§t¢|ﬁ‘8 foAACE ERifereRt? arpARERASh ISR
10 polynucleotide is capable of producing an amplicon in a size range
of 50 nucleotides to 100,000 nucleotides in a polymerase chain

reaction.

28. An ampilification kit, comprising: instructions for use and o ne or
15 more enzymes wherein at least one of the enzymes is a ligase, the

one or more enzyme being formulated for addition to an

amplification mixture to enhance amplification or for use prior to

addition of the amplification mixture to enhance amplification.

20 29. A composition, comprising:
an effective amount of a ligase, a polymerase, and an AP
endonuclease not including Endo VI, the mixture being capable of
enhancing at least one of yield and fidelity of amplification of a
polynucleotide compared with amplification of the polynucleotide in

25 the absence of the composition.

30. A composition according to claim 29, wherein the AP

endonuclease is present at a concentration of 1-100 units, the

polymerase is present at 0.05-0.25 units, and the ligase is present
30 at 5-500 units in a volume 10-100 ul for use in a pre-amplification

mixture.



endonucl ease is E. coli Endo IV. 10 34. A conposition according to claim
29, wherei n the polynerase is E. coli poll. 315 A conposition according
to cl ai mw®O,20b6amtdser conprising T4 15 pyrim di ne di ner pgiryuseeloasel 36. A
conposition according to claim?29, further conprising [fapy]- DNA

gl ycosyl ase (Fpg). 20 37. A conpositisgn according to claim?29, further
conprising at least one of WrA WrB, WrC WrD and Cho. 38. A
conposition according to claim?29, further conprising Endo V or Endo |1
25 39. A conposition according to claim33, further conprising Endo V and

at | east IneAdorkbEstith AeordingeP cldim 309 saltabf@sfororep@iting/DG and Aag.
30 40. A conposition according to claim?29, further conprises UDG and Aag.

1-1000 ng DNA.

5 32. A composition according to claim 31, wherei n the AP

endonuclease is a Type II AP Endonuclease.

33. A composition according to claim 32, wherei n the AP
endonuclease is E. coli Endo 1V.

10
34. A composition according to claim 29, wherei n the polymerase is
E. coli poll.

315 A composition according to claim 29, furthe r comprising T4

15 pyrimidine dimer glycosylase.

36. A composition according to claim 29, further comprising [fapy]-

DNA glycosylase (Fpg).

20 37. A composition according to claim 29, further comprising at least
one of UvrA, UvrB, UvrC, UvrD and Cho.

38. A composition according to claim 29, further comprising Endo V
or Endo III.

25
39. A composition according to claim 33, further comprising Endo V
and at least one of UDG and Aag or Endo III and at least one of
UDG and Aag.

30 40. A composition according to claim 29, further comprises UDG
and Aag.



