Repair of Nucleic Acids for Inproved Amplificati on BACKGROUND Vari ous
approaches have been reported to repair DNA using base excision enzynes.
Unfortunately, these approaches in different ways cause further damage to
the DNA. Conventional PCR techni ques have been nodified to inprove
anplification in sonme aspects. U S. Phtent No, 5,035,996 describes a
process for controlling contam nation of nucleic acid anplification
reactions that RepeirtoieNudeidc &tidscfaolprovied AAmiplificatioml i fication
reaction. This process uses uracil glycosylase to elinmnate those PCR
products containing uracil to prevent contam nati ng subsequent PCR
reactions. U S. patent publi cat'B%C Ra 0067559 Al also relies on
nodi fied bases in primer DNA prrw—l‘g%n'gﬁﬁ% i cation and uses, for exanple,
dUTP for incorporation into the anplicon. The anplicon can then be
fragnented by addi ng, for exanple, Uracil-DNA d ycosylase (UDG and
Endonucl eaese VEnidas approaches have siemn repetted doagppiamPNAfUIBgi on has
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t her nost abeendgues fxanblcpagpdifiet tosimptoweanipliffiddtioT iersehoe e, the
pol ymerase will only extend the PCR BI‘I nmers once the exonucl ease unbl ocks
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pol ymerase only in anplificatron. adéssy et al. reported a nutant Taq

pol ymer asqHidiprotesabebalrbeid diycosyragedoos|imbeatiectisose P ORGpuiscly et al .
Nat ure Bi otechnol. 22(6):755-9 (2004)). It _has been reEorted t hat

convent i og@ntaimpng furest!itonpeyeii carianainatienpubaeqe@nt PGhe DNA is
substantial |y, .dama (D Ber.nar,do al . e - 30, el16:(2002)) .
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t he probl em of de%r aded DNA is al so faced by researchers 0 are anal yzing

the DNA ol then bediragreenrtied by tadiindefoegkpemiey Uradd-B/\hni sns.
Fronmenty, .. et, al. ~ ACH es. 2 . 00) and International
Publ i cati c‘%yﬁﬂsylﬁéeo(ﬁw?g;%ar}degs&ajtgéﬁjqﬂgéslggﬁg&g Se (Exo) Il inproved
yields of long PCR Fronenty 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 temrotasmramlgeicreaid.amplificafionBemabeenctisat .toNowler Aci ds Res.

30(4):el6 (2002) described the use of T4 DNA |igase (J4 |ligas and an E.
coi | pol yridisapeinmincapring PSReQne &yperef bet §tarrg|aéﬂ IFgAHER BN&RShet ween

cross-1inked i u - St = o1 r approach to
anplifi caﬁ_bﬁﬁ%% rggéragéa&omﬁbﬁéhﬁiéﬁ9@8@?‘?'&9&5%%3 Utegm@{ulg {lbgati on No.
2003- 0077%%%???%&@%&11%%% Beiyimepssdybesatizrilthe RORlegreded nucl eic
aci d having a sequence honol ogous to the degraded nucleic acid. Regions of
t he degr adseerfoc|@iamaté dSW2063t-Bdd K1i50)ed henprinnar isicinddochksd pyeaur sor s.
The fragnented strands were then covakentl y |.inked %57|0E|:g ‘?’

thermostable 3’-5" exonuclease that is active at > . Therefore,

the polymerase will only extend the PCR primers once the

exonuclease unblocks the 3’ end at >37°C. Alternatively the Taq

polymerase is blocked and then activated at amplification

temperatures.



pol ymeri zing and/or ligating enzyne. Preparations for inproving
anplification of danmaged DNA can be obtained commercially from Sigm, St.
Louis, MO and Qbi ogene, now MP Bionedicals, Irvine, CA Although the
conpositions of these preparations are not provided, it is assuned that Exo
1l is contained in the preparation. “Zrhe preparations are not reconmended
for DNA tenpl ates | ess than 500 base pa irs in |ength. Ot hers report
the use of a ddmiiesgtWomM oPrde. /dat/) ADRA. Bai.| USAIOT42P1§a3220 or
pre-anplification repair (Pusch, et al., Nucl. Aci g_s Res. 26:857 (1998)).
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i ncludes the steps of: (a) 1ncubating the polynucleotide in a reaction

m xt ure cidmgtrissioighalteddmas daanalged cof @lvagic sitdseEhddessynellad+ or ATP and
excluding Endo VI; (b) permtting anplifigation of the polynucleotide to
occur in Nﬁé‘lffaeﬁtqqe&ﬁnﬁi/-x{?%@lgﬁ%t'ﬁg(p%)si on of anplification reagents to
the reaction mxture during or after step (a); and (c) enhancing at | east
one of fidelity or yield of the anplification product in the presence of

step (a) conpareflas Hdeh Fdporabaanee @nvertil ampfification The above net hod
is not particularly tinme sensitive in respect to whether the incubation

occurs i ntehriqdes atiencerapromisedibthamiNAiigssbstaatially dabogesent s of the
t hod hili t . hi | i t | hili
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suited for a parti ar set of reaction condit For exanple, if the

anmpl i fi caéhonohﬂagﬁﬂhﬁdanmcmmﬁdnmmisnghtcheccbmuamammneusdepuﬂe)aset;hen it
may be desirable to enploy a thernophilic Iisg@?e to withstand tenperatures
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cof act or) coil "I gase) (using an

cof act or) researchefbevheate amalyizitigi tiee MEyAfobtalired ifnohufrezen, AP
endonucl ease such as Type Il endonucl ease, 17 Endonucl ease (Endo) | or

nut ant t hex&oict or eddemely ralie org@diS®S$. mi xture may alternatively or al so
i nclude a pol ynerase for exanple Tag pol ynerase, an E. coli pol ynerase, a
Ther nom crobi um sp. pol ynerase or an archa eal polynerase or nutant thereof

such as Pfu, V??%Hént\ygﬁ.i?gxedﬂ Widol, ﬁ@icﬁ’RéﬁDZBgiW?éS’@QZOOO) and n

enbodi ment s of ein enzynmes that may be additionally added to the
reagent miptarreticiediurieb ichtion NG, WY Odi StS5 G rgpostddatieat [ f apy] - DNA

gl ycosyl ase (Fpg), at |east one of WrA WrB, WrC r D, o,, UDG Aag,
Endo |11 &mr@rj@as&i(ﬁxoérﬁbmpé@m yAgldsraf M&R@Rﬁgﬁgﬂm{ Yt3/§8 of danmage

sustai ned rBEéoF-t%% Eglc?{é]éjscé (\)/feilgg'of amplicon for DNA< 500 bp. One of the
problems associated with the use of Exo III is that it degrades

template and primers.

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.



- 5- In an enbodi ment of the invention, a reaction m xture is used
cont ai ni ng about 1-100 units of endonucl ease, about 0.05-0.25 units of
pol ymerase and about 5-500 units of |igase optionally added to 1-1 000 ng

DNA. Types of damage that nmay affect a pol ynucl eotide include
apurinic/apy rinnidinic (AP) si t es, -nut ageni zed nucl eoti des, nodified
nucl eoti des, nicks, gaps and DNA- DNA or DNA-protein cross-1links. The
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range of 50 nucl.eot | t | eotides for PCR anplification.
In an e Hm%ﬁﬁ'ﬁgfé'?&éori lmﬁﬁg%&%ﬁgaml ification kit is provided that

i ncludes instructions for use and one or nore enzynes wherein at |east one
of the enzymes is a ligase, the one or -6- nore enzyme beingtfornulated
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pol ynucl eoti de conpared with anplification of the polynucleotide in the

absence afntaired dmibsi preparation. ekenprepaEdititneratN®ns of reagents in the
iti i ncl : Al d | t j f 1100 it
o "Endorisbaiiendsa, 650 piVA ERRaEe g R BlarfSBRL68S PSR enh o, Tl gase

contained for exanple in a reaction volunme of 10-100 pi. This fornul ation
may be applied to 1-1000 ng DNA for repairing the DNA. For | arger
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SUMMARY

In ah embodiment of the invention, a method is provided for
enhancing at least one of fidelity and yield of an amplification
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 excluding
Endo VI; (b) permitting amplification of the polynucleotide to occur
in 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).



Figure 1 shows enhanced anplicon yield from heat-damaged | anbda DNA after
prei ncubation with specified enzynes. Figure 1A shows DNA tenpl ate
damaged by heat to differing extents and the effect of this damage on
anplification of a 5 kb segnent of |anbda DNA where 5 ng, 2 ng and 1 ng of
heat-treated -7- |anbda DNA was amﬁﬁfied after prior danmage by 99C heat
treatment for O sec, 30 sec, 60 sec, 90 sec, 120 sec or 180 sec. The
damaged DNA was not subjected to enzyne treatnent prior to anplification.

The amount of anplification was determ ne fter el ectraphaoresis,and was
Sevdimesens BN SRRt
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coil En coil" Pol'l on anplification of a 5 kb segnment of |anbda
DNA.  DNAa$nbghilictamd dedsasotdexcitideedniaptiiigligases, miich H@lggﬂ‘ﬂaged DNA was

subjected to enzyne treatnment prior to anpljfication. .The _r s of
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heat - da using Taq ligase, Tth Endo |V and coli Poll. The
anplifi Céh‘imﬁidmmweeé@emmﬂaB&adld@dngutlﬂgﬁ@lm;umtm stefe yme treat ment

rior to anplification contained Thennus, ther hil. h) Endo IV in

BI ace of thF_enT?dbma‘Erh@od%'ﬂ’amﬁetQ @Eﬂﬁnpé’ %ihﬁﬁ’ﬂ(}lﬁﬁl&éwgﬁg;&)e)shovvn after a
10-m nute . .pretre e PRYY] ] iU d bfase, Tth
Endo |V Wﬁ&%@nﬁqﬁggﬁﬁ%e&g%q Qgﬁh?l' gﬁﬁjl\%@gdnrgr%éie %Eh_r ogghout but
was - espeghahpid 1938 aie Uugl ENAGgased THapligaschend A2NnfgRsNA_ Onl y
the first Tane contarns the size | adder. _ -8- darravcv]eﬂ I%(&S@A using E.
coi | |ig7se, lifase i mdredeffectivadvith a NADDafpelar Wiig | ation was
erformed according to Figure 1B . the.en r t I
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Figure 2 shows the effect of citrate treatnent of tenplate DNA on anplicon
yi el d. Figure 2A shows the results of anplification of a 5 kb segnent
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visual iz ermne the extent of anplification. The DNA was

not treatipdraof brami@sied Bihe yerstiphi mixtureamay & tesnativelyTey R | ane on
the right contains 1 pg of 2-1og |adder. @F)%&ure B slhows t he
i ncr ease inalydeladpolynaemsefameXamiie dd PahtasT fBgard’ess of which

pol ynnerase was used Ln the enzynge m xtu - i, nut i-4jr at e- danaged
| ambda Dmo%@eW%t%ﬁﬁfwfvﬁﬁ&%ﬁéyﬁ@%‘r@%& {6'15 aﬁwﬁ%ﬁé}?é c@(g%‘i on.
polymetase or mutant thereof such as Pfu, Vent®, Deep Vent®, 9°N

or GBD polymerase.

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 III and Endo V in
various combinations depending on the type of damage sustained

by the polynucleotide.



Lane 1: 1pg 2-1og | adder (NEB# N3200, New Engl and Bi ol abs, Inc., |psw ch,

MA). Lane 2: no pretreatnent. Lane 3: Pretreatnent with Tag |igase,
Tag DNA pot ynerase and E. coil Endo IV. Lane 4. Pretreatnent with Taqg
| i gase, E. coil Poll, and -9- E cog Endo IV. Lane 5: Pretreatnent

with Taq |igase, Taq:Vent(r) DNA pol yherase nmix, and E. coil Endo IV.
Figure 3 shows the results of anplification of a 200 bp segnent of krill
genonme that has been extracted from an ethanol stored sanple of krill and
pretreated with an enzyne m xture containing one of various polynerases, a
| i gase and anlARreedobodiees @ﬁme émvenides, anpRddtioamixbuie & dsedLane 1:

i 11 DNRODEERING gEroN dsd OOctig & @ik geass SR LRUHDI 356 Lane
pol yror al o of pBlypflergse i Taosby' dpRFprg 2 opra “ qand Vene (1

coli Endadd¥d &nd-d@00 Dyent (r) pol yner ase. Flgure 4 shows an
increase in yield of a 10 kb anplicon from heat -damaged DNA. 180 sec

heat - damaged DNA was pretreated with an enzyrre m xture and then anplified.

E?gfaé:s, 1| P\c qypﬁmk%%ﬁ%%e{hast' rzn%yszta p(gw%%#f:'fggggé mctudEngI and
apurinic/apy rimidinic (AP) sites, mutagenized nucleotides, modified
nucleotides, nicks, gaps and DNA-DNA or DNA-protein cross-links.

The damaged polynucleotide may be obtained from natural
sources, preserved biological material, forensic evidence, ancient

polynucleotides, a tissue biopsy or routine biological manipulation.

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.

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

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
provided that includes instructions for use and one or more

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



Lane 2: Pre-treatnment with Taq ligase, E. coil Endo IV, and E. coil Poll.
Lane 3: Pre-treatnent with Tag ligase and E. coli Endo |IV. Lane 4:

Pretreatment with Taq ligase. Lane 5: Control - untreated DNA
Figure 5 shows that l|igase pretreatnent increases anplicon yield from
environmental DNA (soil sanple extrat). 40- Lane 1: A 2-tog | adder

si ze standard (NEB* N3200, New Engl and Biolabs, Inc., Ipswich, MA). Lane 1:

No enzynmopeednaaheardinglfarendlat&d ot aeiaitmelmttomahhathnlifﬁccﬂsen Lane 3: No
enzyne pre-treatnent. Lane 4: Pretreatpent with Tag ase. Fi gure 6:
Genbank Béstwie ieeBhRNAg qm@diéﬁabowme@eqsr%mphéﬂﬁféfg'&m ofi the | i gase.

the ef  RERMIBUAN GEedie arEBied BPATGRRS | anblia DNA as o templ ate by
gel el ectrophoresis_
In another embodiment of the invention, a composition is

provided that contains 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 the absence of the composition. For example,
concentrations of reagents in the composition 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
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
glycosylase (Fpg), UvrA, UvrB, UvrC, UvrD, Cho, UDG, Aag, Endo
111 and Endo V in various combinations depending on the type of

damage sustained by the polynucleotide.

LIST OF FIGURES

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
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



A: Lanbda DNA is subjected to UV irradiation for up to 50 sec and a slight

reduction in yield of a 2 Kb anplicon produced is shown. B: Lanbda
DNA is subjected to W irradiation for up to 50 seconds and the reduction
inyield of a 5kb anmplicon is shown. C. The effect of various

reaction nixtures added to | anbda DNA on yield of a 5kb anplicon after W
irradiation is shown. Lanes 2-7 are controls in the absence of a reaction
m xt ure. lambels BNIBwaisoaniplfiddafteageribbdaniage by 29t@tieat addi ng |i gase,
pol ymerase and AP_endonucl ease plus 10 Units of T4 PDG,k Lanes 14-19 show

the i ncr seaatanghEan @isac ¢34 68¢/ 89 SfddiHY SELgd<d, S%pyrﬁaﬁ@s%e%nﬁhﬁp

endonucl i.ts. .0 : - | | adder size
st andar d%%ﬁ&%@%\gmg %@5/ @tﬁ%ﬁ%c%g@%%@%%@%ﬂé@%%@ Fi gure
9 shows thmaplingsting. I THRRSenbANT 6f BRGISIificIoATWas deeerpdheld sRRge of the
enzyne: DNA ratio to facilitate the renoval of heterodupl exes fromthe

anpl i fi caleédmopharesie asul asag fountte beesubstardidlty oéduocedeby s2Quences. Tag
| i gase and T7 Endo | were_added to ercoil ed in varyi hg_ amounts as
o oat ogecdieat aRat I, The fFstand et (Anasen JBs 981 Cs HEaR daiflo Tag

| i gase h e b i ! f : d. The su
pe?coi I egﬁfﬁ-k%ﬁ%g#%gnﬁﬁbagfdeg@%?E@P?a%%n@%ﬂgglﬁgﬁgsi zes with

12.5- 2571Hel tEhsefich/ Mo | . Figure 9b shows how the addition of 100
units of Tag ligase protects DNA from non-specific cleavage in the presence
of T7 Endo | such that even at 200 units of T7 Endo |, there is a clear

band i | . DNA L b foli )
Frgur o 10 sholdd¥ it Br1aeiSdncreassds aBisiia vdldbEnd BR Spl | con yi ei d
from o dyhuely dATRAE DMK UATBGE, ETBIRERdo 1y T aure 10A shous

that the a Ion of repair enzynes an undanmaged tenplate, pWB407 has no

ef fect off, awil Pblash WrapHfication of Fd ukle stdfneht\ws lahidd HeNaddiDNAN of Fpg
to a damaged tenplate, plasm d pWB407, incubated in the presence of

pvB407,
net hyl enaVas heat glarsagedcan siescdbed dnfiiguse ok Jaus| e dagnaggd PO of Tag
| i gase, E._col

L.DNA pol ynerase, and E.. cail .Endo IV in the presence or
absence dFaFsDitrdit EEEs b iPlondteramifipelion Phe
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.

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
of amplification are shown after a 10-minute pretreatment reaction
with Thermus aquaticus (Taq) ligase, Tth 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. Only the

first lane contains the size ladder.

Figure 1D shows increased amplicon yields from heat-



Figure 11 shows increased PCR reaction accuracy from danaged DNA after
treatnent with repair enzynes. Repair enzyne treatnent of undanaged

tenpl ate, plasm d pWB407, prior to PCR -12- has no significant effect on
reaction accuracy. Treatnment of a damaged tenplate, plasm d pWB407

i ncubated with net hyl ene bl ue, vvith"a:'pg alone or also with Taq |igase, E.
coli DNA polynerase |, and E. coli endonucl ease increases the accuracy of

PCR. ThedarasigdlaphbdaddNAcysing Eheolivigase, &. odli Endod\br@ed fetalks t he
nunber of blue colonies after cloning a | acZ-cont 81 ni ng a_r@[gj cQn as
di scusseBNfepoll. The amnghificatine was aaifaigeedfacaaraing 6P dniHe e RE great er

unknown BHEEBE v Seedihant pofhr ot ERGRE SenbifRd a2 ey 1"
DESCRI PT};6hke iy Iacézﬁ?‘?@'fdﬁggf%oﬁﬁé‘%Jbﬁﬂ%”bh@ﬂs@@fét&éé?c@@%ﬁoﬁ or

i nprovi ngat | east one o or fidelity for synthesis of damaged

pol ynucl ¢80i skeswa¥heserd psly hegipdatd.dd heyamtmsitsof semplate DNA
pol yner ase-dependent anplification, short anplicons that_are |ess than
about 500seddedndigatet@bpveascachdaneasiN@YigE)oleMRIY™ Al i cons that are

i 1 clte Basoq dsh sy B PR Gk, ART e By SR e o At ue primer

extensio réﬁ@g{ﬂn@pi such as anplification (for exanple PCR RT-PCR, and
QPCR), genone anplification, rolling Crcle anplification (RCA) and
hel i casedependent anplification- (FDA), arid DNA sequenci ng reactions.

Enbodi nents of th hods' h ide utility i | ar_hiol h
and. i n' S0l vi nGIGHHBH SOV LABSTEEN O Ghiat, eemBRADI e MRSy ansi ca. 1

bi ol ogi c rch i Mb@ich it is desira ble to anal yze DNA from anci ent
sour ces, a‘%&oﬁagglﬁg%dmﬂ@g‘ it is desirable to analyze DNA from

envi ronnent al sanples such as required for the Barcode of Life Project, for
di agnostic assays including tissue 13- biopsies to determ ne a disease

suscepti bi | i t Figures2 Atahows dhedestitiseafuaapl ficatisgy of @stde brse@n@te and
Ext ent of Danage st.al,ned_by | ynuclegt.i.de lecules is
common e%ﬁg%%e%g%whg@ %mgaéﬁge@aéln%hy%gﬁ)aGemi §%$ severe in
preserve 'ﬁsflf i ci y®n r I Ol timat, A xposed to
t he envi %(')’W;rent ?ﬁﬁa%‘%’gggégsﬁoic%régg %@Qerﬁu gf ﬁstoﬁﬁéégemoq@taﬁlgsarrpl e or
i ts | engiy of back tldaretr@atel saphplanairecmplifieadaind itbie, relsattilegcan occur
during the application of a methodol ogy for pol ynucl eotide synthesis such
as occur praductsyweor 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

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
was treated with various enzymes prior to amplification.

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

Lane 2. no pretreatment.

Lane 3: Pretreatment with Tag ligase, Tag DNA polymerase
and E. coli Endo 1V.

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



anplification, which involves a high tenperature step. Pol ynucl eot i des
can sustain damage in a variety of ways. Various types of damage incl ude:
(a) apurinic or apyrimdinic danage caused for exanple by heat, storage of
pol ynucl eoti des in ethanol, and exposure to factors in the environment such
as 1-120, pH etc; (b) nodification & individual nucleotides, caused for
exanpl e by deam nation, alkylation, oxidation and dinerization; (c) nicks
and gapsEceol EtdioorvV.exanpl e by heat, storage of pol ynucl eotide in ethanol
and exposure to factors in the environnent such as H2 WP&H etc; (d)

cross- | i nki nd-aruSeéPresreatveen withvyagdigeselefgqrd/ eahvilPdinent al factors,

and et hanol storage;. and (g) _m t ched DNA caused by for exanple

m si ncor%%lyg??r(ﬂ‘f’eom'ﬁ' ﬁUEjI éofqlﬂg% g(;'pol yrner ase. D fferent

pol ynucl eoti de preparations will experience different types of damage
resulting from for exanple, storage or handling of the pol ynucl eotide
preparation iFi?\A'ré Ppshend thayratependf amplificatiokarfat200dep| s, archaea or
eukaryotic cells containing the -14- polynucleotides are stored and the
char act ese@miess afikrithgeswme thabhasnbeantddraeieghicdBoangethana@xt r act ed.

Definitigns The term,” nycl eotide” r S - | e- st randed
DA, | douteEeg: SAmBle SRRt AR kA L AN 2yl PGB g DA and
single-s %;RBHe i \ i H pcryophilic,
mesophi I(lg(g@%?ﬁ?‘ er rmp(ﬂci Y?rémg% gﬁgﬁtﬁgségégﬂgﬁsﬁ?@? Fﬁ 'tqhe process of
repai r oéndopotigasel thatti erthaaes axplifiatien yégldsr enzyne may i nduce

breakage of the pal ynucl eotide at a bond, thereby facilitating renoval of
damaged regi o@N@fl:t O EB@V@QW@@MCHP.”&@W%E‘Q’W i ERZY"GRt hetic rol e such

as |ligases an . : =Ty . repair

enzynes are dg%@gi%gﬁgeﬁﬁgmég%?tﬁﬁ?@%W'gﬁaﬁg{gafsgﬂ %’xg%?lﬁe, see Wod,

R D., et mido Wt ahd Reg pdtyiictade: 275-83 (2005) and Eisen, J. A and

Hanawal t, P.C. Mitat. Res. 435(3):171- 213 (1999). A list of human repair

enzynmes is prbaneél PretTestraent oAlkrHbihA withdexttigase,ih. Talle 1, the hono

|l ogs of the listed enz s and other functionally related enzynes are

i ncl udedé1 QHXI@@HQ?%%P@Y%B%W enzynes. Any of the above enzymes nay

be naturally peauryi per £GARRL BRKHIPDISX AL T4y | AiNsdf £1 bgjenzymes may be
ed chinera wth severa t

a native or in vitro-crea W IVities. In addition
to the ergydeIvdeses 5bed ‘[edzpw@nt‘Ptp@]ynk@m‘e_to a person of ordinary skill
in the art how to search the databases to identify other related enzynes
that share conserved sequence notifs and have simlar enzynme activity. For

dat abase. 1T, Fiaaire S BHOVSK afiy e eqsr naaiaishet & &8 38 ARBUCPE TH™S 'no 1 og s
of Endo hgatjq‘la@SB%@”BR!AW%@gggq{%f—ﬂ%‘{ﬁgéﬂ-DI(IA" s BPefidteg 6 for

| i gases). ol ynucl'e cl'eavage enzyne" used in enzynme m xtures

for repawithandenaged PiRture endlthen amplifpgd.r enzymes and includes AP
endonucl eases, glycosyl ases and | yases responsi ble for base exci sion

repair. haderbgédi@p e 2dagladdarsias spndapa(NyERIENBREEL enzyme

whi ch hydrol yses a lyc | |c bond ween the deoxyribose sugar noiety

and the g@éf@%nargﬁﬁslgﬁhhi@"?’%tlﬁ *is an apurinic or apyrimdinic

site (AP site . r’pﬁ%_ 3 0 i&sse Thi &gABNE® AZhbBARYEM, by an

endonucl ease, ]'\%hlgi% nic g@@%ﬂg‘g’ﬁﬂ%%?p‘gﬁe’bacébone adj acent to the AP

site. Theofitkslic sugar is renoved and a new nucleotide is inserted by

pol ynerase/ | i ggse activity. Sonme enzynes having applicability herein have

gl ycosyl ase ahanam endi@rticgasmentanithyifey ligasmandolfece®/é, These repair

enzynes a eg{_}g{\md in prokaryotic and eucaryotic cells. Abasic sites can be
(o

recogni ze | eaved by AP endonucl eases and/or AP |yases. Class Il AP
endonucl eases |glgaye Wet@a%%ﬁgv&iﬂ’nlﬁa&%ﬂ as@. OH that can be used in
pol ynucl eoti de pol ynmerization. Further rg, AP endon ucl eases can renove

noi eti es attadlaeed 5o CoatPl -Grhiirkated ibNBI.t pol ynucl eoti de pol yneri zati on.
For exanple a 3' phosphate can be converted to a 3 OH by E. coli Endo IV.
AP endonucl eases can work in conjunction with glycosyl ases.

Figure 5 shows that ligase pretreatment increases amplicon

yield from environmental DNA (soil sample extract).



Exanpl es of glycosyl ase specificities include Uracil, Hypoxanthine,
3-net hyl adeni ne (3-nmAde), Formam dopyri m di ne and Hydroxynet hyluracil. The
presence of Uracil in DNA occurs due to mi s-incorpo ration or deam nation
of -16- cytosine by bisulfate, nitrous acids, or sponta neous

deanni nati on. Hypoxant hi ne occurs dli¢- t o deani nation of a denine by nitrous
aci ds or spontaneous deam nation. 3-mAde is a product of alkylating agents.

E. coil has tywpe31mide. Wr@%%@éh@éraqdﬁmﬁdem New

For mam dopyri m dine (FAPY) (7 -nfaua) is the nost common product of

net hyl at EmglaageBicdaibs, DN, Ipawiah,rMAjat i on produces 4. 6-di ami no-5- FAPY, An
E. coil glycosyl ase t hat airs this lesion is Fpg endonucl ease.

Hydr oxymet hy d@dng L :iNo ﬂ"g‘d%? tieghs™g radi ati on or oxidative damage to

t hym di ne. Ly ond in a pol ynucl eoti de.

Exanpl es of A@%ﬁeﬁ% nuc E@%@ﬁ&f‘gﬁﬁﬁﬁﬁeﬁsm (I') cleaves 3" -->
3'-CH + 51-1)| gnand N]l@se |p@§qdegtmﬁyl ase activity. (rn)
cleaves 5 --> 3'-OH + 5 IEZig (L1r) cleaves 3' --> 3'-P + 5 -CH

(1V) cl eaves 15ne 4> Pretreatmaniowith Tag 18gase.al enzynes have been i sol at ed
t hat appear to have AP endonucl ease or |yase and gl ycosyl ase activities
that are coordinated in a concerted manner (i.e., wthout causing AP site

formation) org g@gg%it Allank S%arch : one O?powﬁ%ngﬁ]g—cgég@@n%beavage

enlymes for us€’in enhancing I"eas yi el elity in an

anplifi cabmova@thomm@talsgde 1) AP endonucl eases, such as E. coli Endo
IV, Tth Endo |V, and human AP endonucl ease; 2) gl ycosyl ases, such as UDG
E. coil Al kA and human Aag; and 3) gl ycosyl ase/lyases, such as E. coli Endo

', B coli I—Eaﬂ(?e\é: BNA LhuERE8 of i ERdo Rl {sERY 1D Nd:11).

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

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.

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 efffect of adding
ligase, polymerase and AP endonuclease plus 10 Units of T4 PDG.

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).

Figure 9 shows that adding ligase to T7 Endo I expands the
useful range of the enzyme:DNA ratio to facilitate the removal of



human OGGL, T4 pyrim dine dinmer glycosylase (T4 pdg) and human AP

endonucl ease. Endo VI (also ternmed Exo I11) is capable of degrading a
substantial portion of a polynucl eotide outside the damaged regions in a
pol ynucl eoti de under normal reaction conditions in a few hours and is not

i ncluded in enzyne nmixtures for tredfing damaged pol ynucl eoti des. A
"pol ynerase" as used in enzyne m xtures herein refers to an enzyne that

cont ai nshetdrpaepleee fitordi the. arhiptificap@n nartuanpd iyt ogneotysethges can be
the sane or different. Exanpl es of poLynerases i ncl ude therm ostable

bact er i aTaWW@f@@§WC§§MT5qqd&@5fﬁﬁ§§| Afdndgy I:ﬁé/ﬁrepiﬂk%%rté?ses such
Vent \Vent t Bst
ol yner sawperztieg) BN I VAR Aol s ol Tedt for B Rieng = ™

t her nom cr obi um t her nophi | us, phage pol ynerases such as phi 29 poI yImer ase,
T7 polynmerase and T4 pol ynerase etc., or nutants, derivatives or

modi f i cat i onsFigheeeda isrth&xanptat dnokhitdr noafay égasedch adeb@ensdaed enzyne
(Fi nnzyrnes, Espoo, Finland) and other olynerases t hat conblne a doubl e

strand bbuaﬂm@eaﬁm@amwm% eblNynended @r@qu&ﬂée‘sf hergaPereoted deléy al

oters 15 Bredp R e BE 3ciinfy oLV At AT s "o

pol ynucl ggtiisies b9 & Bnded of another single strand of a pol ynucleotide.
Such ligases are found in substantially all eukaryotic cells as well as

prokaryotic cells, viruses and archaea Any of these |igases can be used_ in
ropal [ s desgrl Seb bt nGcR. SheBlob TS L PRI AR, o
(NP'4169§g3>tje)cts BI{I‘% f) ‘hﬁ@ %av:l:régfn(’cb' Pe%%ﬁ?: Tl G4

I e-li

(NM 0023 gdases or proteins that may have

utility pedel Nsace théV%&leﬁdathO@ @@Tﬁb%ﬂq$ﬁfdﬁ11 Utheng= T4 d cirfe or E. col i
| i gase to search the database (see Figure 6) in Wwhi ch any enzyne sharing at

| east 6 bandicuoespaniling kelineaniBNAt mek presevinin thasiséagesd i ncl uded in
a repair m xture according to enbodi nents of the invention. Contrary
to a publiP8R&d use of ligase in conbination with Exo Il in the absence of
any cofacto rs (U. S. Publication No. 2005- 0026147), it has been found here
that NAD+ or ATP is required in enzyme m xtures that include |igase. Mre

speci fical |y, Fitagrel 1 gatpvanth& effadti of rgpsie onegue erdlddmaent be T4 i gase
and 9N | i gase require ATP. Exenplified |igases, polynerases and

endonucl ém@bCan yielddiroabbyidatbel NelamageshBNA or asxd BRdadeder e pages

107- 117 g qe 2005- 2006 catal og are incorporated by reference (pp. 102-108
for |igas® ¥§-S. Provi si onal Application No. 60/717,296 and International
Publ i cati on No WO 2005/ 052124. I n addition, thernost abI e repair enzymes
can be used interchangeably w th thernol abi le repair enzynes in a

preanplifi cat Figurd X0Arshowdehapshald ddieiory ok sepaie earvkiymeeatoahove 40C or
nore particularly 65C or above. Enbodi ments of present nethods

i nprove umglagnagaddemplaée; pyBAOBrivar sroselfesuphi s ol ied paelchuct eot i de
anplification or other synthesis reaction. This can be achieved, for
exanpl e, when 19- a danaged polynucleotide is treated with a preparation

of enzyme(s) iHydreiBE HeRSLhAR tAXAddRIHEf Ppgdity BndatfBbeti cati on.
template, plasmid pWB407, incubated in the presence of methylene
blue, gives inconsistent effects on yield. The addition of Taq ligase,
E. coli DNA polymerase, and E. coli Endo IV in the presence or

absence of Fpg increases amplicon yield consistently.

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

treatment of undamaged template, plasmid pwB407, prior to PCR



Anplification protocols that may benefit fromthe above descri bed
pre-incubation include pol ynerase chain reaction (PCR), Strand-D spl acenent
Anplifcation (SDA) (U.S. Patent Nos. 5,455,166 and 5,470,723); HDA (U .S
Publ i cati on No, 20040058378-Al); Transcription-Mediated Anplification (TMA)
(Guatelli et al., Proc. Natl. Acad.-18c!. USA 87 :1874-1878 (1990)); Rolling
Circle Anmplification (RCA) which generates nulti pI e copies of a sequence

for the lhae nonsignificdmoeét enpldalctiont &ocuradypt Ededtmorantnoavo rol |i ng
circle DNA replication (see, for exanple, Fire and Xu, Proc. Natl. Acad

Sci . USAd@ma%‘Ajltelma‘(engE?mldtﬂWBét07atnc®atﬁﬁhthﬁ‘efﬂi‘e@@éen§18 1587- 1594

1996 d I 19; 225- I
(()nne ;mPﬁuﬁééﬂFPﬁﬁ%ﬁgr afso WG%;‘\ ?gﬁd ﬁ%&@%i@?ﬁ%&@geﬁ ?gﬂnd
to be usgfafhd e c%/réﬁebhgeaéasétl%eeéégs FR@ActlIPScy BageR, Pehrnucl eot i des

prior to'or during anplification regardliess of the type of damage to the

pol ynucl emastiee ofhecauneoyrie thepaimb ataofpbdteDb@loniehanersemtiang furt her
damage. The uni versal enzyme nmi xture contains. a Il%ase and a cof act or
such as NAmWbe&sofalplue tﬁéorne&tajw ¢paing avlagZagantalBiel §MBIKABS a

Clch as. dernasdbeRe HRRaFeRR R e riade Ui, e Tag LA Dva

poI yneraﬁﬁegyéf—ftﬁ@ éridfdiz@eBi 0 Inc., Shiga, Japan) or any other standard Tag
buf fer n various enbodi nents, the uni versal enzyne m xture contains E.

coil Poll or Taq pol ymer ase and an AP endonucl ease such as a rresophi lic
Endo 1V, e. coil Endo IV or a ther o hilij Tt h Endo
IV -20- and %ﬂglulrﬁa%% shovzadtpw rdiggEa Mo 1Y rﬁ?&‘&@egl\% Wl‘tirbase or an

ar chaeal e | dngﬂ% t he enzyne
m xture clc}‘ﬁ |ns %ﬁtﬁ)@é :YP?%E%OE}Y !%5%(8@5{5&% @I?I?E?%Hc [ ldF’oll and
5-500 units of a ligase suitable for repairing 1-1000 ng DNA prior to or
during anplification. It will be understood that the concentration range
for endonucl eases and pol yner aDESGREPTEMNN t hose specified in the

uni versal m xture above may vary with the enzynme used and the tenperature
of the reaction. However, the concentration range can be readily

ascertained u i i (SEN T Rg e, a
standard pr epgr |%ﬁg%ﬁ§8ﬁ§1dg%h§§ﬁ db&(ﬁr&f treatdlégi fé’fgf&“r‘ﬁi ng Po Exanpl e
1. The Dbli\|et dherofbgietdior fieletidytfor aysrehiesis of danvagedm xt ures contai ni ng
| i gase and cofactors. An additional enzyne is titrated to determne a

preferr eaobd‘ntﬁéﬁ@‘fldleisoNVh@Fe pabvtnteqd@wdasvnuh@sm jgads.ton this way, DNA

b Af t f t f h t.h t of
{he- anpl PPIETCEREE CEP GGl SATTEatoy Ge1o e SBPRERHS: BeRS SreJESF fng  he
P ! eth&0RBAl 600U BN (4 SR8t S02UT) or londle U Ver s

enzyme mx ure can be used prio cleotide anplification

or ot her agyplidtesy shat are grederdgimnS00abades oride nixelnpdsabaldpe00i ng on
the type of damage, it may be desirable to suppl enment the universal enzyne

mi xture Wbtmaa(dlaetampaﬁede(zfar P%am&ﬂ@@tp@m ffhew tyieeaafure of the DNA
d t i ndivi dug

enzynes PovHeiaabiensvalicsld it Hie SRtEod rel e b AF e and i n
the Figupes ly@caﬂc%@r(%;n%xhw;é IRER ! REL Fctpy drd GReR) I idgh@mear ticul ar

pol ynucl eot Repai r of geheral of spec f| c ‘damage to

pol ynucl eatpitfecation, GellieratircdermgelificationDEREANiaTidhhetlieaseat ure of danage
in a polynucleotide is time-consuning, |f sone formof damage to a

pol Iy_n]th_(:I depensland W@@EF‘@“ &%@Aéx@rﬂﬂ PNA IS@%‘@I"?EHEQ:I ERAGHHRNS s polorl y
Fo't hese EnbeaiBeBiE ol tRE el '3 ds D Rt BT He SR s88ictieq anove
my be ukbsegieth hAAIR SOMTE pOBILAS ih E NSS! bRoTRlgY | IFH éQBnﬂéleobha' ned. If

the inprovement is suf using t I versal xture then no further

action i Sorawics eith bidlogital iamphevkemanin whiobtit &itibsiraele, t@ddialypaal
enzymes can be added to the m xture as described herein until the preferred
result i PN @ﬂbancm SQHNCes, ﬁ@%ﬁ@xmgnb’ewé}ﬁfﬁe'\?é@ dasiasiadPe reaction

211 or SN PN 1% B TRn AR Ry SIS St e RRREliRd (Pt EhE s

sel ect ed HetcaddrASEifER0iEATEr AagioRge aaublb 1REIRRhMissue  The protocol

for selecting enzynes f répal r general danmage or “unknown damage of DNA
is provided in Figure 12 (flow chart) and in the assays described in the
Exanpl es. (b) Specific damage In sone circunstances, the nature of

t he danage to a pol ynucl eoti de m ght be known. In these circunstances, a
m xture of enzynmes can be sel ected without undertaking the anal ysis of
Fi gure 12.



-22- (i) AP sites The | oss of a base is the npst comon spont aneous
form of DNA danage. Pol ynerases and pol ynerase-based techni ques are
adversely affected by the presence of these abasic sites. The effectiveness
of primer extension reactions is enhanced by repairing any abasic sites
found in a polynucleotide. This is-E:hieved in one enbodi nrent by Endo IV
activity that cleaves the phosphate backbone at the abasic site. This

| eaves @r e g@@t top! aved abasic
site. | ??%ﬁ%gﬁgzaﬁetgrﬁlagéxgﬁébﬁe- ' %%tggﬁgt%ﬁ(sgé%% Bgr?cﬁ(ﬁe DNA fragnent
3 to thenecleecalrtbiaegy ¢esediech.A pol ymerase can extend fromthe free 3' OH
repl aci ng the cl eaved abasic site with a correct nucl eotide. The dR5P may
be renoved by an enzyne that specifically targets dR5Ps by a flap
endonuclease act'Ei r ng._in certain polynmerases such as E. coil DNA
poIynerégﬁﬂﬁgéﬁﬁg—égégggﬁggghgggendonucIease such as FENI. The renoval of
dR5P can al so occur by cl eavage downstream of this group by the flap
endonucl ease activity. After renoval of the dR5P and the generation of a 5
phosphat e adjDEraagetsudthine?! b@Holynudestide amadeallashiscaimgkohi ni shing t he

repair (see Exanples 1-3 and 7) (ii) WMbdified nucleotides (a) Thym dine
di ners €venin memabamow#&b@tmﬁ@s Iﬁ}th%tﬂfbiqq?ﬁ'rﬁg@ MRS ﬁe’ﬁfe pyri m di ne

ool yrror A0k EGRE S RS IRE AR o AR e o BN R ebRRES B Gate YEzr oY on
I(V\é! i ng 5 éa_osétd @ theph@ighriehds DRegage4a®) otel®-a9 a( A&Na) of thensequent | y

it is desirable to repair Ey(i mdine primers prior to _or during
anpl i fi cga ofithdlsasnplenobésdehigéheitshyourdei g its pyepairatios. dn ner

I I /.1 Vande B . al. J. Bigl. Ch 273(32) 520276- 20284
P 550r ) RBThb: Bardaae Sachisle e oprdlca Ot Rr RERRAaBRAIC. 071
e T Do QU BB RO PRES SR o BEER auTRRG CRNA 13 ext andan € oY

a DNA po ncertail n enbodl ment's,  extensi at the 3' hydroxyl and

subsequegthpfificaBdh OwiAeH iheved QW?ﬂetehﬁpéha_tlhﬁéis@Gpcpnt aining flap
generated during DNA extension results in a nick that is seal ed by an
enzyne capabl e of sealing the nick. C eavage of the flap can be achieved by

th t endi I f | E. l. i | I by th ti

of a flap endSVRNEESEAEsRN SUSRIN dpMiage iNGF VAR S8 1957) - 20045- 20055
2000), Ll I . B TACH i@gP4)). (b

g)(i da%i V\Zé‘g%‘r’%éﬁpgg of damﬁg%ﬁn&ﬁ@"gg?ﬁg%agg‘?'Ef?ﬁ%%}}@ﬁ‘ﬁﬁ’ﬁ@t %123 p§ oZ:Iuct s of

DNA anpl ddmegkl ciugerh€si eramisedmns headt, stolesge esf pobirastiedtidiesdar por at i on
opposite a damaged base (G lbert, et al. Am 3. Hum Gen. 72:48-61 (2003);
Hof r ei t eethenodl andiiposatieds fagtoredndhexmvirsoonent stk asitdecur aci es can

Cnes.  THAEkGr Ab) 60dfeR it o S RAdYA B R ERe s SRR RTe By conpar | ng
Seq“e”Cee%@h%%&%@aﬁﬂﬁ?ﬁ{)hg%élgﬂggio%,téﬁéh aMd gl @RRyew; sgpha as

UbG, which'r ves one o n types of nutagenic DNA | esions

( Hof r ei t gicks eindAapblugd useficfatsekampie: By B2ag, (200aye. ofHowever, treat ment
with UDG creates an abasic site within the DNA that inhibits DNA
anpl i fi cRelyouclgotide iretbanehsana expasyirertoafastiso) A€ for rare DNA

sampl es Lt e BYSs 1916 2pHPEYC ! PafiRid L FAkhg cBYs ol F eat ment .
example, by formaldehyde, environmental factors, and ethanol
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
the polynucleotide preparation in vitro, and may depend on how

prokaryotic cells, archaea or eukaryotic cells containing the



- 24- Modi fied nucleotides that are the product of oxidative damage
can be renoved fromthe pol ynucl eotide by Fpg or hOGG to | eave a bl ocked
pol ynucl eoti de where the bl ocked pol ynucl eotide is repairable by an AP
endonucl ease such as Endo I V. The effectiveness of enzyme pretreatnent
to repair oxidative damage to a pol yifucl eotide prior to anplification is
illustrated in Exanple 9 where the universal enzyne m xture is suppl enented
wi t h Fpgolpnubkedgtides reulabrem amdkthe €haracteriStiasrofitdté tebs frowel eot i des
such as al kyl ated bases or deam nated bases where cytosine is converted to
ur aci | \Mjmlé%l Hee twlyadelgotisicols adeigiciedt o hypoxant hine give rise to

m scodi ng . Renoval of these nodified nucleotides is desirable. These
nodi fi ed bases can be renoved by any of Al kA, UDG or Aag as described in
Exampl epl&rinitfsiyd ng an AP site. This AP site can then be repaired by a
reaction mxture containing a ligase and preferably also an AP endonucl ease
and a pol ynerase. Renoval of a uracil enables a polynerase in an
anplification reaction that would normally be stopped at this site to

conti nue anplTHeitegrt Heolihdclebbideéx@ipieto Yeokfle)stpahgedrd¥A, activity is

i nhibited by an incorrect uraci | inserted into the DNA. The ability to
remove diauhlesstirandedrRNA, hylerig DNAZRNAeduplelasinglenatreadedi®dé i veness.
(iii) Nicks and gaps Ni cks and gaps in the DNA backbone can lead to

t r uncat atchsingde-séxarded BNAr oduct s and inhibit anplification reactions.
The concerted action of a |ligase and a polynerase in the universal -25-
enzynme mxture repairs nicks and gaps in the DNA thus enhanci ng DNA

lificati , ti. oo (1 - |1 nk - iti | eotid
2>r<nc)i Isi Ioﬁar 'eg”. :%%ﬁétﬂg’@ﬁ%@@’%@%ﬁﬁ?ﬁ@ gﬁ%ﬁ’h”'ﬁl?@%@rﬁpﬂﬁ{j © 2:038801 3809
2005) ; i { -t Y i " 0 ; e’é@n , Rev.
(Bi ochzamtlg?zlg?gﬁnI(Rilsg%ﬁfé;gﬁ]&bgagtggﬁk?%qﬁﬁgéuﬁ?sgéggﬁfernzyrlrﬁ@ﬁiaﬁmre '?\(;
repai r partygeldestidel forfexampiegos repadf eppyyradhayt indbsca bréakageédehyde

and bul ky adducts as well as dama%e hhat r?su_lts in chem cal |l y-nodi fi ed
bases t Rdt thehalpaciaaids at & Bend, threebufacddatinghgemod! @bl i Lvr A,

Wvr B, t I r s P 4. Acad. Sci
X B M A8l Baalit Cor e Bnfefe e ERA ribs Ainn RypedRt Aoad,
opt i ona!rb{etshftr{ﬂ'asel'rg?ia@é@aﬁa polAnBabsShFealdStraigair abpyiméde properties
and purification protocols of these enzynmes can be obtained from (Zou, Y.,
et S. Biochem stry 43:4196-4205 (2004)). The repair process can be

conpl eted by nmeans of _a DNA pol ynerase,, a DNA Jigase and optionally a flap
endonucl ease. DNA reppl’ gaaemas; ake @ﬁsér'?edh'y'dﬁ?%?ﬁc‘ﬁf‘%z‘%“%rﬁg%‘?ron site

end on 0% Sk Se TR S st R R R S SR T 8 e i1 < he
NER enzymafes) i epsen he ADMNRPARLEItE P3C, phogahares. ABisE39oLy d-not be
ext endabl e by” known DNA pol ynerases unl ess the 3' phosphate was renoved by
for exa®ls,(I098dn Aigb of iuman 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 abowve enzymes may be

naturally occurring, recombinant or synthetic. Any of the enzymes

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

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



I f the NER enzynme or enzynes cleaves 5 and 3' to the DNA |l esion then the
damage is renoved when the newly rel eased ol i gonucl eoti de di ssociates from

the DNA. A polynerase can sinply -26- fill in the excised region of DNA
| eaving a nick which ligase then seals to conplete the repair. In certain
cases the polynmerase may fill in thel™NA and then proceeds to displace the

remai ni ng DNA strand. In these circunstances, an enzyne wth fl apase

activity exarmples thendatabbeehie daarrhddtfoath anholgageot @mdeeR, 74n cases in
whi ch the NER enzynme or enzynes only cleaves 5 to the damage, the

pol yner aSeqpesceraptohes spe aceeverred otAlgpnaecedNguser@aifear igeFes)t i s past

t he damage at which point a flapase cleaves the DNA flap to create a

| i gat abl e nick. The flapase may be active before and after the DNA | esion

i s reached. Pne# I EW% |, pRap WY& I to
eventual ly di épl‘gt?:lglﬂg)r{flc?drtgr%gfeg th %%Iﬁz?gg?on I ea\ﬁ? %{jﬁ]égrg?gg?%gni ck,
thus repdor regairireg Ddmdged IR isAncresargfl eephint azghiestndeness of the
above approach is provided in Exanple 7. (v) M smatched pol ynudeoti des

Het er odupNEXABRIAR ndenuslensss, cfycasylases: e BaplyasesrERPamsible fsnogeneous
tenpl ate P lowel | . J. L. & Klein, D. A Biotechniques 28: 676-681

(2000) ; ﬂ?ggpé&ﬂ?loﬂ FePairet al . Nucl. Acids Res. 30(9):2083-2088 (2002):
Smith, J. & Modrich, P. Proc. Natl. Acad. Sc!. USA 94:6847-6850 (1997)). T7
Endo | or nutant thereof can be used together with a |igase to renove

m smat ch regi dndantdyed bppecanh beorsmouvedr byua TENAughtdosytasen of DNA and
avoids the extra steps after the PCR reaction required by Lowell, et al.

Bi ot echniSM¥YEN© avigiz -%@%mﬁn NnalyspsyHc Rend Depwgen tRg 1 Acad. Sc!. USA

exanpl o SEOREIHIEE 63 FEAEY el cheBatRs Tnd BERBYERN R | Bk Tat o can
be expanggdchiyniis @it @blginic %M@#ﬁ@i@@%iﬁé oAt @i_tgfy] [t'hgit #RuBPhespecific

cl eavage in the heterodupl ex cleavage reaction. scussi on of the
Exanpl es carncedtlyfitled. This caBxaengchiavenbyFriagueadorsimeasdawhdeipl i con yi el ds

Dot onpin S B ST s 316, BAARaCES AR L RRR b S e (e g
bout 90 Ej 14) : f this d
abou GROYRGBPHE (RRAIIPADY 4985 FAESLHY i< ThSefhiqey of this damge

on anplificationcan bé rever con yie nhanced by incubating

the DNA wdlyirreraisyf lid@seob cevitySoraef @ig/reigd hbveagi sppliceslity gures 1B, 1C
and 1D). In addition, anplicon yields of "undanaged" DNA can be enha nced
by addi ndiare@ baxgnelyeosylase ded AR eadonucleaseaaplivity ishone that the

ffect of t 1 Xt ur, lificati .of [ t dent
Single t ypelsHas B ot o Es Gsd oA INrRresBIoADEl cases or | -
oy most S5 TRHCERS: ARG S e YRR B EREEcles YT £ 46 1 v

and E. caifddriggegseaandgoridfeptdses. Glash g It ARramddabCRakeg tleaase.
Exanple 2 and Figure 2 show the negative effect on anplification yields of

anot her taiphP sitepN® travgge 3’ QHpthathean be, ussidch ipolyndoalesdiden t he presence
of heat and citrate. l\/g:re ver t he %a% shows that the effect of a

m xt ure GONSMETRALIRN FSERETDRr o AFED q%eﬂ%%smﬁ@mveon a single
type of Wﬁg?@fgsaéﬁta@?\te]d;ﬂ)t @égﬁMg{#qﬁﬁiéﬁﬁgwdéEBﬁ | ternative sources

can be use or exanp can stituted by Taq DNA

polhyner Sqmlwlmdaimmggr FofedXanpoad Sephosp HAE pahybercaserrted poaluce
enhanced yields. -28-
‘ "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),
Formamidopyrimidine and Hydroxymethyluracil. The presence of

Uracil in DNA occurs due to mis-incorporation or deamination of



Exanmpl e 3 and Figure 3 show that the enhancenent of anplification yields
can be observed with short (200 bp) fragnents. In fact, enhancenent of
anplification yields are observed for a wi de range of sizes of DNA
tenplates fromas short as 100 bases to as long as 100 kb and it is

bel i eved that anplification yields f DNA even Iar ger than 100 kb can be
achi eved. The upper limt of size is |[imted only by the polynerase in the
anpl i fi caytasingiby bixuilfate, nitrbuglacds, el sposbawedunteareimatioen t he DNA has
been damabg/ed t hrough storage in a crude form (for exanple, within the cells

L ] . , npl €
of an or fMROANthie RECUS depftopdeaminatien)of amanipedaY indkopsedaiglsar e

significant] .addig i f. xt prior to
2l 11 o ar i ARG e s BB s B Ee R e oa
prior toagﬁﬂtﬁ:f Eceblitfas Bv8iItmhAleYdIgt8splkedanan Bafd TAEIL.t he

tenpl ate is incubated with the m xture of enzynes that are thernostable
equi val effosmdamidwpaivplidifiec@ARN) 07 -duGlag is threermaogt codimogaoinon st ep.

Exanpl e 4 and Fi ?ure 4 show t hat Ii19a e alone can enhance anplicon yield,
but addi RGOAHCAPT EREEHIRYBE ISR PV GrRaThedadi denPYSIGSS er ved | n

this exappkey: arl e : @’%rj% Pglﬁ rase were
used pri g}r?ét%l\égﬁpq Pi ﬁ%ﬁ‘oﬁnﬁuﬁ%yﬂg@égﬁﬁg%xa 5 e}%%‘s rgﬁtlgs t hat
repai r i ¥pgoén@biusicagedepritefyimetfiiuriipEtiatedribyalorigiig ts were

obt ai ned v?/i@;)h_S kb and 10 kb agnplmns. o Exarrplyg1 5 and Figure 5 show
t hat an ¢ad@tieyoyiaidativedampyeficthymidiogn be achi eved using a |igase
and that this effect can be achieved without limtation to a single source
of ligase. Figure 5 shows that Taqg |ligase and T4 |igase are both effective
i n enhanci ng LEI ' Vi e ' u@@gﬂ'é)nnal enzynes
ina -29- prg:?lg%%%btgt@?léﬁiﬁr% Qﬁb%ﬁé&f&sﬁ%ﬁpoﬁg grl]\égobllgﬁe)*"?eve ttdo occur if the
| igase is added to the anplification mx (if thernostable). Figure 5 al so
shows the benefit of this approach to anplifying environnental DNA obtai ned

directly fromB@mpkesngi AR andanuceasesbalanade?i 4 flassesre to a variety of

damagi ng agent 1 _ref n ited,herein as.wel] as U S

provigsi gnalg ayga igﬁ?}”ﬁ%?"s?r Sa'l%ﬁuﬁFg '@%i@%@ésﬂq%\%d@t ober 21, 2004,

60/ 646, 7?%%6%;—:'%&%@5%_24, 2005 and 60/673,925 filed April 22, 2005 are
ted by reference

i ncor por . EXAMPLES Exanple 1: Enhancing anplification

yi el ds for DNAIW tleavaesiFus>eIt-@H st & -Rlamage An assay was devel oped
for optimzing the use of selected reagents to repair DNA prior to
anplificati on.%lﬁérfée&‘ﬁ%ﬁ of >varPobhd 'eRtent s of heat danmage Vari ous

amount s of e WerLe in d at treatnent. This was achi eved as
foll ows: 100 N?%&?%’Xﬂ%&?\@b%ﬁg w Engl and Biol abs, Inc., |pswi ch,
MA) at 0.5 ng/m was aliquoted into separate tubes for heat treatnent at
99C for 30 sec, 60 sec, 90 sec, 120 sec, and 180 sec, respectively in a
PE2700 t her malSeyarla¢ enzpnsesrhbeevibsen seolabsd ahtampppearftorhawpl AR cati on
W t hout pretreatnent. L.

endonuclease or lyase and glycosylase activities that are

coordinated in a concerted manner (i.e., without causing AP site

formation) or sequentially.

Examples of polynucleotide cleavage enzymes for use in
enhancing at least one of yield and fidelity in an ampilification
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 AIKA and human Aag; and 3) glycosylase/lyases, such
as E. coli Endo 111, E. coli Endo V, E. coli Endo VIII, E. coli Fpg,



- 30- The remai ni ng damaged DNA was pretreated by the m xture of
enzynes as follows: The danmaged DNA tenpl ates were i ncubated at room
tenperature in the following mxture for 10 m nutes: DNA (5ng, 2ng and

I ng); 100 pM dNTPs ( NEB#MD447, New Engl and Bi ol abs, |psw ch, M\); 1 nnM
NAD+ ( Si gma#N- 7004, Sigma, St. Louid/-MD); 80 units Taqg |igase (NEB#MO208,
New Engl and Bi ol abs, |psw ch, MA) or 40-100 units of E. coil ligase;

0.1 uni tBuElartOJGGDNMppVMWﬂUM@dlln'\(eEgIVod)s;ylaE(é (T4NkibMag@d, New Engl and
Bi ol abs, Inc., |Ipsw ch, MA; 10 units E. coil Endo IV (NEB#MD304, New
Engl and BHBI&bAP eRdonucleasesh, MA) or 10 units of TIM Endo | V: |

t hermopol buffer (NEB#B9004, New Engl and Biol abs, Inc., Ipswich, MA) to a
final volune of 96 pL. At the end of the reaction, t he sanpl es were
transferred t m?éEP ggLé | ction DNA
anplificati oneo?ewﬁﬁgbmﬁg per u5| ng the ??gtﬁg@g?. nmers:

CGAACGT Csxlss it psetion ()f-EZpéll?hL(cféindeDoN@lﬂ)e étmda GemECIed GEGEarTd CACCC
(L30350F) (SEQ ID NG 2) according to the nethod of Wang et al. Nucl. Acids
Res. 32:imagplypor(eptaty under nermal aciian coNGtivts M 2t figve \gSadded t o

omr Grrsahd TR Rl RR Fithhe rol b6l Ro HRBUSRT eR i ded.y “ona " T

polynucleotides.

A "polymerase" 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
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
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.

A "ligase" as used in the enzyme mixtures described here
refers to an enzyme 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
ligases can be used in repair as described herein. Examples of

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



-31- polynerase, 5x10-7 Mprimer L72-5R and 5x10-7 M prinmer L30350F in 1X
t her nopol buffer. To correct for any enzyne storage buffer effects,
when a repair enzynme was onitted froma reaction, the appropriate vol une of
its storage buffer was added to the reaction. In all cases, the
anplification reactions were placedi8-nto a thermal cycler using the
follow ng paraneters: 20 sec at 95C for 1 cycle followed by 5 sec at 94C,
then 5 r@fhértng?é’s%sfmrd@&e uelpempﬂnﬁsgo%ewf TthenNmEsscon being anplified
was 5 kb. The results of "anplification of DNA (5 kb) were deternined
by 1% agad/As27486.18| EG3pleMesilS97ARY drddiigd (M BBR8dd)ar C oni ng: A
Laboratory Manual, 3r ed., eds. Sanbrook and Russell, Cold Spring Harbor
Press, Cold Spring Harbor, NY, 2001, pp. 5 4-5.17) was added to the 100 pl

anplificatio £ I ed onto the

agar ose gel a@%ﬁ%clvéqc%% %ggggeq”f%g‘ﬂ? Qﬁﬂgﬁﬁg%@%{ﬁﬁgngl and

Bi ol abs, héiGn .arkReVealad MQ)a@eﬁbéhK%e%r@:’ﬁﬂ@émg T4 Ilgaé'@e)raEfDu@M of

anplifi ed DNA for each sanpl e was conpar ed 6-5 | ectrophoresis and the
IIBsW

results legazsestmmamm the database\fser Elmaur@ hmfeanryearnéwm th a

m xture en s after heat treatnent r to anplifj.cation,

si)g(;niufl rl@éy@gﬁ éltcoé'f '%%Wﬁrﬁ'&ﬂ@ﬁ'%éﬁééq\%s KRV I (égl ‘Iﬁgw es 1B,

1C and f d d
and ey 5 1BLAes il 4 TEBRRCHYRERE SRR To S AR fbr | nduce

abasi c si terireat nent pretreatiment with an
enzyme niRd Hventions?2- To assay the extent of repair of damaged DNA,
various anmounts of DNA damage was first induced by citrate treatnent. This
was achi eved as foll ows: DNA was depurinated as described by Ide, H,

England Bi ol doenirplt B0 @ pLigihechise oE dese B rBioB R The DR e
e R L e S e o A O RSP

a concenfration or 01 20, 40, 80, 120,

and 160 pDpeL4y), i 'Ehﬁas:b&ahefow&i Heea thEttaNAquBr@cAﬂ'Ptla;tmqmneld riasuspended
in EB buffer (Qag en, Inc., Valencia, CA) oncentrati on was
det er ni neAZYeBRSMrEE Fhaldnshale dgasee W@@rﬁ%ﬂﬁﬁ'ﬁb@ Landigasss.

f h d
neubat cBNAE Tt gesip erallrRL At £ ohd E¥ TBase pnd oNIIRAG i xt ure: owa
(2.5ng/ 1,2&@@1,&@_darrage) 100 pM dNTPs;

Exemplified ligases, polymerases and endonucleases are
available from New England Biolabs Inc. where pages 107-117 of
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.
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
other synthesis reaction. This can be achieved, for exampie, when



1 mM NAD+; 80 units Tag |igase; 0.1 units Tag DNA pol ynerase or 0.1
units E. coli Poll (NEB#MX209, New Engl and Bi ol abs, Inc., Ipswich, MA)) or
O .1 units Tag:0.002 units of Vent(r) Pol, (NEB#MX254, New Engl and Bi ol abs,
Inc., Ipswich, MA)); 10 units E. coil Endo IV; |Ix thernopol buffer to a
final volume of 96 RI. -33- The- above mi xture was incubated at room
tenperature for 10 mnutes and then transferred to ice prior to

anplifi i | k1 ' [ réﬁmJaitfdrp@fi on was perfornmed
as desc?Eg@q?%%ﬁgﬁ%t%b??égmﬁg?éeﬁa@hkg Ia?lrrpl icon. Anplicon yields were
i ncr easezhasmedspar adre-idcuteEdion veixtormer ahd/¢Fidguing 2 plifjcatieat i ng | anbda
DNA contai ning abasic sites with the mxture of enzynes. The results are
shown in Figure 2B for a series of pretreatnents using different enzyne

1 Xt . T ) [ - th I E
corl "pori Ay ARG p oD PRAE mdly 08kt BroTHR apllte I8 Pe TP TRA ¢
ext r act egedFrhe@PréNheabasiosrMci@bodly rakpasgehiain deptesar (RCRYe

Genomi ¢ DNA was isolated from Megan ycti phanes norvegica (Krill) as
descr i beStriamdBdikplasementsAmplifeation.(DDADL(U. Phietrehblios. Evol .

Pr et 1 oat Mt 500 KU AV0: BRA) bt A A st BUBHICEHEDSR: S0%ar i od out as
fol I ows: 1585R9goh 1} TPORYEIHGANIPRAM e PKinpHRRAMHANFRN) (Guatell

et al., Proc. Natl. Acad. Sci. USA 87 :1874-1878 (1990)); Rolling

Circle Amplification (RCA) which generates multiple copies of a

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 regardless 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 Thermopo! (New England Biolabs, Inc.,
Ipswich, MA), AccuTaqg LA DNA polymerase buffer (Takara Bio Inc.,
Shiga, Japan) or any other standard Taq buffer. In various
embodiments, the universal enzyme mixture contains £. coli Poll or
Tag polymerase and an AP endonuclease such as a mesophilic Endo
IV, e.g., E. coli Endo 1V or a thermophilic Endo 1V, e.g., Tth Endo v



1 mM NAD+; 40 units of Tag |igase; 0.5 units Tag DNA pol ynerase, 0.2
units Vent (exo+) DNA polynerase, or a Taq:Vent(r) (exo+) m x containing
0.05 units of Tag DNA pol ynmerase and 0.001 units of Vent(r) (exo+); 10

units E. coli Endo IV, -34- |x Thernopol buffer to a final volune of 96
Il . This reaction was incubated 130 nutes at roomtenperature before
proceeding to the anplification step. DNA anplification reaction The

anplifi n r t efedhdes i n Bucklin,
A 81, Idje(raiI . .éé@é%&eaﬁ?ﬁgggﬁg? HQE%%‘F m%él ?gggs%g (2004) generating a

200 bp digdsesuch 53F9°N11Wm@lﬂamd'(@€@t) GBIy IBE3R:
ATTACGCCAATCGATCACG ( SEQ]. NG 4) Prine keS gded t fi nal
concent rixigedordaing i 1 QRS Engarb/« 8- (&STQ |u'a A rﬁ@é(tl rof 200 pM

\1/eﬁ|t((r); %@5’5 ?‘JM&‘S%% ettt gl egg‘gé%ﬁ)@ Aot o bach
react ! nggltgér%ofdrfmhrm@'#ﬁ%llﬁf:aﬂl@ﬂ Bt will be und@tstder] @Iﬁ?@ﬁ thle reaction (lane

| Tgase or pretreatnent polynmerase was added. Vol unes
wer e ad j cmceechtazrkmln dﬁmg;la/fon aendenctlieasssiandvpiotymespaes oshgmewmner e

cont ol 1S GHEdiRdhe Universal oy Fs iy 2BoNa: Trurienord Bt | ows: 30
e oL Bl B e Ar iRt ackin, IRufRcty e, 254 (one
el ect r opbon€safaBof ndngeathAdse aéa@i%%@rslcéﬂ@méam&mg the assays

described in the Examples. For example, a standard prepar-ation of

lambda DNA can be heat treated according to Example 1. The DNA

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. In this

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.

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
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.



- 35- I ncreased anplicon yield fromkrill genom c DNA was observed
after preincubation of the sanples using the enzynme m xtures descri bed
above (Figure 3). Exanple 4: Increased yields of 10 kb anplicon usino
heat - danmaged DNA Heat - damaged DNA was prepared as described in
Exanpl e 1. Lanbda DNA was heated t-@199C for 180 sec. Pretreat nent of
damaged DNA by a m xture of enzynes was carried out as follows: Lanbda DNA

(1 Ry oReh8f} sEGenerdl-dr S3EEH [ MMMhagtOd BMVINIdStides™M NAD+, 80 units of

Taq ligase; 0. T unit of E. colt PolT; 100 units of E. coil Endo IV, |Ix

t her mropol buffer to a volune of 96 pL. The m xture was incubated for
10 m nutesﬁ% I or to anplification. DNA anplification was perfornmed as
descri bed) enexal P@"ng%xcept where specified below. Prinmers were added to

t he above 96 Rl of preincubation mxture. Priner L71-10R (sequence
GCACAGAAGCTATTATGCGTCCCCAGG) (SEQ ID NO 5) replaced L72- 5R in Exanple 1.

The " cycler phesianiAYAHR nBEQE 8MH¥ATage th SLpoRnRMotige id tm‘\fél- 5 sec at
95C, 10 min at 72C fof 25 cycles and then 10 mn at 72C for cycl e.
Anpl i conossumimgsIfigomkie form of damage to a polynucleotide is
suspected, for example, the polynucleotide is poorly amplified, it is
preferable not to have to identify the lesion or lesions. In these
circumstances, a universal mix of enzymes such as described above
may be utilized to determine whether improved ampilification 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
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.

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

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.



- 36- The DNA was visualized as described in Exanple 1 with the

foll ow ng exceptions. 20 pl of 6X | oading buffer was added to the 100 pl
anplification reaction. 10 pl of this solution was diluted to 100 pl with
H20 and 1X | oading buffer. 20 pl of this was |oaded into each | ane. The gel
was a 0.8010 agarose gel. The resutXs a re shown in Figure 4. Exanple 5:

| nproved anplification yield of DNA extracted from soil sanples
Environnmental DNA was isolated fromthe soil using an UtraC ean Soil DNA
Kit from MoBi o Laboratories, Inc., Carlsbad, CA (catalog # 12800-50).

Pr et r eat ment (ipfARDBlkegi t h a | i gase A final volune of 100 pl
containing 0.6 Rg of environnental DNA isolated fromsoil and one of the
two |igases described belowin (a) and (b) forned the reaction m xture.

Thi s reacti O*T‘haﬂéé%o?fé"’B%FEQEQE'e%%QgEE ooyl SBPRERBSISER dor 15

(a) I'x Taq ligase I'an Sw ch, and 80
units ODNT/&@an%ée Polymeraded) ad& mgagé-wd@tedﬂ‘dﬂ‘qué@gér@d Bl 0| abs,
Inc., Ipswch and 800 units o 4 |igase (NEB#MO202, New Engl and

Bi ol absadveesely| tenl, byrhe presencenst thigse abasici greReHeei on DNA

el O o SRR PRI (0

or T, X ‘B?lgégq SR r Clh% AV an anplicon
si ze of T ¢ m%%]_@l%sgmy t%%&é%ﬁt g‘?{r{gﬁé%o prol  of dggach of the
pri mer s enibedineéntt by Em@amveacmw thatretdaaledie pmp}bmltdl\ITPs 1X t her nopol

buffer, and 1.25 units Tao DNA pol ynerase. The a ification W?ieperformed
usi ng t Rackbpneatigie pbrsHySkar aWﬁé?@Vegalﬁ ﬁxﬁﬁngﬁﬂef%r Off epdne 30 sec at

94C, 1 n HadiRGine 5 U0 RER e aBASic! e 33c S Feavdbgn & mn at 72C for

1 cycle.
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
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
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

(a) 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 Tag DNA
polymerase and hence inhibit DNA amplification (Wellinger, et al.
Nucleic Acids Res. 24(8):1578-79 (1996)). Consequently it is



Gel el ectrophoresis was perfornmed as described in Exanple 1. The results
are shown in Figure 5. Exanple 6: Inproved anplification yield of

ultraviol et |ightdamaed DNA To determ ne conditions for assaying
the effectiveness of DNA repair, 50 _Rg | anbda DNA ( NEB#N3011, New Engl and
Bi ol abs, Inc., Ipswich, MA) was di I'982d in TE buffer (10 MM Tris-HCl, 1 mM
EDTA, pH 7.5) to a concentration of 50 Rg/nl and irradiated with 36 3/rn2
W | i ghtdésiralde tboredir B0 mddinanplriGoersegrior 138+ duringThe damaged DNA was

I ncubat ed at, room tenperature for 15 mnutes in the follow,.g m xture:
DNA (50 @implibicatignpdh Q\ﬁ@’daﬁ%@éh'qv@r%y aqding@ p¥fimugnei i§@rseconds) :

200 pMd : ' 1S l,i ; ' ] b= DNA
pol yrer a@&%ﬁsyl%é%gég Q/aﬁ%gﬁj :ggééd(?{%@’ J. %ﬁc@%n&n??" s3t @rz I§1g?ju§'n7f(?s T4 pdg
(al so repgpsad 1on®y thHedaiversal Eheyinge mixEard.THE NG, baBkboFteer nopol
buffer to a volune '0f 50 RI.

is cleaved 5’ to the pyrimidine dimer and leaves a 3 hydroxyl

moiety that is extendable by a DNA polymerase. In certain

embodiments, extension at the 3’ hydroxyl and subsequent

formation and then cleavage of the lesion-containing flap gen erated

during DNA extension results in a nick that is sealed by an enzyme

capable of sealing 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)).
(b) Oxidative damage

Inaccuracies can be introduced into the products of DNA
amplification reactions because of undesired nucleotide
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 sequience
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
problems for rare DNA samples that may be made refractory to

amplification by UDG treatment.



After the 15 m nutes incubation, the 50 Rl reaction m xture was added to 50
pl of an anplification solution. The anplification solution consisted of 40
prmol of each priner (L72-5R and L30350F as described in Exanple 1 or L72-2R
(the DNA sequence was CCATGATTCAGIGIGCCCGICTGG) (SEQ ID NO 8), Ix
Therrriopol buffer, 1 mM NAD+, 200 'B‘fb‘l dNTPs, 2.5 units Taq DNA pol yrnerase
(NEB#MO267, New Engl and Bi ol abs, Inc., Ipswich, MM, and H20 to a fi nal

vol une of 50 pt.. Conbining the 50 pi., repair reaction with the 50 pl
amplification solution gave a final volune of 1%% pl.. The 100 pl solutions
were placed iMedified pecirotidsg that are themyrodpest ok Oxidati¥e388EN 38Pmer

conbination; 5 mn at 94C : 8C, and 4
nn at 78 P@rreéﬁc’}f?glf%gm %ﬁﬁmprl?‘\g@{&)%@tﬁ%r Bg%ﬁPgﬁ%gcﬁig%E?% R and
L30350F i i PTRY: i mxtestid@Gssec at 94C, 60 sec
at 58C, @l#gﬁ%ﬂﬁ?ﬁ?@%d&t@%ﬁ%%ﬁegtyﬁ gg?&Sécfnbr?nyat 72leorsl cycle. -39-
The pr esgaedratfledmplain’ APagndonycledse tsudghsag i [\ved on a 1.801 agarose gel

usi ng et hidium brom de. The size of any band was conpared agai nst a | ane
containing the 2-1og | adder (NEB#N3200S, New Engl and Bi ol abs, Inc.,

I ich, M\ si t ds. j i i le 7:

P o TSR o DR G A B S
tei j i i ilbestrateddnf krill

0, o 108 Bk e o Smpmat i et on 0

enzyme nExanmse @milne the pndvetisas enayone edixtare it SHEPIIBRREESi on repair.

Pretreatnment of stored DNA bé a mxture of enzynes is carried out as
fol | ows: With Fpg i theRrenacHRatiRR PR or 1-180 ninutes at 4-37Cin the

following mxture: DNA: 50 ng of M norvegi ca genom ¢ DNA, 100 pM dN Ps;

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 .
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
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.
(iii) Nicks and gaps
Nicks and gaps in the DNA backbone can lead to truncated

primer extension products and inhibit amplification reactions. The

concerted action of a ligase and a polymerase in the universal



1 rnM ATP; 400 units of Taq ligase; 0.1 units E. coli DNA pol ynerase |;

10 nME coil WrA, 250 nME. coil WrB (or mutant Wr13-'"), plus or !mnus
50 nME. coli WrC I|x Thernopol buffer to a final volune of 96 ILI. * for
mutant WrB, see Zou, Y., et al. Biochem stry 43:4196-4205 (2004).

DNA anplification reactions are condfucted as described i n Exanple 3. -40-
Exanpl e 8: Increasing sequence accuracy of a DNA anplification reaction by

enzyme oBaYadeniiuhetrepadinhiens ankgapkmrthal DRendhus emdrancing A. Add i ng
Taq ligase'to T7 Endo | was denonstrated to increase the T7 Endo |:DNA

ration iDNA araptificatiomi seactongi.t hout randonly degradi ng the DNA. This
approach nmakes it possible to reduce unwanted heterodupl exes resulting from
m smat ches in an anplification reaction. The assay relies on treating

a supercoile RI\E\ Wbai, ning a cruciformstructure with increasing anounts
of T7 Endo |?' r&o%?’?’fgs, 3.1, 6.2, 12.5, 25, 50, 100, 200, or 400 units
of T7 Endo | (NEB#MD302, New Engl and Bi ol abs, Inc., Ipswich, MA) was added
to 50 pi reactions conposed of 1 pg of pUC(AT

Gua n, C, et.al.
Bi ocheni st r y Atlitianal 4gxe¢iide£xcisiad mmanEéN%R&rpr@temﬁaﬂBm&Qs?t New
Engl and Bi ql.abs, 1nc., i sm d, pAT25t ef. :pe used in place
of pUC( A Bigehamictsk ,4‘&4%5@6'2?%1\4&1%95%% etd _6%3, g’é?’ﬁ’?’.n”%m: 169- 178
(1997)) Q r. . InpFhesd st H255-4P378§1(1994) ) .
Anot her g@@151"T@?éctlpgr?s&v\%(?%}’s%téhﬁ%ﬁa nﬁ?g%\fle%%gf%ﬁnd used the same
conponen m@%)zd@fbieb@ddequeth@ Uhivdrasahediziyimom nuiktdrentd NAERAIFSi gma
cat al og#N- 7004, Sigma, St. Louis, M) and 100 unpjts, of Tat:lglﬁghg(ariee (using a

st ock of daFREROERIIHNgafresm CXROSHTE 64 RAIYRUGIeRtIes taferma wer e

I ncubat egngtbu?lzggdoc[uc%g ang \r/'vuetllegs 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. Natl Acad. Sci USA 99:1467-72 (2002)) can be used to make
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

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
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
lesion then the damage is removed when the newly released
oligonucleotide dissociates from the DNA. A polymerase can simply



-41- using W light (see Figure 9). Wth no T7 Endo | present the pUC(AT)
pl asm d produced 2 bands on the gel corresponding to the supercoiled form
(I ower band) and the relaxed circular form (upper band). T7 Endo |
resol ved the supercoiled pUC(AT) into the relaxed circular formand a
linear formthat ran intermediate t¥-the supercoi l ed and rel axed circul ar
forms. At certain T7 Endo |:DNA ratios, a snear was produced indicating

that t gl {hirtHendrcisebadedapt adddNAhieadNdg By nitknwhipdt libiaseeiamat i ¢ activity.
The presence of Tag Iigrgése significantly increasedpﬁ he usable T7 Endo | to
DNA r atsedls thicormplere the rapaier In HarERIBACasESSHs PRIYERGSE MENdo | with

20051 033 the DNR qad' Bl Bibcq s BRIPBHSR e, a7 ENA e
fe]; Lﬁ}%@gﬁé}ﬁis 1RftHd3e FirdEmStdncdy dn eaggnie Wift@rﬂa_r;mé/haﬂvh?t erdupl exes

reactions. I'sol ation of DNA fromsoil and anplification of
t he purpdrineits BNAickstopkerd fomaddathates digasedcam sEabnigl easesiintwhisdh opt i onal
addition of 5 units T7 Endo | or nut a‘nt t her,eof . en T7 Endo 1 or nutant
t her eofthesNERRRZYBR QEBNZHBRES UMY FIERYEEi DHOANS §3M3agRdERe (37C for 15

0l oave RAyMetaSE G Eieeabl HiSRbERS oI A5aAT BREPRIE 2200 | Ded as
descri Etg%titﬂe%aﬁﬁg% Jéat \Eﬁﬁﬁ%}i ?ﬂ)ﬁ(ilﬁt Séxflé)%@sé Tladvamtihe eNanflapeogel as

descri in Lowel I, , ei n, A. Biotechni gues 28:676-681

(2000) )creAbs arlégatabld anko diipe dappise may be ot hefort and &fgs | or nut ant
th f sh th ffecti 17 E | tant_t f wth |i .
Lo *'the B leSior in rgastc, & reeaab e mindl TSP AT RESS | pt i on for
each Ofa&hﬁ@%?%?%ﬁéﬁ&#lg %I'i%lt'a'agte#i?d '}@@\cﬁ&# ghe@ HNNepskgl and Bi ol abs,

Inc., I'psSw exanp u nition tor T7 Endo | or mnutant

t her eofieh§iridg |Rjatablechickn e reshirinedtio Divhtentplgteater than 900/c of 1
p,g of supercoiled plasmd into greater than 90% linear DNA in a reaction
vol ume exarBple) of khe effiectiveress. of the ahaverapprerch IDREOVIHGGIkan be

i ncr eazéd WIES@Q t increasing non-specific cleavage of DNA in the presence
of |igasem %I e 9: Increasing the sequence accuracy of a DNA amlication
reaction after oxidative damage Generating DNA with oxidative damage

The DNA subject to oxidative damage was pWB407 (Kernekchiev, M B. et al.

Nucl . Acids @?Wiﬁﬁa&iﬂ%%ﬁobﬂﬁl@émidefhe damage was incurred using a
conbi nati on of nethylene blue (MB) and visible |ight as described
previously (Sattler, et al. Arch. Bi ochem Bi ophys, 376(1):26-3 (2000)).

Pl id 00 p.g/nmL_i.n distjlled . t fil

st ?Ztn(r:“hes D(Ngééi%roaﬂwgg)x I 6&'&3‘ éﬁoagcl?r\fl\)ﬁ}%erh)én%m@%ﬁgﬁﬁgﬁaggngenmt ration
i , B i 1 | final

\r/glnglmr;??F‘{I’ﬁg}t@sﬁ@mg?ﬁeg%’éss:eiegg?lg%lél‘J;r_r?%t?(?;et C !ég'p?/\l_/eg iglbgg'egqﬁf i clengnd

i |1 uni nBigtdchoigLes28: 6061681 (200000-ThdrapsonT e RvBetiajhtVia/eat ed DNA was

prect pi/tf\g}d%dfzeg.ri’.’»g((jé):aanS%r—]SBSrSe(sgggg?? %%gtfq, ?0 &pll\do%{rig;'nE, Bu Lfrc?cr (pH
Natl, Acad. Sci. USA 94:6847-6850 (1997)). T7 Endo 1 or mutant
thereof can be used together with a ligase to remove mismatch
regions. This approach does not require quantitation of DNA and
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
a DNA ligase activity to minimize non-specific cleavage in the

heteroduplex cleavage reaction.



8.0). Final DNA concentration was determ ned by the absorbance of |ight at
260 nm -43- DNA anplification conditions A portion of pWB407 that
contained the |acZ gene was anplified using priners 316-138,
TGTCGATCAGGATGATCTGGACGAAGAGC (SEQ I D NO 9), and 316-137,
CGAAAGCTTTCAAGGATCTTACCGCTGTTGAGA (8EQ I D NO 10). Priners 316-138 and

316- 137 were based on the previously-described priners Kfd-29 and H3Bla34,
respectively (Kernmekchiev, M B. et al. Nud. Acids Res. 31:6139-47 (2003)).
The 100 pL PCR reactions contained either 10 or 50 ng of tenplate DNA,

i ndi cat Bibaussion apbirepExaiaplesnandTigUFesl es of each primer. The cycling
conditions utilized varied with the thermal stable pol yrnerase used for
anplification. Cycling conditions when using Taq DNA polyrrierase
(NEB cat sNOaggm e Bl FGuRL ol ow 4t ariRerclieldd Bbthadedh 1 ni (72
denaturatlon step of 5 mn at 94C for 1 cycle, then 30 sec at 94C, 60 sec
at 58C, freamd PERriam 3i0fi eadicat a?é@dhsrtaﬁﬂad:lycmeexﬁtl\aew affeated, Whein at 72C.

Ehgl ;ﬂﬁtrﬁggéa%g?éw&?ﬁ”usgééﬂ%apemwrﬁ Y Hi GRS (Yot i on step of 0
2t 7ac farmasd (G EESanh M sePpd8s Har eyt (sl ARErEI! T 0 Pones

ver e anghyzgtedyof B @l@rﬁégéto@fambﬁﬂtwéhl@h be evkeréedagadose gel ,
prepared, electrop horesed and visualized as descri bed above. The narker

used wasmpiEon ymjdsvmnhanaed bwmmcubaﬁmm%wlﬂﬁgﬁ anxkteirelabs, | nc.
| pswi ch

P s boe SR bl e et R HARa B SO B8R e et

by Barn " " &Fésquévenﬁér@ed cl. Acids
Res. 8295@ 73”%8%']'1@ ﬁ% ?gogé%%ﬁl ?ﬁl @the acZ gene wer Elvgener at ed
from pI agie i tRYBHYY iiaimbadréekiscsibgdict ed to differing amunts of

oxi dative danage. The oxidative danage was perforned using nethyl ene bl ue

as descri bed above. The PCR reactions vvere performed using 50 ng of

tenpl ate as escrlbe Qve. ter cyclin restriction
endonucl ease g 568}9’(53 Vbateﬁk% téﬂ: tlbéReHgX@ﬁ g‘ﬁ"{%%e. (?ﬁ:ubat ed for 2
hours a t ligi [ | eyipe ff A Pl asm d.  Next,

the r esrglnﬁ!ﬁbca-g%ﬁ |I?g¥"?5% r{oﬂrt(’;%@?gagﬁ g)rﬁegt%ﬁg%t ed w th phenol/chl orof orm
pr eci pi tedidodinclisagworshgaseabolt indead enaortabeases oA ligiseafmy Manual ,

3rd ed., eds. Sanbrook and Russell, Cold S ring Harbor Press, Cold Spring
Har bor , Multite@temativexmumesicanpeysed PrFeQ,r BXBEIRE: product s were

H ndl F?@ﬂé‘ﬁrﬁ'@?aE%Z% FllgnERbach il g YhiEe kI E A BRSP Enyl and i o

abs, r&ts DA sd 8¢hiOfHeriR6St3bRPPE
i nactl va | ng th E‘_‘ﬁ%i “yé% Stys éé%%ﬁ?ecgwglgheatl ng to 65C for 90 mn. The

restrictligagedi gestion products were purified using a mcrocon YM 100 col um
(MIlipore, Billerica, MA) to elimnate short DNA fragments.

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
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

polymerases to produce enhanced yields.



The repair reaction mxtures in a total of 50 pl contained 10 or 50 ng of
pWB407 anplicons +1- nethyl ene blue incubation. The repair reactions
contained 20 nM Tris-HCI (pH 8.8 at 25C), 10 mM KCl, 10 nmM (NH4) 2504, 2 nM
My504, 0.1% Triton X-1_00, 1 nmM -45- NAD+, 200 pM dNTPs (dATP, dTTP, dCTP,
and dGIP), and various repair enzym$-m xtures. The repair enzyne

m xtures used separately or in various conbinations in a total volunme of

S0ul were: Exanml@B%#@'FﬁguFé)Q seBy eab# VB Afhaesyrieng ofh d Bi ol abs,

Inc., Ipswch units Tao ligase; 0.1 units E._ coil DNA olymarase
. 10 uam*rtpﬂ;flEatlomyleIﬂEioan\be obeead with $b0rtp(3@amw>)sfra9m$ﬁtﬁ nmopol

buf f er reacti ons.were _i.nc ated t 25Cfor After the
|ncubati'bfﬁctséngénéﬁn&erﬁfcﬂfW'('ﬁ'@a Py [eldpEr %?F%Wz?dafgrzédﬁ%elo mVl KCL,

10 mM M dNTP
Caarp, s ohdizes df N AmAsCes Foibas Tty 25 THONAEdes 16" at mvoos s,
New Engjopgdad3i00as ard'&t is basaved, tHEY amﬂufmcuam tyteldsefdFNA r epai r

reaction and this new solution was subjected to thernal ¥c| i ng conditions
f or PCRevaméargep theans 00rkncaheloe aébtﬁ\dﬁﬂ'ﬁs'rh@ru@qﬁfrﬁ“ﬂ’ﬂ%@ SEE Festriction

e et paly Buibe BhReHe e e IhtHe ARG oA PRKGurLIe 2Pl i cons vere

Figure 3 also shows that even when the DNA has been
damaged through storage in & 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
seen when the template DNA is incubated with the mixture
ofenzymes that are thermostable equivalents during ampilification or

during a pre-amplification step.

Example 4 and Figure 4 show that ligase alone can enhance
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
obtained with 5 kb and 10 kb amplicons.

Example 5 and Figure S 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
shows that Tag ligase and T4 ligase are both effective in enhancing

amplification yield even when used without additional enzymes in a



Plasm d pWB407 was prepared by digestion with tile restriction

endonucl eases Styl and HindlIl followed by a 30-m nute incubation at 37C
with 1 unit/pg DNA of antarctic phosphatase (NEB cat #M289S, New Engl and

Bi ol abs, Inc., Ipswich, NA). The dephosphoryl ated pwW407 vector backbone
was purified by agarose -46- gel eRgctrophoresis. Cel extraction was
performed with a Q Aquick CGel Extraction Kit (Q agen, Valencia, CA.

The di gasteeth@FRIt GO RSiXVETRSs F@atqd 4156 bdiegelriopacadr MPAOlgasasmi ds in 30
pL reactions using approximately 0.1 pg vector DNA and about 0.5 pg

anpl i coris abtdd gathevamplifiedtion méx f(ifr thaemeodtabia)i. ofigwid bvaleg t he

manuf acturers recomrefndag condi ti on éNew E’r} | and Bi ol abs, .l nc., ~Beverly,
M) . Li gllavs tRedrnretd qeklisanp Oa?@&l?igt'tg EPV&ﬂﬂmgﬁF%'iﬁ'Wm |
B 1 ' . L oq. 9 ) oo

o Ce B Pl R e R g B P

pl ati ng, 1ot & AalCHf daWRiding 2d in rich broth for 1 hour at 37C to
al | ow expression of the anpicilin resistance. Control transfornations

| acking ligase treatnment resulted in zero col onies. Colonies were scored
for blue color affer one day at 37C, a one.or twa days a 5C. The
results are INbWRfaraneesGied Weﬁhasﬂg'?ﬁ&%l @W@?'OPHK?QQQQ%‘&)Qﬁe sequence
accuracy of a anmpli fi ion.r tiqQn api j

Goner at |54 duiRoRO LRROTHAS Bl Lltielier 4 b 2RAT RVRAS & TR o7
(Kernel c¢hi ey, Nucl ei J , 3083, 31, 6139-6147 ).
The dam&@qﬁ&ﬁ f#rc%bpéoarlfg:épg6?§n§2r§ﬁ%te&féé@n%él g%HQ/%L%I trous acid as
descri bed | Virol. 2003 Feb; 77(4):2640-50. Nitrous add
can dean'ﬂﬁgfbea%ggﬂiw%%lfﬁ?ﬁ%to xant hi ne, cytosi ne to uracil, and adeni ne
to hypoxant hine. -47- Plasm d DNA (2ng) was treated with 0.7 M Na
Noz in 1M acetate buffer, pH 4. %XKIWFP gaction was termnated at various
time points by addition of 4 vol e-cold 1 MTris-Cl (pH 7.9. The
pl asm d DNA was precipitated, dried and then resuspended in 100 mM of TE

buffer. Pretreatnent reaction to repair deam nated bases | The repair
enzyme RN ple Enhancingamplification vields e withn total vol ume

of SO m vgﬁoet:ls extents of damage

ey

An assay was developed for optimizing the use of selected

reagents to repair DNA prior to amplification.
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
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.



(a) 1 unit Human Aag, New Engl and Biol abs, Inc., Ipsw ch, M 2 units
Endo II'l (NEB cat # MX268S), New England Biolabs, Inc., Ipswch, M\

2 units Endo V (NEB cat # M)3055), New Eng land Biolabs, Inc., Ipswch, M\
2 units UDG (NEB cat # MX280S), New Engl and Bi ol abs, Inc., Ipswich, M\ 200
units E. coli Endo IV; 0.1 units E-3%oli DNA pol ynerase I; 10 units E. coli
Endo 1V; 1nmM NAD+; 100 mM dNTPs; | x Thernopol buffer. (b) 2 units

Endo V (NEB Qade #eM230h) dahegdchDiNhavas prereateddy tin@mb@'ldre MA; 2
units U%C? énl\:lz%/%ggtaf fcg\f%zv%g S)I‘heI\éegvaGeldaBlC{lAB{:g%a?ates were lngu%\”ated MA;
at room temperature in the following mixture for 10 minutes:
DNA (5ng, 2ng and 1ng);
100 uM dNTPs (NEB#M0447, New England Biolabs, Ipswich,
MA);
1 mM NAD™' (Sigma#N-7004, Sigma, St. Louis, MO);
80 units Taq ligase (NEB#M0208, New England Biolabs,
Ipswich, MA) or 40-100 units of E. coli ligase;
0.1 units E. coli DNA polymerase I (E. coli pPoll) NEB#M0209,
New England Biolabs, Inc., Ipswich, MA);
10 units F. 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.,

Ipswich, MA) to a final volume of 96 uL.

At the end of the reaction, the samples were transferred to ice
and then amplified.

DNA Amplification Reaction

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

(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 ul of the above
repair mixture. The amplification mixture contained 100 uM dNTPs,
5 units Tag DNA polymerase, 0.1 units Vent® (exo-+) DNA



-48- 200 units E. coil Endo 1V; 0.1 units E. coil DNA polynerase |I; 10
units E. coil Endo IV, 1nmM NAD+; 100 nM dNTPs; | x Thernopol buffer. (c)

2 units Endo V (NEB cat # M)305S), New Engl and Bi ol abs, Inc., Ipsw ch, M
200 units E. coil Endo IV; 0.1 units E. con DNA polynerase |; 10 units E.
colt Endo I'V; 1mM NAD+; 100 mM dNTP3}- | x Thernmopol buffer. (d)

polymerase, 5x10-7 M primer L72-5R and 5x10-7 M primer
[.30350F in 1X thermopol buffer.

To correct for any enzyme storage buffer effects, when a
repair enzyme was omitted from a reaction, the appropriate volume
of its storage buffer was added to the reaction. In all cases, the
amplification reactions were placed into a thermal cycler using the
following parameters: 20 sec at 95°C for 1 cycle followed by 5 sec
at 94°C, then 5 min at 72°C for 25 cycles. The size of the amplicon
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
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 pg of 2-log
ladder (NEB#N3200, New England Biolabs, Inc., Ipswich, MA) as a
size standard.

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

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

Example 2: Increased amplicon yields from DNA with

induced abasic sites (after citrate treatment) Vfollowing
pretreatiment with an enzyme mixture

Generation of various extents of damage resulting from abasic site



1 unit Human Mg, New Engl and Bi ol abs, Inc., Ipsw ch, MA 2 units Endo
11 (NEB cat # MX268S), New Engl and Bi ol abs, Inc., Ipswich, MA, 200 units

E. coli Endo IV, 0.1 units E. coli DNA polynerase I; 10 units E. coil Endo
['V; 1mM NAD+; 100 mM dNTPs; | x Therpopol buffer. -49- 2 units UDG
(NEB cat # MX2805), New Engl and Bi oP4bs, Inc" | pswi ch, MA; 200 units E.

coli Endo IV; 0.1 units E. coli DNA polynerase I; 10 units E. coli Endo |V;
1 mM NAD+;

To assay the extent of repair of damaged DNA, various
amounts of DNA damage was first induced by citrate treatment.

This was achieved as follows:

DNA was depurinated as described by Ide, H., et al.
Biochemistry 32(32):8276-83 (1993). Lambda DNA (NEB#N3011,
New England Biolabs, Inc., Ipswich, MA) was ethanol precipitated.
The DNA was resuspended in depurination buffer (100 mM NacCli, 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.

Pretreatment of DNA with a mixture of enzymes

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

DNA (2.5ng/120 minute damage);

100 UM dNTPs;

1 mM NAD+;

80 units Taq ligase;

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
Tag:0.002 units of Vent® Pol, (NEB#M0254, New England Biolabs,
Inc., Ipswich, MA));

10 units E. coli Endo 1V;

1X thermopol buffer to a final volume of 96 pl.



100 mM dNTPs; | x Thernopol buffer. (f) 1 unit Human Aag,

accuracy determ nation are perfornmed as described in Exa

New Engl and

Bi ol abs, Inc., Ipswich, M 2 units Endo V (NEB cat # M)305S), New
Engl and Bi ol abs, Inc., Ipswich, MA, 200 units E. coli Endo IV, 0.1 unit E.
coil DNA polynerase |I; 10 units E. gcoil Endo IV; 1mM NAD+; 100 nM dNTPs; | x
Ther nopol buffer. The anplificati orY¥eaction conditions and anplification

npl e

9.

Exanpl e 11:

Unit Defi ni t Thesatitree moptiute evds gebaiaidtat room t@repenaturesfode? ned as the
anount of enzyne required to giye 50%1jgation of. 1 of BstE I1l-digested
sred, P36 SInAIKICETGh-

| ambda DNAUEES andothen teanrsfesied &0 iee PEIOT36 $MA

DNA amplification reaction

Amplification was performed as described in Example 1 to

generate a 5 kb amplicon. Amplicon yields were increased as

compared with negative controls (Figure 2A) by treating lambda

DNA containing abasic sites with the mixture of enzymes. The

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 yield of DNA extrac

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.

ted

=

Evol. 30(3):879-882 (2004). The Krill had been stored in ethanol

since 1999,

Pretreatment of the Krill DNA by a mixture of enzymes was

carried out as follows:
50 ng of M. norvegica genomic DNA;
100 UM dNTPs;
1 mM NAD+;
40 units of Taq 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

Tag DNA polymerase and 0.001 units of Vent® (exo+);
10 units E. coli Endo 1V;

nut es at 45C.



-50- Mesophilic Iigase unit One unit is defined as the anmount of

enzyne required to give 50%ligation of Hind 11l digested | anbda DNA (5
DNA term ni concentration of 0.12 pM 300 pg/nnl) in a total reaction

volume of 20 pl in 30 m nutes at 16?: AP endonucl ease uni t One unit
i s defined as the amount of enzyme é}aqw red to cleave 1 pnol of a 34-ner

ol i gonucl eoti de duplex containing a single AP site . in a total reaction

vol ume of 101X Thermapsaibuiferstaca ﬁ%@‘o}zﬁ%llulm% FHAGmbr ase unit One unit is
def d th t of hat 1 f dNTP i nt
aci d- | nIMEBPACHAR SRS INeUParatbL Bl TiRites ehrvarLien e BE Bslis” v nut oo
at 37CD\IQE&59?%§ rﬁ%@ﬁl}lﬁgsamgﬁhegheg g% 1] -dTTP and 70 pg/nml denatured herring

sperm I'c pol'yneraseu One unit is defined as the
anount of enzyne that will incor porate 10 nnol of dNTP into acid-insoluble
material in a total reaction volune of 50 pl in 30 mnutes at 75C with 200
pM dNTPDNAAmgilifigal®p- naaaddiotP and 200 pg/ ml activated Calf Thynus DNA.
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The amplification primers corresponded to 52F and 233R as
described in Bucklin, A. & Allen, L. D. Mol. Phylogenet. Evol.
30(3):879-82 (2004) generating a 200 bp amplicon.

52F: TTTTTAGCAATACACTACACAGCAA (SEQ ID NO:3)
233R: ATTACGCCAATCGATCACG (SEQ ID NO:4)

Primers were added to a final concentration of 0.5 uM, and
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.

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.

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.



Gene Nane Activity Accession Nunber UNG Uracil -DNA glycosylase NP4_080911
SMUGL Uracil-DNA gl ycosyl ase NP4 014311 MDD4 Renoves U or T opposite G at
CpG sequences N vl 003925 TDG Renmoves U, T or ethenoC opposite G N14_ 003211
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Increased amplicon yield from krill genomic DNA was
observed after preincubation of the samples using the enzyme
mixtures described above (Figure 3).

Example 4: Increased vyields of 10 kb amplicon using heat-
damaged DNA

Heat-damaged DNA was prepared as described in Examnple 1.
Lambda DNA was heated to 99°C for 180 sec.

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

Lambda DNA (1 ng of 180 sec heat-treated DNA);

100 M dNTPs;

1 mM NAD+;

80 units of Tag ligase;

0.1 unit of E. coli Poll;

100 units of E. coli Endo 1V;

1X thermopol buffer to a volume of 96 pL.

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
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.



OGGL Renoves 8-0x0G opposite C t414... 016821 MUM (MYH) Renoves A opposite
8- 0x0G NOK 012222 NTHLI (NM Renoves Ring-saturated or fragnented

pyrim di nes NMM 002528 MPG Renobves 3 -neA, ethenoA, hypoxant hi ne t4M 002434
_ NEILI Renpbves thym ne gl ycol 36

The DNA was visualized as described in Example 1 with the
following exceptions. 20 pl of 6X loading buffer was added to the
100 pl amplification reaction. 10 pi of this solution was diluted to
100 pl with H;0 and 1X loading buffer. 20 pl of this was loaded into
each lane. The gel was a 0.8% agarose gel. The results are shown
in Figure 4.

Example 5: Improved amplification yield of DNA extracted
from soil samples

Environmental DNA was isolated from the soil using an
UltraClean Soil DNA Kit from MoBio Laboratories, Inc., Carisbad, CA
(catalog # 12800-50).

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

then incubated at room temperature for 15 min.

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

(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

described below.



NM 024608 NEI L2 Renopves oxidative products of pyrimdines NM 145043 XPC

Bi nds damaged DNA as conpl ex XPC, RAD23B, CETN2 NM_ 004628 RAD23B ( HR23B)
NM_ 002874 CETN2 N14_004344 RAD23A (HR23A)
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DNA Amplification Reaction

DNA amplification was performed using primers:
GGGGGXAGAGTTTGATCMTGGCTCA (SEQ ID NO:6) and
GGGGGXTACGGYTACCTTGTTACGACTT (SEQ ID NO:7)

(M =CorA, Y =Cor T, X = 8-oxo-Guanine). These primers targ et
16S rDNA having an amplicon size of 1.6Kb.

The 50 pl reaction contained 10 pmol of each of the primers,
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.

Gel electrophoresis was performed as described in Example 1.

The results are showmn in Figure 5.

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

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



Substitutes for HR233 NM 005053 XPA Bi nds damaged DNA in preincision

conpl ex NM 000380 RPAI Binds DNA in preincision conplex RPAL, RPA2, RPA3
NM_ 002945 RPA2 14M 002946 RPA3
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The damaged DNA was incubated at room temperature for 15
minutes in the following mixture:

DNA (50 ng of lambda DNA-damaged for 0, 10, 20, 30, 40, or
50 seconds);

200 uM dNTPs;

1 mM NAD™

400 units Taqg ligase;

0.1 units E. coli DNA polymerase I;

10 units E. coli Endo 1V;

80 units or 10 units T4 pdg (also referred to as T4 Enclo V).
(Trevigen, Gaithersburg, MD);

Thermopol buffer to a volume of 50 ul.

After the 15 minutes incubation, the 50 ul reaction mixture
was added to 50 pl 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 Therrmopol
buffer, 1 mM NAD*, 200 uM dNTPs, 2.5 units Tag DNA polymmerase
(NEB#M0267, New England Biolabs, Inc., Ipswich, MA), and Hz0 to
a final volume of 50 yL. Combining the 50 pL repair reaction with

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

The 100 pl solutions were placed into a thermal cycler.
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
at 72°C for 30 cycles; 5 min at 72°C for 1 cycle.



NM _002947 ERCC5 (XPQG 3' incision NM 000123 -52- Gene Name Activity
Accessi on Nunmber ERCC1 5'incision subunit NM 001983 ERCC4 (XPF) 5' incision
subunit NM 005236 _
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The presence of amplification product was visualized on a
1.8% agarose gel using ethidium bromide. The size of any band
was compared against a lane containing the 2-log ladder
(NEB#N3200S, New England Biolabs, Inc., Ipswich, MA) size

standards. The results are shown in Figure 8.

Example 7: Improved Amplification vield of DNA using th e
nucleotide excision repair proteins, UvrA, UvrB and UvrC

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
carried out as follows:

Stored DNA is incubated for 1-180 minutes at 4-37°Cin the
following mixture:

DNA: 50 ng of M. norvegica genomic DNA;

100 puM dNTPs;

1 mM ATP;

400 units of Taq 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

1X Thermopol buffer to a final volume of 96 ul.

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

DNA amplification reactions are conducted as described in
Example 3.



LI GL DNA joi ning NM 000234 CKN1 (CSA) Cockayne syndrome; Needed for
transcri ption-coupl ed NER CKN1, ERCC6, XAB2 NM 000082 ERCC6 (CSB) NM
000124 XAB2 (HCNP) NM 020196 DDBI B
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Example 8: Increasing sequence accuracy of a DNA
amplification reaction by enzyme cleavage of heteroduplexes

Experimental Conditions

A. Adding Tag ligase to T7 Endo I was demonstrated to
increase the T7 Endo I:DNA ration in a reaction mixture without
randomly degrading the DNA. This approach makes it possible to
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.

0, 1.6, 3.1, 6.2, 12.5, 25, 50, 100, 200, or 400 units of T7
Endo I (NEB#MO0302, New England Biolabs, Inc., Ipswich, MA) was
added to 50 pl reactions composed of 1 ug of pUC(AT) (Guan, C.,
et.al. Biochernistry 43:4313-4322 (2004)) and 1X NEBuffer 2
(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
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.

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

TBE agarose gel, stained with ethidium bromide, and visualized



Conpl ex defective in XP group E DDB1, DDB2 NM 001923 DDB2 NM 000107 NMS19L
(MVB19) Transcription and NER NM_ 022362 FEN1L (DNase |V) Flap endonucl ease
NM 004111 Spoil endonucl ease NM 012444 _
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using UV light (see Figure 9). With no T7 Endo I present the
pUC(AT) plasmid produced 2 bands on the gel corresponding to the
supercoiled form (lower band) and the relaxed circular form (upper
band).

T7 Endo I resolved the supercoiled pUC(AT) into the relaxed
circular form and a linear form that ran intermediate to the
supercoiled and relaxed circular forms. At certain T7 Endo I:DNA
ratios, a smear was produced indicating that the T7 Endo I had
degraded the DNA by non-specific enzymatic activity. The presence
of Taq 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.

B. Experimental conditions for determining the effectiveness
of the T7 Endo I and ligase mix for removing heterduplexes from
PCR reactions.

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. Wher 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

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
heteroduplex DNA in the presence of T7 Endo I or mutant thereof
shows the effectiveness of T7 Endo I or mutant thereof with ligase.



FLJ25220 (ENDOV) incision 3" of hypoxanthine and uracil NM 173627 FANCA
I nvol ved in tolerance or repair of DNA crosslinks FANCA, FANCB, FANCC,

FANCD2, FANCE, FANCF, FANCG FANCL NM 000135 FANCB NM_ 152633 FANCC
NM 000136 B
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Unit definitions are described with the product description for
each of the enzymes recited herein in the NEB catalog, New
England Biolabs, Inc., Ipswich, MA. For example, unit definition for
T7 Endo I or mutant thereof is the amount of enzyme required to
convert greater than 90% of 1 ug of supercoiled plasmid into
greater than 90% linear DNA in a reaction volume of 50 ul in 1 hour
at 37°C.

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

Generating DNA with oxidative damage

The DNA subject to oxidative damage was pWB407
(Kermekchiev, M. B. et al. Nucl. Acids Res. 31:6139-47 (20 03)).
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 ug/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
50 (0, 3, 6, 12.5, 25 and 50) pg/ml (100 pl 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 ul of TE buffer (pH
8.0). Final DNA concentration was determined by the absorbance of
light at 260 nm.



FANCD2 NM 033084 _ FANCE NM 021922 FANCF NM 022725 FANCG ( XRCC9)
NM 004629 FANCL NM 018062
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DNA amplification conditions

A portion of pWB407 that contained the lacZ gene was
amplified using primers 316-138,
TGTCGATCAGGATGATCTGGACGAAGAGC (SEQ ID NO:9),
and 316-137, CGAAAGCTTTCAAGGATCTTACCGCTGT TGAGA
(SEQ ID NO:10). Primers 316-138 and 316-137 were based on the
previously-described primers Kfd-29 and H3Bla34, respectively
(Kermekchiev, M. B. et al. Nucl. Acids Res. 31:6139-47 (2003)).
The 100 uL 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.

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.

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
min at 72°C.

The reaction outcomes were analyzed by loading 25 pl 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
ladder (NEB cat#N3200S, New England Biolabs, Inc., Ipswich, MA).
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Amplification accuracy determination

The accuracy of DNA amplification from the pWB<407 template
was determined as described by Barnes, et al. Gene 11.2:29-35
(1992) and Kermekchiev, et al. Nucl. Acids Res. 31:6139-47
(2003). Amplicons containing the lacZ gene were generated from
plasmids pWB407 that had been subjected to differing amounts of
oxidative damage. The oxidative damage was performed using
methylene blue as described above. The PCR reactions were
perforrmed using 50 ng of template as described above. After
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
precipitation using isopropanol (Molecular Cloning: A Laboratory
Manual, 3" ed., eds. Sambrook and Russell, Cold Sprirng Harbor
Press, Cold Spring Harbor, NY, 2001, pp. 6.25, A8.12- A8.24).
Precipitated products were resuspended in H,0 and cut with the
restriction endonucleases StyIl and HindlIII using conditions
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
DNA fragments.

The repair reaction mixtures in a total of 50 I 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
KCI, 10 mM (NH4)2S04, 2 mM MgS04, 0.1% Triton X-100, 1 mM
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NAD*, 200 uM dNTPs (dATP, dTTP, dCTP, and dGTP), and various

repair enzyme mixtures.

The repair enzyme mixtures used separately or in various
combinations in a total volume of 50ul were:

0.4 units Fpg, NEB cat#M0240S, New Englan d Biolabs, Inc.,
Ipswich, MA);

200 units Tagq ligase;

0.1 units E. coli DNA polymerase I,

10 units E. coli Endo 1V;

1 mM NAD+;

100 uM dNTPs;

1X Thermopol buffer.

The reactions were incubated at 25°C for 15 minutes. After
the incubation, 50 pL of a PCR mix (20 mM Tris-HCI (pH 8.8 at
25°C), 10 mM KCI, 10 mM (NH4)2S04, 2 mM MgS0O4, 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
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.

The amplicons were cloned into the pWB407 plasmid.
Plasmid pWB407 was prepared by digestion with thhe restriction
endonucleases Styl and HindIII followed by a 30-myinute incubation
at 37°C with 1 unit/ug DNA of antarctic phosphatase (NEB
cat#M0289S, New England Biolabs, Inc., Ipswich, MA). The
dephosphorylated pWB407 vector backbone was puirified by agarose
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gel electrophoresis. Gel extraction was performed with a QIAquick
Gel Extraction Kit (Qiagen, Valencia, CA).

The digested amplicons were ligated into the prep ared
pWB407 plasmids in 30 pL reactions using approximately 0.1 ug
vector DNA and about 0.5 pg amplicon. T4 ligase was used to
perform the ligation following the manufacturers recom mended
conditions (New England Biolabs, Inc., Beverly, MA). Ligation
products were electroporated into E. coli strain WB441 (Barnes, W.
Gene 112:29-35 (1992)). The selective indicator plates used were
LB plates containing 50 ug/ml ampicilin and 80 ug/ml Xgal. 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
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
amplification reaction after deamination damage

Generating deaminated DNA

The DNA subject to deamination was pWB407 (Kermekchiev, et al.
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.



NP 416423.3 _ DEWY Pyrim dine dinmer glycosylase NP _049733.1 54 Cains 1.
A nethod for enhancing at | east one of fidelity and yield of an
anplification product of a damaged pol ynucl eoti de, conprising the steps of:
(a) incubating the polynucl eotide containing one or nore danmaged sites with
a reaction mxture conprising an ef#gctive anmount of |igase selected from

ON ligase in the presence of ATP or Taq l|ligase or E. coli ligase in the
presence of HNe AR FRowH 6P H NN, M AM or T epai ri ng
t he damaged gﬁ%g"lbnrbp%e( po %gf’gfﬁl e; and (Fbu;azaddi ng anplification

r eagent sp¢@at8SUTRAE HIAN B, Ther reaticas Was penminated attvarious time

pol yner ase- dependent anplification of the polynucleoti &g i thﬁ?ﬁreeacti on
ni xt ur e. points Aynaddiivaefst yphynes of igensald A&isCsle ‘(‘a?ﬂ's rformed at

a single tenper re. 3. A hod or di i reqhd the
danaged B{ﬂsﬁ@cﬁ e EB‘?I‘E'B&%@‘E n‘éﬁéﬁ ?ng %8@1&&5@%@%@%@%@@ ed from
apurinic Fedicpd, c (AP) bases, mutageni zed nucl eoti des, nodified
nucl eot i ﬁggaﬁp?g%ggllg?aps and DNA- DNA or DNA-protein cross-links. 4. A
met hod according to claim 1, wherein the polynucleotide is obtained froma
nat ural source. ) ] .

Pretreatment reaction to repair deaminated bases

The repair enzyme mixtures used separately or in various

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,
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;

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;

1x Thermopol buffer.

(b)

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

2 units UDG (NEB cat # M0280S), New England Biolabs, Inc.,
Ipswich, MA;



55 5. A nethod according to claim1, wherein the pol ynucleotide is
obt ai ned from preserved biological material. 6. A nmethod according to
claim1l1, wherein the polynucleotide is obtained fromforensic evidence. 7.
A met hod according to claim1, wherein the polynucleotide is ancient. 8. A
met hod according to claim 1, wherei#8t he pol ynucleotide is obtained froma
tissue biopsy. 9. A nethod according to claiml, wherein the reaction

mxture in sty (Mitd B EBFEFRIPYESes a T7 Endo 1 or nutant thereof, 10.
A nmet hod according to claim1l1l, wherein the reaction mxture in step (a)

furt her conprideanisnl gofe Dabe patymerase Iendonucl ease. 11. A nethod
according to claim 10, wherejn_the AP endonuclease is a class Il AP
endonucl ease. 10 ufpts & ﬁé’{’fﬁﬂdoaégordi ng to claim 10, wherein the AP

endonucl ease %@vﬁiggﬁggd fromthe group consisting of a T4 endonucl ease, an
E. coli endon . "Tth Endo 1V, and human AP endonucl ease. 13. A

met hod accor dipg ¢ ahaipg, 10, wherein the AP endonuclease is E. coil Endo
V. 56 14. A nethod according to claim 10, wherein the polynerase is

sel ect ed fronlxAdeanoopolcbuest i ng of Tag pol ynerase, Bst pol ynerase, T4
pol ynmerase, 17 polynerase, E. colt polynerase | and an archaeal pol ynerase
or nodifications thereof. 15. A nethod according to claim 101 wherein the
pol ynmerase i sgan archaeal polynerase and the archaeal polynerase is
selected fro u, Vent(r), Deep Vent(r), 9North, and GBD pol ynmerase. 16.
A net hod accopdimigs Emdol Wi (INEB cabtieid0B0EBS, Newy Eogland BéOladSpNA and t he
reaction mxture in step (a) conprises 1-100 units of the AP endonucl ease,
0. 05- 0. 2EnGnilpswaght M&ipol ymer ase and 5-500 units of the |igase.

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;

1x Thermopol buffer.

(d)
| 1 unit Human Aag, New England Biolabs, Inc., Ipswich, MA;

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;

1mM NAD+;

100 mM dNTPs;

1x Thermopol buffer.

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



17. A method according to claim 10 or 16, wherein the reaction mxture in
step (a) further conprises T4 pyrimdine dinmer glycosylase (pdg). 18. A
met hod according to claim 10 or 16, wherein the reaction mxture in step
(a) further conprises [fapy]-DNA glycosylase (Fpg). 19. A nethod according
to claim10 or 16, wherein the reac#dbon m xture in step (a) further
conprises at |east one of WrA, WrB, WrC WrD and Cho. 20. A nethod

according to ¢l I ' "aGt EQGIThyt Bictabs, Bhep ()
further conpr?jé'z‘g&at&@(ga(gﬁo%%%q%g%%dé@@'ﬁase/Igase sel ected frgmthe
group corgdvichn¢ARf, Endo |11, EndoVill, E coil Fpg, OG3, and T4pdg. 21.
A net hod according to claim 10 or 16 or 20, wherein the reaction mxture in

step (a) furth@® woitpF. swé ERdo d¥st one gl ycosyl ase sel ected fromthe group
consi sting of UDG . A a .22, A _nethod according to claim10 or 16,
wherein the p%HyHE‘t'é‘sé Fgﬁg)'@g%%stgrsﬁ, the AP endonucl ease is Endo IV,
the ligase i Sla%ilt.i: @aqﬁ” Ehgogaction mxture in step (a) further
conprising one or noreé gl ycosylases and one or nore gl ycosyl ase/l yases.

23. A method ageM ¢iAM+to claim 1, wherein the anplification is PCR
anplification, helicase-dependent anplification, transcription-nedi ated
anmpl i ficati onlO6tmahdNITRY| acenent anplification, rolling circle
anplification,or._whole 0 anplification. 24. A method according to
claimi, V\heré?(r;n?%ré“BngﬁHﬁ%Ebti de is a single-stranded RNA and the
anplification is RT-anplification. 25, A nethod according to claiml1,
wherein anplification of the polynucleotide is capable of producing an
anplicon in a(fi ze range of 50 nucl eotides to 100,000 nucleotides in a

nstract: ons. foeniSdauEran 448, Sendiensymetefhelern BRI 8he o «ne
enzynes is sebegted £ 58, v (NEB cat # M0305S), New England Biolabs,
Inc., Ipswich, MA;

200 units E. coli Endo 1V;

0.1 unit E. coli DNA polymerase I,

10 units E. coli Endo 1V;

1mM NAD++;

100 mM dNTPs;

1x Thermopol buffer.

The amplification reaction conditions and amplification

accuracy determination are performed as described in Example 9.

Example 11: Unit Definitions

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

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



froma Taq |lidase, an E.coli ligase and a 9N |igase, the one or nore enzyne
being formul ated for addition to an anplification mxture to enhance
anplification or for use prior to addition of the anplification m xture to
enhance anplification. 27. A corrpo_ss tion, conprising: an effective
anount of a |igase selected froma Mot | igase, an E.coli ligase or a 9N
| i gase; a pol ynerase; and an AP endonucl ease not including Endo VI, the
m xt ure BEsoghdapbpbeedfnienhanci ng at | east one of yield and fidelity of
anplification of a polynucleotide conpared with anplification of the
pol ynucl eotide in the absence of the conposition. 28. A conposition
according to gl-aj 7 { At SAsto i i fiyea
concentrati onétg]%I q}-‘ﬁ‘o'B uni (gd thﬂ@%po yneragfejéi:‘gﬁgﬁgs%n laff@g.bo -0.25 units,
and the lsiggggrydtiorpiofd4int 1l digéS@diirbdarDHAVAEUNDNIDteoMIpi for use in a
pre-anmplification mxture. 29. A conposition according to, claim 27,
sui t abl e chocentpaion af 0112 1000309 PEKN!) Boa RiabHESGIATHN OIS BT ng to
claim 27, wher e'B t he AP enggg clease is a Type |l AP Endonucl ease. 31 A
CoNposi ti2(9n”|a'@cé diigutes @4 4Pm-27, wherein the AP endonucl ease is E. coli
Endo IV. 59 32. A conposition according to claim27, wherein the
polynerase is E. coli poll. 33. A conposition according to claim 27,
further conprising T4 pyrinnidine dinmer glycosylase. 34. A conposition
according to claim 27, further conprising [fapy]-DNA gl ycosyl ase (Fpg).
35. A cofffbendpBHCIRSS dhifg to claim 27, further conprising at |east one of
WrA, WrB, WrC WrD and Cho. 36. A conposition according to claim 27,
further conprising Endo V or Endo II1. 37. A conposition according to
claim 31, fur g (¢wR H&fined Fidehd/ amndunt of easl wrerefulied and Aag or Endo
Il and at | east one of UDG and Aag. o

cleave 1 pmol of a 34-mer oligonucleotide duplex containing a

single AP site in a total reaction volume of 10 uyl in 1 hour at 37°C.
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 pM dNTPs
including [3H]-dTTP and 70 pg/ml denatured herring sperm DNA.

Thermophilic polymeraseuUnit

One unit is defined as the amount of enzyme that will
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 pg/mi activated Calf Thymus DNA.

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



38. A conposition according to claim 27,
39. A nethod according to claim 22, wherein the one or
nore gl ycosyl ase/ |l yases are Fpg,
40. A nethod according to claim 10, wherein the

UDG and t he one or
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| mproved Anplification <130>
/620,896 <151> 2004-10-21 <150> 60/646, 728 <151>

2005- 014 2¢ene Name Activity Accession Number
UNG Uracil-DNA glycosylase NM_080911
SMUG1 Uracil~DNA glycosylase NM_014311

MBD4 Removes U or T opposite G at NM_ 003925

CpG sequences

DG Removes U, T or ethenoC NM 003211
opposite G

0GG1 Removes 8-0xo0G opposite C NM_016821

MUTYH (MYH) Removes A opposite 8-o0xoG NM 012222

NTHL1 (NTHI1) Removes Ring-saturated or NM 002528
fragmented pyrimidines

MPG Removes 3-meA, ethenoa, NM 002434
hypoxanthine

NEIL1 Removes thymine glycol NM 024608

NEILZ Removes oxidative products of NM_145043
pyrimidines

XPC 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

RPA1 Binds DNA in preincision NM_002945
complex

RPA2 RPA1l, RPA2, RPA3 ™NM_002946

RPA3 ™NM_002947

ERCC5 (XPG) 3' incision ™NM_000123
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gcagagaaac agg23 <210> 2 <211> 20 <212> DNA
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Gene Name Activity Accession Number
ERCC1 5' incision subunit NM_ 001983
ERCC4 (XPF) 5' incision subunit NM_005236
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
IV)
SPO11 endonuclease NM 012444
FLJ35220 incision 3' of hypoxanthine NM 173627
(ENDOV) and uracil
FANCA Involved in tolerance or NM_ 000135
repalir of DNA crosslinks
FANCB FANCA, FANCB, FANCC, NM_ 152633
FANCC FANCD2, FANCE, NM_000136
FANCD2 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 NEIL1l and NEIL2 NM_ 018248
ATRIP ATR-interacting protein NM 130384
(TREX1) 5' alternative ORF of the
TREX1/ATRIP gene




<213> artificial <220> <223> prinmer <400> 2 cctgctctgc cgcttcacgc20 <210> 3
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tacactacac agcaa25 <210> 4 Page 1
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NTH Removes damaged pyrimidines NP 416150.1
NET Removes damaged pyrimidines NP_415242.1
NFI Deoxyinosine 3' endonuclease NP_418426.1
MUTM Formamidopyrimidine DNA NP_418092.1

glycosylase

UNG Uracil-DNA glycosylase NP_417075.1
UVRA DNA excision repair enzyme NP_418482.1
UVRB complex NP_415300.1
UVRC UVRA, UVRB, UVRC NP_416423.3
DENV Pyrimidine dimer glycosylase NP_049733.1




NEB- 256- PCT. 5- 125. t xt <211> 19 <212> DNA <213> artificial <220> <223>
primer <400> 4 attacgccaa tcgatcacgl9 <210> 5 <211> 27 <212> DNA <213>

artificial <220> <223> prinmer
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Claims

1. A method for enhancing at least one of fidelity and yield of an
amplification product of a damaged polynucleotide, comprising the

steps of:
(a) incubating the polynucleotide containing one or more

damaged sites with a reaction mixture comprising an effective
amount of ligase selected from 9°N ligase in the presence of ATP or
Taq ligase or E. coli ligase in the presence of NAD?*, in the absence
of Endonuclease (Endo) VI, for repairing the damaged sites in the

polynucleotide; and
(b) adding amplification reagents to the reaction mixture so

as to permit in vitro polymerase-dependent amplification of the

polynucleotide in the reaction mixture.

2. A method according to claim 1, wherein step(a) is performed at

a single temperature.

3. A method according to claim 1, wherein the damaged
polynucleotide contains one or more damaged sites selected from
apurinic/apyrimidinic (AP) bases, mutagenized nucleotides,
modified nucleotides, nicks, gaps and DNA-DNA or DNA-protein

cross-links.

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

obtained from a natural source.



<400> 5 gcacagaagc tattatgcgt ccccagg 27 <210> 6 <211> 25 <212> DNA <213>
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8- oxo0- Guani ne <220>
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5. A method éccording to claim 1, wherein the polynucleotide is

obtained from preserved biological material.

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

obtained from forensic evidence.

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

ancient.

-8. A method according to claim 1, wherein the polynucleotide is

obtained from a tissue biopsy.

9. A method according to claim 1, wherein the reaction mixture in
step (a) further comprises a T7 Endo I or mutant thereof.

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

step (a) further comprises a polymerase and an AP endonuclease.

11. A method according to claim 10, wherein the AP endonuclease

is a class II AP endonuclease.

12. A method according to claim 10, wherein the AP endonuclease
is selected from the group consisting of a T4 endonuclease, an E.
coli endonuclease, Tth Endo IV, and human AP endonuclease.

13. A method according to claim 10, wherein the AP endonuclease
is E. coli Endo 1V.



<221> m sc_feature <222> (18)..(18) <223> mec or a <400> 6 ggggggagag
tttgatcmt g gctca25 <210> 7 <211> 28 <212> DNA <213> artificial <220> <223>
prinmer <220> <221> m sc_feature <222> (6)..(6) <223> 8-o0x0- @Guani ne <220>
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14. A method according to claim 10, wherein the polymerase is
selected from the group consisting of Tag polymerase, Bst
polymerase, T4 polymerase, T7 polymerase, E. coli polymerase I and

an archaeal polymerase or modifications thereof.

15. A method according to claim 10, wherein the polymerase is an
archaeal polymerase and the archaeal polymerase is selected from
Pfu, Vent®, Deep Vent®, 9°North, and GBD polymerase.

16. A method according to claim 10, wherein the polynucleotide is
DNA and the reaction mixture in step (a) comprises 1-100 units of
the AP endonuclease, 0.05-0.25 units of the polymerase and 5-500

units of the ligase.

17. A method according to claim 10 or 16, wherein the reaction
mixture in step (a) further comprises T4 pyrimidine dimer glycosylase

(pdg).

18. A method according to claim 10 or 16, wherein the reaction

mixture in step (a) further comprises [fapy]-DNA glycosylase (Fpg).

19. A method according to claim 10 or 16, wherein the reaction
mixture in step (a) further comprises at least one of UvrA, UvrB,
UvrC, UvrD and Cho.

20. A method according to claim 10 or 16, wherein the reaction

mixture in step (a) further comprises at least one



<221> m sc_feature <222> (12)..(12) Page 2 NEB-256-PCT, ST25.txt <223> y=c
or t <400> 7 ggggggtacg gytaccttgt tacgactt <210> 8 <211> 24 <212> DNA
<213> artificial <220> <223> priner
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glycosylase/lyase selected from the group consisting of, Endo III,
EndoVIII, E. coli Fpg, OGGI, and T4pdg.

21. A method according to claim 10 or 16 or 20, wherein the reaction
mixture in step (a) further comprises at least one glycosylase
selected from the group consisting of UDG, AlkA and Aag.

22. A method according to claim 10 or 16, wherein the polymerase is
a Bst polymerase, the AP endonuclease is Endo 1V, the ligase is Taq
ligase, the reaction mixture in step (a) further comprising one or

more glycosylases and one or more glycosylase/lyases.

23. A method according to claim 1, wherein the amplification is PCR
amplification, helicase-dependent amplification, transcription-
mediated amplification, strand-displacement amplification, rolling

circle amplification or whole genome amplification.

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

single-stranded RNA and the amplification is RT-amplification.

25. A method according to claim 1, wherein amplification of the
polynucleotide is capable of producing an amplicon in a size range of

50 nucleotides to 100,000 nucleotides in a polymerase chain reaction.

26. An amplification kit, comprising: instructions for use and one or

more enzymes wherein at least one of the enzymes is selected



<400> 8 ccatgattca gtgtgcccgt ctgg <210> 9 <211> 29 <212> DNA <213>
artificial <220> <223> prinmer <400> 9 tgtcgatcag gatgatctgg acgaagagc <210>

10 <211> 33 <212> DNA <213> artificial <220>
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from a Taq ligase, an E.coli ligase and a 9°N 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.

27. A composition, comprising:

an effective amount of a ligase selected from a Taq ligase,
an E.coli ligase or a 9°N 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

the absence of the composition.

28. A composition according to claim 27, 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
at 5-500 units in a volume 10-100 pl for use in a pre-amplification

mixture.

29. A composition according to claim 27, suitable for repairing 1-
1000 ng DNA.

30. A composition according to claim 27, wherein the AP
endonuclease is a Type II AP Endonuclease.

31 A composition according to claim 27, wherein the AP

endonuclease is E. coli Endo 1V.



<223> prinmer <400> 10 cgaaagcttt caaggatctt accgctgttg aga <210> 11 <211>
813 <212> DNA <213> unknown <220> <223> Thernus t hernophil us endonucl ease
| V <400> 11 atgccgcgct acgggttcca cctttccatc gccgggaaaa gaggaggcca
ccgccctcgg cctcaccget ttccagatct tggCgcccaa gggccctctc cccggccgag
gt ggaggcct tccgggggcec tccccgecgt gatccacgcecc tcctacctgg gagcetttggg

agaagagcgt ggcgagcctg gcggacgacc
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32. A composition according to claim 27, wherein the polymerase

is E. coli poll.

33. A composition according to claim 27, further comprising T4

pyrimidine dimer glycosylase.

34. A composition according to claim 27, further comprising

[fapy]-DNA glycosylase (Fpg).

35. A composition according to claim 27, further comprising at
least one of UvrA, UvrB, UvrC, UvrD and Cho.

36. A composition according to claim 27, further comprising Endo
V or Endo III.

37. A composition according to claim 31, further comprising Endo
V and at least one of UDG and Aag or Endo III and at least one of
UDG and Aag.

38. A composition according to claim 27, further comprises UDG

and Aag.

39. A method according to claim 22, wherein the one or more
glycosylases is UDG and the one or more glycosylase/lyases are
Fpg, T4pdg and Endo VIII.

40. A method according to claim 10, wherein the polymerase is an

E. coli Y family.



ggggt ggagt
gacacccccc
ccct gegect
tcttcatcct
ggt gggggcg
ct ccgt gggc
cgaggaggcc
gccgcgliga
ggagcggoatg

<120>
<130>

<150>
<151>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

acgtggtcgt ccaccccggc tcgggccgcc Page gccctcaagg accgccgggg
gccgaggacc cccgtggtcc cacctcctcc aaggaccggg cgggtcctca
gcggggagaa tccaggtctg ccttgggggt acctcaacga agggaaagat
gggcct ggct NEB- 256- PCT. cgccggcegtc cgcetccecgece
cggtttgagg cctggacacc tg gacgcc ctggaccggg

ggcct cggaa cgg g%gﬁ%géﬁz accccc aggggaccgg

taa ST25.txt ccg cctcct agctcgcctg acgccgccgg ccgtgggcect
vat Eoytggasdigaggaogec cgt ggagaac gctcgtggcg gtacgacgtg

S
E ato'qggg cccgaggctc ctggaacctc

Chgn,_L1x1n
vaisvila, Romaldus
Guan, cChudi

Repair of Nucleic Acids for Improved Amplification
NEB-256-PCT

60/620,896
2004-10-21

60/646,728
2005-01-24

60/673,925
2005-04-22

11

PatentIn version 3.2
1

23

DNA_ L

artificial

primer

1

cgaacgtcgc gcagagaaac agg 23

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

20

DNA
artificial

primer

2

cctgctetge cgcttcacgce 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

25

DNA
artificial

primer

3

tttttagcaa tacactacac agcaa 25

<210>

4
Page 1



Page 4

<211>
<212>
<213>

<220>
<223>

<400>

NEB-256-PCT.ST25.txt
19
DNA
artificial

primer

4

attacgccaa tcgatcacg 19

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

27

DNA
artificial

primer
5

gcacagaagc tattatgcgt ccccagg 27

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

6

25

DNA
artificial

primer

misc_feature
(6)..(6)

8-oxo-Guanine

misc_feature
(18)..({18)
m=c or a

6

ggggggagag tttgatcmtg gctca 25

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

7

28

DNA
artificial

primer

misc_feature
(6)..(6)

8-oxo-Guanine

misc_Teature
(12)..(12)
Page 2



<223> y=cC
<400> 7

or t

NEB-256-PCT.ST25.txt

ggggggtacg gytaccttgt tacgactt

<210> 8
<211> 24
<212> DNA
<213>
<220>
<223>
<400> 8

artificial

primer

ccatgattca gtgtgccegt ctgg

<210> 9

<211> 29

<212> DNA

<213> artificial
<220>

<223> primer
<400> 9

tgtcgatcag gatgatctgg acgaagagc

<210> 10

<211> 33

<212> DNA

<213> artificial
<220>

<223> primer
<400> 10

cgaaagcttt caaggatctt accgctgttg aga

<210> 11
<211> 813
<212> DNA
<213>

<220>
<223>

<400> 11
atgccgeget

gaggaggcca
tggcgeccaa
tccgggggcc
gagctttggg
ggggtggagt

unknown

acgggttcca
ccgecctegyg
gggccctctce
tccecgecgt
agaagagcgt
acgtggtecgt

Thermus thermophilus endonuclease IV

cctttccatc gccgggaaaa agggcgtgge
cctecaccgct ttccagatct tcgccaaaag
cccggcecgag gtggaggect tccgegectt
gatccacgcc tcctacctgyg tcaacctggg
ggcgagecty gcggacgacc tggagaaggc
ccacccegge tcgggecgee ccgagegggt

Page 3

€ggggcggtg
ccegeggagce
aagggaggcc
ggcggagggy

cgcectecte

Caaggaaggyg

28

24

29

33

60
120
180
240
300
360



gccctcaagg
accgecgggg
gacacccecce
gccgaggacc
ccecgtggtec
cacctcctcc

aaggaccggg
cgggtcctca

ccctgegect
gcggggagaa
tccaggtcty
ccttgggggt
acctcaacga
agggaaagat

tcttcatcct

gggcctggct

cgccggegtce
ggtggggged
cctggacacc
cctggacgcec
ctcegtgggc
€ggggagggyg

ggaaaccccce

cgaggaggcc

NEB-256-PCT.

cgctececgec
cggtttgagg
tgccacgect
ctggaccgdag
ggcctcggaa
ctcaagcgceg
aggggaccgg

taa

page 4

ST25.txXt
ccgtectect

agctcgectg
acgccgecgg
ccgtgggect
gccgegtgga
tcttcttgga

aggaggacgc

cgtggagaac
gctcgtggeg
gtacgacgtg
ggagcgggtg
ccaccacgcec
cccgaggetc

ctggaacctc

420
480
540
600
660
720
780
813



