.~ 1 TWO Dl MENSI ONAL STRANDNESS- AND LENGTH DEPENDENT SEPARATI ON OF
NUCLEI C ACI D FRAGMENTS Field of the invention The present invention is in
the field of- screening sinple and conpl ex preparations of 5 nucleic acid
fragnents (DNA, RNA and DNA/ RNA hybrids)? The net hod separates single- and
doubl e stranded fragnments, in a | ength-independent manner. Wthin each
group fragnents are separated according to their length. After the
separation, fragnents can be isolated and further characterized. Exanples
of appl i cabi | TWMD-DIMENSHNAfLS TRANDNESS: ANTY EENGEH-DERSHERTI on of
renaturation | Sl r ex 10 nucleic acid sanples, 1) detection
and isolationgﬁéAqgﬁﬁRﬁ¥géﬁgﬁigﬂﬁéé¥:Q%ﬁﬁéﬁﬂﬁﬁﬁmﬁbIe-stranded breaks, 111)
estimation of the anpbunt and the length distribution of both single- and

doubl e- st randpﬂldrqﬁilﬂn%gﬁj”gs i n biological sanples, V) quality

assessnent of nuclerc acl
vitro anplification products, and VI) estimation of eDNA synthesis

efficiency aﬁﬂﬁﬂi&_enﬂiﬁv&?ﬁoﬁ"i@ﬂﬁtlﬁe ﬁgld%é%aér:s\(%gle?ﬂ%\(}: cﬁgm@?@g@?&%ﬁoﬁ 8f es.

Background of the invention Nucleic aci ng to

their strandrgsiic acigt agmmntnd)NA, BNAgud DNARNA hiydsyi Tigl method sepdetks(Ss) or
doubl e- st Lecul es.. .RNA nol.ecul es . t often. .. .
S ol o ot r andaip i ol eriRa bty 15F 1eagR-nirgrmdicraeer (Wibincsgh ¢ 20

i n i ntra- stragoudiyphnenesare teglidtéeiepidilg 10 diir INAL MARE e GSpMiRmusual |y
doubl e- stranded, where the strands are conpl enentary, and torm a double

hel i x. Doubl gragmeptssarbe wolated andfurther charecienized. Bxamples ofiepplisabiléyer si bl e
non- coval ent L Mt ds. The reversibility of
conpl enent ar y]hﬂl{“ﬁe(rﬂ ?ﬁga&é(;}f{btr% g%'ttég?@’ ¢ F‘t&nﬁtﬁé@ro;f%%%&%%u% %ﬁflg{m% {S’F complex
sem - condér vatucle acEpkinphdsi Hpdetctiohand aoktibe oD fragmeans ifhpsontsin geNE
expr essi on. Anall yses . n %L;%cg@ci ds-of in vitro often rely on their

, a

strandness. FHE %ﬁﬁ? : reéﬁ%‘ﬁ‘?mb‘?fq‘ee%‘_?‘lﬂt&{lﬁigﬁlP L diseribatien a€i ds
depends on t Rtiodhdié-land dBuHRMrkRdedldiBleictdc R $ Bfo?a%ﬁap ?a:&ily]ﬁg{,'gnguaﬁﬁy

doubl e-stranded form Further, due to the reversi
assessment of nucleic acid preparations including PCR products and other i vitro

amplification products, and VI) estimation of cDNA synthesis efficiency and the
15 existence of RNA:DNA hybrids in complex mixtures.

Background of the invention

Nucleic acids can be divided, according to their strandness, into two major groups
comprising single-stranded (ss) or double-stranded (ds) molecules. RNA molecules
are most often single-stranded, but the local folding of the. polymer chain can result
20  inintra-strand duplexes of different kinds. DNA molecules are usually double-
stranded, where the strands are complementary, and form a double helix. Double-
stranded nucleic acid molecules are formed by reversible non-covalent interaction
between the two strands. The reversibility of complementary binding of nucleic acid
strands is crucial for semi-conservative replication of the genetic material and for

25  gene expression.

Analyses of nucleic acids in vitro often rely on their strandness. For example,
measurement of renaturation for nucleic acids depends on the ability to monitor the

transition from single- to double-stranded form. Further, due to the reversibility of

preparations including PCR products and other in




t he double-helix, in vitro conditions may facilitate the conversion of
doubl e-stranded nucleic acid nolecules to single-stranded nol ecul es, or
vice versa. Renaturation is an inportant step in many different nethods of
nol ecul ar biology (e.g. hybridization, CR and cDNA nornmalization). It is
therefore of great inportance to have sinple and 5 efficient nethods to
estimate the,sty of .nucl eic acid.preparations.. A f.ew. et ho have
been descri b%lg dtogﬁg&%?%az FEREGIBIN TS fgcflgg%é%a?oé‘tvgﬁ’iogng?‘g’qg’sgan%%d

si ngl e- st r anaiedeiaacid doslbdudessd siaglddanded|rolscudss, BiSvits RRAReMIRIagYn (a4t Ur e of
both. During denaturation or,_renaturation the transition between single-

and doubl e- SEROXRBEHCR Brmanydifferset methrdsaiaeplegplashicles (g Brakigasionn LV
| i ght absor ppeaRNEYD ha: Ay ' natL Q: to
green fluorescence oﬁlggé@]ﬁlg%ogggﬁ%kgﬁﬁé%ﬁ %fﬁ%aﬁ?&%orﬁé@%ﬁosﬁgﬁy rlleg éj and
doubl e- stdr aneféidientmkthods tocdstimatedbe tttandnasa bl mucdis acid gespenatienson f act ors such
as salt concentration and dye-to-nucleic acid ratio (MMaster and

Carm chael 1977, Spanp, Bonde et al. 2000). These two nethods only allow
estimation of feWansthedsdane peraalssarived iy ergimate thp gmauuisr éo ssppmtediselateor ns, but

15 they canngl.b&uHsed aﬁmﬁrdom%-ﬁrﬁﬂle%ﬁﬁagirc%[’:{dg Bo n%cgn;p%)ﬂn!i)&&eogf ekt her
fraction. They can also not be used fo analysSe thé associ ation ween
strandness aburihgdgtabrafiomercbmitiratiacthed trhndjorebdteedmsingdeming opblepar at i ons.
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stranded fraction isolated based on the stTong roxyapatite binding may
al so cont aitefleetathedaveds ofminglerand davhie-atranded nngjeie-asids duidbis ratio alsorpl et el y

si ngl e-stran u i th local .foldi .resulti in fornatj.on of

doubl e- st ran%g’gmgstérnu%ﬁg rsesélcgés. s&.‘ﬁ?ﬁ?@%ﬁﬂ%ﬁ and ‘hﬁ%gﬂgﬁ@m&ﬁ 844t i on of

si ngl e- st r an@iéeMagiel MidCaaidiseli1972fIpano, B@de bPal 02 G00). THe SRR mB@baeen

si ngle- and ,(gﬁubl e-stranded forns in a conplex mxture of both. Here only

25 the doubl ¥UE HoW gemationafitiratio hetheen thesingle@nd dauhle-standed Sorms; but

si ngl e- stsr a j j W I - Ster tures such
255t om Toopey et bbb AR ool T Dl e B b e o

non- speci f i cilsomat be usetbtoldnelyss thanskediatioe betiveen geindtesa bl Rhgib ofinakleld and
degraded to varjpous extents. None of t met hods descri bed ahove provide
any direct i%({,ﬁﬁ%ﬁ%ﬁuﬁy&ﬁlﬁm@pq@}p&fﬂfhwogg ghrgisresce of Aibde-st r anded
or doubl e- stgwapsiagieleh@CmRkichdidsds bi@dRyaphktelai®ls the physical separation of

single- and double-stranded nucleic acids (Sambrook and Russell 2001).The double-

20  stranded fraction isolated based on the strong hydroxyapatite binding may also
contain fragments that are partially single-stranded or completely single-stranded but
with local folding resulting in formation of double-stranded structures (e.g. hairpins).
Nuclease degradation of single-stranded nucleic acids is often used to discriminate
between single- and double-stranded forms in a complex mixture of both. Here only

25  the double-stranded fraction can be recovered and it may contain single-stranded
nucleic acids with local double-stranded structures such as stem loops. A major
limitation of nuclease degradation is the non-specificity i.e. double-stranded nucleic

acids are also nicked and degraded to various extents.

None of the methods described above provide any direct information about the length

30  composition of single-stranded or double-stranded nucleic acid fractions. Further,




3 only the hydroxyapatite nethod allows isolation of both the

singl e-stranded and doubl e-stranded nucleic acid fractions.

Doubl e-stranded nucleic acid fragnents QfSO bp) generally have higher
mgration velocity than their single-stranded counterparts in

pol yacryl am de-gel electrophoresis 5 (PACE). Therefore, double-stranded

and single-stranded .fra nts of _.equal. lepgth.w.l] marate differently and
resolve in O%Yg?eﬁ%ﬂ%qxé’%%l%teeﬁ%@?ﬁﬁﬂﬁ%srléglﬁggn Fhiod %IS]‘n%iTwﬁ‘{)ﬂ@onenon has
been utili zegyivk-8rdeEREMIOBEd BAESsRDUP] ex/ si ngl e- stranded- conformati on
pol ynor phi sns net hods (Ravni k-d avac, G avac et al. 1994; Sainz, Huynh et
al. 1994). Al one-dinensional el ectrophoresis nethods based on 10

st r andness- dBpebidetrinded paclaiciaonl feagmenisiF-6@tip) gensmliphae ligkr mignatiedn only a
few nucleic. acid fragnents, |If anp)] e cont ai.ns ny, nucl.ei.c aci d.
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popul ation o oubl e-stranded fragnents cannot be resolved fromthe

popul at i on owilkmigyhte-differentbicand resolivpinene-dimpepsipnplalectmophorasis. Jdiswele use of

gel electrophoresi,s to nonitar . Skl n . el id
preparati onsi.gn% Wg&gmpg nnféaésg)g?%{@r%hinﬁggm Z%sz? Jdn]%%lqg(#@)feam c#lgkg%nﬁ%ﬁt s from
a conpl ex N yénféenation pelin@iphifgs methotl§ RavnikeGlanas Glandersals 194y Bainbe of

great interest. Such nethods would be_ nuch re versatile and powerful if

they coul d bEupRieet al-d 98 itk sebmsnsionsh clepronhoresisanrihads 12884 9% ut i on of t he
ingl e- and - tr et , ,
singl e- afn g?@rqg%g.ggg%nu%}gﬁgéggﬁquéﬂ &8 g 0 L%mg %ﬁt coMA8{ Gul§ 4 edw et hods

coul d be use not ted to: ysical Separation of
si ngl e- st r andedeiancdd dmghieatssi aaanpld coneinsingany aiudsicfachigfementsadflditfirant,

guantificatiopon or .isolation of ei.ther class, Il estimation the relative
anount and feélﬁé‘ﬁﬂo?ﬁ g?LHl%gﬁ'arngﬁg%tpgtggt{tﬁmgyﬁgpggrager@d@gﬁ%ﬁipe‘yﬁl PAEEd nucl ei ¢
acids in bi oliggleGabndea BSand thithé Bl RARA HotH]e-beirled fakeits ki net i cs
by tine-point analysis, | i sol ati on of doubl e-stranded nucleic acid

fragment s copamichbergselvedyfremshe peridation od siegle-sandadsiageatio ls has | nt act
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estimati on ohciaphpasyiohdiesi s ef ficiency and the existence of RNA: DNA
hybrids in

Methods for separating individual nucleic acid fragments from a complex mixture
based on their difference in strandness would be of great interest. Such methods
would be much more versatile and powerful if they could be used to simultaneously

20  analyze length distribution of the single- and the double-stranded fractions. Examples
where such methods could be used include but are not limited to: I) physical
separation of single-stranded and double-stranded nucleic acids fragments allowing,
quantification or isolation of either ciass, I) estimation of the relative amount and
length distribution of both single- and double-stranded nucleic acids in biological

25  samples, III) measurement of renaturation kinetics by time-point analysis, IV)
isolation of double-stranded nucleic acid fragments containing single-stranded breaks
from bulk amount of intact molecules, V) to monitor quality of complex nucleic acid
preparations including PCR products and other in vitro amplification products, VI)
estimation of cDNA synthesis efficiency and the existence of RNA:DNA hybrids in

30 complex mixtures, and VII) to monitor efficiency of labelling complex nucleic acid

samples.




30 conplex mxtures, and VII) to nonitor efficiency of |abelling conplex
nucleic acid sanples. 4 GCenetic information is encoded by the |inear
sequence of bases in a nucleic acid strand. The term "strandness" of
nucleic acid nolecule is herein used to describe the nunber of nucleic
acid strands are in each nucleic acid nolecule. A nucleic acid strand is
conposed of Linear. coval e l.L nked pol v-nu otd . r ently 5
nucleic acid ﬁgi%&ﬁ@gg&ngéé%ﬁg%%gyg?&%ﬁ%@ﬁﬂgﬁgﬂﬁﬁgg%}%?$§%E%HE§£erein t he
doubl e- stragged. TRt feml“Srimintar GRaudkic heil efofdchleds hatrrusel exddsarbdtiielr ogen

bondi ng between two si.ngl.e-stranded nucl ei¢ acgid | ecul es.. I n Sone cases

nucl ei g aci oERbEr |9E NYRkEE 91§§F?Ié§d’é‘?jméaé? mﬁkil?)i“éé H@ﬁ%%@s )Mm?}ﬁfﬁla{’@ s. As

used her ei N LbadhedndS Ot ARER LAAlenfif RAKIIBE-hitfofiabaliod bttt ur e of
nol ecul es. 1de

nucleic 10 acl . ntical” singl'e-'stranded nuclei c acid
mol ecul es5 canudieiv ecid ardleules att sikgle-evrandadroir dowhie-swansied wdierain theglouble-

it raimol ocul SrSHLBRRENy TORHEY b Beie '
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g. . Di.fferent lo

pelotp iR Bidne berest  can
al so af fect gEndiRfEBEL@RA nheBRacRUAH6iléS h esaetasad srldiahtideasds multe t erm
conformational differences as used herein. Conformational diversity is nuch
nore 15 consstrandedelgi tiplddgbkes erquanieted of nucl eic acids. Al t hough
strandness can affect the overall conformation of nucleic acid nol ecules, "

current nethqds tq separate . nolecul.es, accqgrdi,ng.t.o nforjation cannot by
used to sepa?\ét“ée IR | eqnormatipyy” g QQ?FQ??&%%? iShge e%‘fl}uﬁ% ess.

The i nveqy or g:i8 ffechle8VideHdal sBENEIHARESM MicRIViCRA6REHS 8in HEERadoust wo 20
di nensi onal conformation dependéent el ectrophoresis (2D CDE) (see, EP

1476549) .  THiferant bodormations desio: g titeamaléculis bdregen baandinecrmoNpldingagnent s

according to.their . conformation as we|| ik he . '
therefore noP @ﬁﬁté%qagmpgngzegg 5?%08% 5%‘%%%1%&%%66% glﬁg ﬁé@g@g&fdgt
desi gned f or caonéaffet topfeimationsicate Qivhdifftendsds siso flllnaddethenerel ei ¢ aci d
nol ecul es. Further conformational differences of, douhl e 25 stranded

mol ecul es ar eonferanatiopal shifieraece as Bsqditril dCRRIPTATODHLYSTFEY ISARIREMTSBN of 2D
CDE whi | t - } : &N i
s SO SelE oeibin

elimnate ntor mat |
doubl e- st r andegtall cardfoinmtion of nucleic acid molecules, current methods to separate

molecules according to conformation cannot by used to separate complex nucleic

acid mixtures according to strandness.

The inventors have previously developed a physicochemical method, two-

20  dimensional conformation dependent electrophoresis (2D-CDE) (see, EP 1476549).
The method allows separation of double-stranded DNA fragments according to their
conformation as well as their length. 2D-CDE is therefore not suitable for separation
according to strandness as it is designed for conformational separation of double-
stranded nucleic acid molecules. Further conformational differences of double-

25  stranded molecules are ideally enhanced or induced during the first dimension of 2D-

- CDE while strandness-dependent separation should ideally reduce or eliminate
conformational differences within both single- or double-stranded fractions

respectively, to ensure separation only according to strandness and length.'

Kovar et al. have described a method for “Two dimensiona] single-strand

30 conformation polymorphism analysis” (Kovar, Jug et al. 1991). The first dimension




respectively, to ensure separation only according to strandness and | ength.
Kovar et al. have described a nethod for "Two di nensional single-strand 30
conformati on pol ynor phi sm anal ysi s" (Kovsar, Jug et al. 1991). The first

dimension 5 is carried out under denaturing conditions in order to prevent
folding (all double- stranded DNA nol ecul es are made single-stranded). All

fragnents are therefore i ngl e-stranded_an 1 grat I ording to
length as tHhé cmgto&f%c}eﬁgena icf)f’(g G SE estrp%lg’fe %ﬁéﬂ%@ﬂggﬁ %?L?rbg‘%i onal

vari ation ofgeaghi PNOeteshleandathds upRisiranded)i dlindgeeutsere fhaefdrer st
dinmension is carried out in a capillary electrophor esidznﬁg%%tem After the

first di menssinglershandednd migmptegengigaetording to lengthgs thy n,

Benat urating
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During the sécond dimension el ectrophoresis a cleit acid nol ecules are
si ngl e- st r agsié ehobecuien THedirétidimensibmie oaiied ouCine dapilleryelecbrleesis ur at i ng

agents in the secondq 1 i mensi on the singl e--stranded .no| ecul es can adapt

various conf SFHEE| ?Tgﬁg“[{ﬁ%m@é?ﬁégeaﬁpw%ﬁllmw E?@Sr"BJPnagn 5 bot h

fol d-back Co&%rﬁhﬁﬁﬂﬂ'. J 1ARA14R10 B mAiR 1B hBAgbnt4 38l dexeyRirediofysken.used to
gl e-

Separate sin an oubl’e-stranded |inear nucleic acid nolecules. The

met hod onl y Butinghesepandatinensicredentttiphoresis alinpeleicasid melpeples agmeinglen| d- back

conformation of single:stranded fra nt s. L AV, j The

o esent i nvertigRe B BPaEET HEEoire Eoed Rk pEagHERink ottt BHERLLRARA

| engt h- dgpengdpminsionaRagiatlbiaied MtléRies cas adaph vadpus eoisfolastiods end thenovel

t wo- di mensi onal (2D) _ﬂel el ectrophoresi s system ,Thg%vmétﬂi nsi‘gﬂcﬁ

strandness- saparationgrii byepeondias to beth delfrhaginsendermiation eppien dqgl??? f or

whi ch the acr i i AL i iCiadi
C%{(}Htg)\é%’%f %ﬁlﬁe éﬁ%ﬁesg%%ﬂe %ln%ie— 204 460L BB Mitdafhicl &6 iadid

fragments bas strandness in one dinension but only
accordi ng t omosegles. The trie¢hodeniyadlotisrsepsation actodingyte differdnt lengtipasl e of
separating a ulatign of, single-stra fragments froma popul ati on of
doubl e-stran&gg‘%ﬁ?lé ?W?“Pﬂogglegﬁﬁ?‘@&gi eé‘%of both and al | ows the
determ nation of the | ength-distribution within each popul ation. The system
further provi des th tjon of isolating either or both fractions. An

i deal ZDféDESEW%%?%S‘[I)e?%Pgr ably based on a single gel-nmatrix elimnating

t he

The present invention provides methods to achieve strandness- and length-dependent
separation of nucleic acid fragments based on a novel two-dimensional (2D) gel
electrophoresis system. The two-dimensional strandness- and length-dependent
electrophoresis method and system (for which the acronym 2D-SDE is used herein)
20  separates nucleic acid fragments based both on length and strandness in one
dimension but only according to length in the second dimension. The system is
capable of separating a population of single-stranded fragments from a population of
double-stranded fragments in a complex mixture of both and allows the
determination of the length-distribution within each population. The system further_

25  provides the option of isolating either or both fractions.

An ideal 2D-SDE system is preferably based on a single gel-matrix eliminating the
troublesome transfer between two different gel-matrixes. A physical or chemical
factor can then be introduced (or removed) after the first dimension to affect the

strandness of all nucleic acid fragments in such way that all molecules migrate in the




troubl esone transfer between two different gel-matrixes. A physical or
chem cal factor can then be introduced (or renoved) after the first

di rension 'to affect the strandness of all nucleic acid fragnents in such
way that all nolecules mgrate in the 6 6 second di mensi on el ectrophoresi s
in the sane | engt h-dependent manner, independent fromtheir original
strandness in the origjinal sanple, Many chem cal factors have been reported
to affect thecond dimpnsion cloetrophoresisdn fg sgmedengirdencadent manpey; denspderiot
limted to (AT & APERELS : 1.de, urea, 5 and DVBO. Physica
factors sucﬁﬁggiyé%§%$§9Ure %%ﬁggﬁgimﬁgﬁggg%ﬂgtbnbinations of both

chem cal and physical factors are often used to ensure effective

denat ur at i ONManyeBerpRbINaciorsMavé BenireeRE kOAfA thelberaidiehd thutRidusd ei ¢ acid
fragnents obtained from_different sources and they do not require any
speci al pri ofagaeity drguding bemot Hmitgd éq denaturigg pgents Bighanfosmamederisapy esent

i nvention pravi : Q.1 { texts
such as ght %g%ﬂﬁ?ﬁ?ﬁgﬁ&?gﬁgﬁ%ggﬂég%gglwggggﬁg??§§q§%@§?E%%@@%@Fgﬁﬂﬂd and
doubl e- st r ansthdhemichbandd physidal ffaciomere cfiealusaloregsura affedtive datdtamtiemd/ or

i solation of either one or both classes, Il) estimation of the anmount and
| ength distribution of both single- and doubl e-stranded nucleic acids in

bi ol ogi cal sEhpmsthods pf the ipgntiereeante appliadtiomanigionckt frapmeafsitaiped frony)
Lol ot iy U e ) AL _
ot e ot r andiL gl SORLLANY Ay P Eh R by SEAUTRRS B SRR M B v o

qual ity of casigliegmente] ei c acid preparations including PCR and other in
vitro anplification products, VI) estimation of cDNA synthesis efficiency
and the existence of RNA:DNA hybrids in conplex m xtures, and VII) to
nmoni t or ¥ f i Theprsyent 2oveption prowides geperad methods that ta ke wadripl disferemheoniexthod of

the invention utilizes.a .navel. two=di nensi.onal .st.,rapdness- dent

el ect r ophor e¥1% agbgfg%lwﬁ%ébég Pﬁ%(f%hcal frearPR P %Pﬂ%ﬁgmbaﬁ, a@?ﬁ‘g‘% <" and
doubl e- st r anglethdeddadi€ic cidFragnichR AMBWirE @intefitatibn kel iSolBii@ Getthat one
different rates. After the first dinmension separation, the gel-matrix is

Ej reat ed wi t horb@hglastes) astimation pidhe ampunigad dengtindistribationygl hogrsinglee
Lod ) \ e ) . g
enat ura 'O%éfaéﬂlé!ﬁaé‘& ALAQ0 heif ﬁ]ﬂeiﬁio ai%&gfeglggﬁ;‘eg%{&%ééﬁg? acl

nmol ecul es. secon Imension IS un pr icular to the
15  renaturation kinetics, IV) isolation of double-stranded nucleic acid fragments

containing single-stranded breaks from bulk amount of intact fragments, V)
monitoring quality of complex nucleic acid preparations including PCR and other in
vitro amplification products, VI) estimation of cDNA synthesis efficiency and the
existence of RNA:DNA hybrids in complex mixtures, and VII) to monitor efficiency

20  of labelling complex nucleic samples.

The method of the invention utilizes a novel two-dimensional strandness-dependent
electrophoresis system (2D-SDE). In the first dimension, single- and double-stranded
nucleic acid fragments of equal length migrate at different rates. After the first
dimension separation, the gel-matrix is treated with a physical and/or chemical agent
25  to allow complete denaturation (strand-separation) of the double-stranded nucleic
acid molecules. The second dimension is then run preferably perpendicular to the
first dimension. Running the second dimension at 90° to the first dimension offers
greatest resolution although other angles could be used. In the second dimension
nucleic acid fragments are separated only according to their length because they are

30 now all in the single-stranded form.




first dinmension. Running the second dinension at 90 to the first di nension
offers greatest resolution although other angles could be used. In the
second di mension nucleic acid fragnents . .are separated only according to
their | ength because they are 30 now all’ in the single-stranded form 7
The 2D SDE systemresults in the separation of all nucleic acid fragnents
based on thejr dness. | n each popul ati on of_ single- and

doubl e- st rang[glg zr?i}déﬁ |538t5@ir8§u?tsé?ﬁ‘e s??%iﬂ?é‘rﬂf Lapvglecaasit agmernischegrdivmg t o
their | engt h.thdt graatihes. MeheCpdguiodlof §infBl fid &ubRIIEdaialEhia %,911
fragments are_the sanme in both dinmensions, as local 5 Intranolecufar
secondary st AREIGRESrosepaatngl ascardingria dimenglls iMigaation. veloaiive of singlee
mnimzed in i i ' uts.in formati qn of a di agonal
line of nuclsjéer?tglegahglte%cf%é@n@?ﬁ%&é J\%g}?eys{a%#é%t&d;mf’%?ma?s °&'ngl e- st randed
in both dfnerstrapmieculavisgeatdynsivediesiof yingl-stutddificRed sid HAGHEM ot hat are
originally dqub e-sirgggggﬁt@ di fferent between the two dinensions

(doubl e- st r affEd AT etony s respids o) fognatiap afe diagoaslilinglof f ast er

t han t he singhéeit eﬂw@ﬁnggtg(;fa;ah' Qﬁg i j 16 nd) ... Th di fference
inrelative m _g?a_tai on velocity is %ﬁ%@ﬁh%é%ée%oéggﬁiﬁﬁ?s d‘?t%lﬁg’geenﬁ'cogs'r esults
i n formati on Migratien yelecity of nideis egid fiapmenit tatmendighlaty ddublekicadiet he

di agonal i ng;: riginal L.y si.ngl e-stranded nuycleic acid fragnments.
After separ at%|1 fgefﬁ?nttggﬁe Hﬁ% @YOC&IXJ&}?I@%@%%W&WQW%H@ ¥elAcilyan deakist £ i ed
in the géd olfs rekilvelly€skterharSihe gingtesdt: g S/ A r&gjgﬁp mgrate
essentially y according to t.hgir length in I%}X%Efﬁf?ﬁhfﬁg ge ‘tgglﬁt ains a
denat uri ng c HEFTSE MEplativemiggtion iveloeiy 1836Hﬁﬂgﬁepe@dme'l’his diffepamce Fegultexanpl e,

urea strongl : C ‘ s af .ss . fragpents .in PAGE

(Vi ovy 2000)?&“‘}'3 | ?‘ﬁ”@%ﬁ%}%ﬁ?&ﬁé Sé#%%%%ﬁé r%ﬁé’é e@@?’ﬁ%hea‘g%ﬂ’gauﬂeéﬁnents is
used in comthe crigiably Gingde-stfanibimsdeit etid ifagmehs A8 feiSdfia b Bbihi BRI 20
ssDNA fragnent.s .behave. as. fl exi bl e I%gear pol yel ectrol ytes, allow ng

separation A¢¢SPERAY fartions candifgirnished in dbewsil e isolatedTi nl and, Per nodet et

al. 1996). Although the addition of a denaturating chem cal agent, such as
urea, sti{opngky er_%l% I tryct.ures of sjngle-stranded nucleic
aci ds fragnent g] ' ougﬁl-lécg%?g%gé% RGHE agra celsﬁenlt‘PJ&@ @ecadipe fteenat ur ed
(strands sepkngthed PAGHE ifithé gei@ontali@ a denaturing chemical agent in sufficiently high
concentration. For example, urea strongly reduces secondary structures of ssDNA
fragments in PAGE (Viovy 2000). This behaviour of single-stranded nucleic acids

fragments is used in common techniques of DNA sequencing. Under such conditions,

20  ssDNA fragments behave as flexible linear polyelectrolytes, allowing separation
according to the length of the molecule (Tinland, Pernodet et al. 1996).

Although the addition of a denaturating chemical agent, such as urea, strongly
reduces secondary structures of singie-stranded nucleic acids fragments, double-
stranded nucleic acid fragments are not denatured (strands separated). Therefore, the
25  addition of a denaturing agent allows both single-stranded fragments and double-
stranded fragments to migrate essentially according to their length but not with the

same length-dependent migration factor, i.e. single- and double-stranded fragments

of equal length do not co-migrate.

30




25 addition of a denaturing agent allows both single-stranded fragnments and
doubl e- stranded fragnents to mgrate essentially according to their length

but not with the sane |ength-dependent [gigrati on factor, i.e. single- and
doubl e-stranded fragnments of equal |engt’h do not co-migrate. 30 8 Brief
description of the figures Figure I. Fluorescent imges of 2D SDE anal yses
from Exanple 1. The stem was used to separate single- and

. 2D- S S
doubl e- st r andedefHBCHR ﬁ{‘%}clgwéf’ﬁr esenting the 2 phage genone. 5 1A
Cy5-1abel ed (green) DNA fragnents were untreated and thus renai ned doubl e-

stranded whi | 0., S} - ded

Form  Douol d1geh PRS- Eob LARIRESD. P SpdROTSL I Sl e SR

si ngl e- st r andestefurved)used toagpeatt Single arddeubi-agndal DNiARagmenfepar at i on was
perfornmed in 10% PAGE containing 7 Murea. 10 1 B: Both the Cy5-1abel ed
fragments anaem?@nrla&&eéophag@gmes were denatured to single-stranded form
and co-mgrated to forma yellow diagonal line 3. 1 C Both Cy5- and

3-1 abel ed r n wey eft untreated and, co-mgrated. to forma
Vol T ow ars. a1 GRaRPeird Geth b SRS SOt SRR Pt doabige
expect ed for sehidHdariSied @pdaseltdladhadiRetetendited td‘@ﬁ%&!%ﬁﬁn&édkf@}d. due to

partial 15 reannealing of denatured doubl e-stranded | fragnments in the
syst em bef or daubte-strraderthgratnhBaghens irmed popieds while singleistrandeddréddn was not

seen Wen th X i drent s repeat ed conducting.the . se Lensi on
separ at i on m&a%g{é%%@e&at&g%o&%ﬁ%e%ﬁ? a&"%W“%P%@?B?&‘é%W%ﬁ%‘g‘E of 2D SDE
gel anal yses c@ﬁtaﬁﬁﬁgtvl\,{)ﬁlféa_i n Exanple 2. 2D SDE SDE was used to separate

si ngl e-stranded DNA and doubl e-stranded DNA fragments 20 representing the
human genone. 2A: A pool of untreated (doubl e-stranded) Cy5-1abel ed (green)

genom ¢ DNA 1B: Sptethe Cyadabelehiagmentts @A y3Habeé¢tllagmendy wererienatoreDi
f t . elect d. Single- d f t d) f d
2 i agonal 1 PMETEEICN P Ed AR BURH PO ASUMCCQETRRRBSONA {1 agment 8-

(green) that -forned an arc 5.
1C: Both Cy5- and Cy3-labeled DNA fragments were left untreated and co-migrated

to form a yellow arc 4. A small fraction of DNA fragments migrated as would be

expected for single-stranded DNA fragments. This was most likely due to partial
15  reanmnealing of denatured double-stranded DNA fragments in the system before the

éecond dimension electrophoresis. This fraction was not seen when the experiment

was repeated conducting the second dimension separation was at 55°C (not shown).

Figure 2. Fluorescent image of 2D-SDE gel analyses as described in Example 2. 2D-
SDE was used to separate single-stranded DNA and double-stranded DNA fragments

20  representing the human genome.

2A: A pool of untreated (double-stranded) Cy5-labeled (green) genomic DNA
fragments and denatured Cy3-labeled (red) genomic DNA fragments was
électrophoresed. Single-stranded DNA fragments (red) formed a diagonal line 6 and
were separated from double-stranded DNA fragments (green) that formed an arc 5.

25  2B: A pool of denatured (single-stranded) Cy5- and Cy3-labeled DNA fragments
was electrophoresed. All DNA fragments co-migrated in a single diagonal line 7,
which shows as yellow in the original gel.




25 2B: A pool of denatured (single-stranded) Cy5- and Cy3-1abel ed DNA
fragnments was el ectrophoresed. Al DNA fragnents co-mgrated in a single
di agonal line 7, which shows as yell ow {)jn the original gel. 9 2C Both
Cy5- and Cy3-1abel ed DNA fragnents were tntreated (doubl e-stranded) and
co-mgrated to forman arc 8 which is colored yellow in the original gel.
Figure 3. Fluorescent ima%e of an EtBr-stai ned PACE gel from a 2D SDE

anal ysi s usét’ Pethdararad CyBuphpleddoms diagmegtsere romamdddablesteprdedni xt ur e
f 14 f ) ; i i | 3. A274
o 1 ong PoR EidonafBe{Eadt (hful £ W oSSRy MBI, © Jel 6t on

in one allele of exon 11 in the GCKkit gene. The PCR resulted in formation

of two bul geFggurt 3 Fliubg:sbé: ahauThe KeSr-stanet PACH RIREMR BXSDE ahiRsRCR
product was m xed with sanple of 14 perfectly matched DNA fragnments and

separ at ed usi$fg§ to penarte bylgs-conisining heteseriiplexed fomo mipgure of 14gpa&stlyn fi gur e)
i ted & i f
Oy Pabet S BB DNA Baehlchis] RREIENN Wil BYA DTS b PR BB duct o 11

figure (R owayaipbfied ¥pm ndivivmaf haatmgerit Isp deletior inrnge elkielghexon 13timkthe heavily
with EtBr. The .honodupl S nerated in the PCR reaction (11 reen in
gel) migrat egﬁﬁggennggg%?ég ﬁeﬁﬁt@ﬁ@l Tﬁ??"%at@?l thﬁ%w?%?&egf;@maam lgger el y

mat ched DNA i dERERYRoduble %He?d{%rgaiq‘@%sﬁﬁf?@&ﬁﬂlgﬂnﬁg ofgiggérlfe%ﬂ rom

k,
different tinme points o tﬁe renaturation reaction descri anpl e 4.
Af t er denat umatohes DINY). fragmieptstahésepaiatedowinig 2D-8DE: Ehe becmtérodppléxes (9,

singl e-stranded DNA fra nts s .det ed. Wth .lonpger renatyration tine
i i cat 17T R0 irebin AR TIE A0 G fre s buun® R gentfely Hhoterl

doubl e- st r ang@gsiidDNRIf daBEaiadéd DRA entd TSRk d [PMAmhs bie8d gave rise to
an 20 arc representing doubl e-stranded DNA fragnents shown in (e). Figure
5. Second or H&regRyer Y@low en4f the frapmants st jong ceenshide staim heavibewithi bed i n
Exanpl e 4 shayi = AX| ' eTop ine. The |
ot reveal S epe Rkt obnisbd fthe PORSBHNO R Bl AR P Bech a6
reflects a seqenadadn therarc ki thetlid &S dalphaitpedfectly tathedDNAUR-anents. r eact i on. |
Sanme sl ope was observed when the 25 data for the last tinme point (68,400

sec) was_included. Figure 6. Renaturation kinetics of the DNA fragnents
assayed by 2BiggpE4aiD-SDE separation of samples from different time points of the

renaturation reaction described in Example 4. After denaturation (a), only the

diagonal line representing the single-stranded DNA fragments was detected. With

longer renaturation time (indicated in minutes), density of the arc representing the

double-stranded DNA fragments increased. Untreated DNA mixture gave rise to an
20  arcrepresenting double-stranded DNA fragments shown in (¢).

Figure 5. Second order plot for renaturation reaction conducted as described in
Example 4 showing on the y-axis 1/Fraction ssDNA as a function of time. The plot
reveals a strong linear relationship of the data and therefore reflects a second order
kinetics expected of the renaturation reaction. Same slope was observed when the

25  data for the last time point (68,400 sec) was included.

Figure 6. Renaturation kinetics of the DNA fragments assayed by 2D-SDE as

described in Example 4. Data points obtained from the renaturation reaction are

presented as diamonds (¢ ). After solving the ideal second order equation for C using

the observed k the ideal Cgt curve was obtained (plotted as red line). C,= total molar
30 DNA phosphate concentration, t = time in seconds.




described in Exanple 4. Data points obtained fromthe renaturation reaction
are presented as dianonds (+). After solving the ideal second order
equation for Cusing the observed k thel'deal Cot curve was obt ai ned
(plotted as red line). Co total nolar 30 phosphat e concentration, t =

time in seconds. 10 Figure 7. Fluorescent imge of 2D SDE analysis to

timat I I PCR dyct d
Beample 9. ORI ATBtTL PR oS AL DB AR ANS CrCRP AP P (FB S i at edl

usi ng 2D- SDE.realding 8dndtBied 84 éési&ﬂged!\!ntﬁfkagﬁ)ﬁw anﬁﬁfeleﬁﬁﬁod&?so@&ﬁta'cgﬂ 180t h the
doubl e-stranded DNA fragnents and the |ine representing

arc representin

ssDNA fragnerﬁﬁ%é@t@ndmraﬁmtewlgg 213& {Tae gelovasi sthanesbwih Etﬁnﬁlﬂr&rtbﬁ ssDNA
products in t 2

fragments nor ense VT C% gﬁﬁéee gﬁ%fl&%?e %t%aleagéd%ur eg@é.nﬂ%%%ggscent i mage

of 2D SDES anaémsaeamﬁﬂ)wo fragvemk weheolgiined ThisénditatedidvmbiieabletichatiofONA
i sol ated from ﬁg’ﬁrﬂ@ff .heal thy adults, conducted as descrjbed__10 in

Exanpl e 10. B cs in thecrrarlen RER Jershire NQte Siah BEPTSKHAnY loagsrdNA wer e
detected. Fi GHofefis ffdrbRi&R g%mﬁgg&r&g SDE anal ysis used to reveal the
efficiency of the first strand cDNA synthesis, conducted as described in
Exanple 11. After the first strand synthesis of cDNA usi ng Cy5-1abel ed
dCTP (green) Hifere®. Bidedscentah e BPoSISDE avh] éis Hsddab edvedl theBtridAure of

doubl e-stranded DNA | adder from Fer nent as green arcs/lines were

obt ai ned r epr“§§]@li@qt§¥§e@ RN/Rialatpdafrom iplasms ghs{ﬁdﬂltﬂwéon@@?élaéd%ﬂb@?ﬂed DNA
f ti Br st d
d(r)ﬁgl Ieog ranén g% d%&ﬁ S&é@-?ﬁlﬁai‘gg}%@gﬂs&% iC Si n%ngé}l? v?’a%dredsb(?ler';is

in a conpl ex dEDtdéteéarrpI e assayed by 20 2D SDE conducted according to

Exanpl e 5. 10A: Untreated Banl digested ? phage DNA | abeled with Cy5. | OB:
| dentical DNA sanple as in | OA treated wth specific nicking endonucl ease
N. Bst NBl to ffiguned; Flmormgeant ihagextf{i?f)-8DEapslyzletsedrie skvsal the efficiancraftirent with

N el 1ol 1 k285 AR Bl VLA LS BRGS0 SR R g 1 2

strand synthesis of cDNA using Cy5-labeled dCTP (green) the products were mixed

15  with unlabeled 100 bp double-stranded DNA ladder from Fermentas (red). Two
green arcs/lines were obtained representing the RNA:DNA hybrids (12) and the
single-stranded DNA fraction (13). One red arc (14) was obtained representing the
EtBr stained double-stranded DNA ladder.

Figure 10. Site-specific single-stranded breaks in a complex DNA. sample assayed by
20  2D-SDE, conducted according to Example 5.

10A: Untreated Banl digested A phage DNA labeled with Cy5.
10B: Identical DNA sample as in 10A treated with specific nicking endonuclease
N.BstNBI to form site specific single-stranded breaks. After treatment with
N.BstNB], increased amount of DNA fragments migrated in front of the arc

25  representing intact double-stranded DNA fragments, as shown in 10A.

Figure 11. Fluorescent image of 2D-SDE analysis to detect oxidatively induced
single-stranded breaks in complex DNA sample, as described in Example 6. A Phage
DNA was exposed to HyO5 in a Fenton-like reaction and separated using 2D-SDE.

As can been seen in the figure a widespread fluorescent signal was detected in front




Figure 11. Fluorescent inmage of 2D SDE analysis to detect oxidatively

i nduced single-stranded breaks in conplex DNA sanple, as described in
Exanpl e 6.7 Phage DNA was exposed to HﬁOZ in a Fenton-1like reaction and
separated using 2D-SDE. As can been se hinthe fi gure a w despread
fluorescent signal was detected in front 11 of the are representing

doubl e-stranded DNA. This was_due t cifi c formation.. Q .
si ngl e- st r amfdbe ¥e senresentRg Wﬂ%??aag ‘ﬁpﬁ'é‘rg ’é‘?n'épﬁ@tﬁé’f fjSKJ/ZS’PJarJUémbe

expected if [,%% 20 WefforsideBr SPRE kidtEworldWeleRpdoted if

Fl uor escent 1 nage %ﬁ@%@%%%&a S|]§ to Cétssay t%eﬁr at ur e- |nduced 5
degradati on shﬁgle—sﬁnqsﬂdeﬂbfm‘dlﬁswmﬁite%p@sﬁ@escrl bed in Exanple 7. 12A: 2D SDE
separation of untreated Cy5-1abel ed Banl digested 2- phage DNA t hat was

diluted in distilled water and kept_at 4C for 20 hours. evera f.aint spots
of DNA fraghfignre 13oFiereprentimage o dD-Y0F pradysis tgssap derapeze WSt i ng

doubl e- sty an PINA: £ a%icgﬁlé S@ﬂbéd]hqg gdfic formatl on of
si ngl e- stran%gga ﬁea S. @Eﬁ? t'i ca DNA sanpl e kept at 60C for 20
hours. Under such extrene conditions, at |east three different changes in

the DNA sanp|g vi5 §D¥edepahfish off uniddgled c*gsx@abeidchafn@ ipeitbdRN-phiigesDNG thaist r anded

breaks resulting in smearing of DNA in front of the are represe ting

doubl e- st r andresidibrgd m@gﬂ!@dmtenanyi kent @t &% & 24 howss: Soteral 21 wotsfy anded DNA
fragments of er ent DRbR-glhanded 15
fragnents I ﬁf& %?%o%%ﬁ%@{)%?%%&%&j%ﬁg& Of[&legar{%jkélisﬁsgﬂm? Iete denaturation
of the two ghiqAtfeRindaNAIndicagn@sitsspaeifit Yaedifion eﬁmhglemgamdedémakag DNA spot s
lying inside the line of single-stranded fragnents essentially vertically
above their predicted place in the are representing doubl e-stranded DNA

fragment®) Fim:rlderﬂt&al PNéorepbekapt atrﬂ)@@ forf 20impuspiinder %@b&iﬁtf?m% i nduced

degr adati on of The
second di rrengc?né‘ﬁmn& aég?aggtbﬁ r@‘% %%%n?iﬁlggﬁ\zut rve(’)eg?n anper alt%axrle
resulting i ns;fe@ﬂﬁifdﬁﬁawne)fsmgrwémaédmeam&esﬁﬁmrmrsmsar@ﬂg ofDNA mrﬁ@m obf the
arc representing the doubl e-st randed DN% fracti ﬁng fter the d ur ation
step. 13A: Athslayeieresentingelonble-shpadedy agHsgs: CIEY |agmo%q> 'I y few
?)Rlzt fSr \ge;rgn (8 gt?anﬁ@& BRA Habilerdtk OPdieRfent RRgA! RsdIBRE BSLRAd 6}?9;11%%19&:&(18& randed

15 ﬁagments lying diagonally through the gel, and III) complete denaturatlon of the two

shortest DNA fragments analysed, resulting in strong DNA spots lying inside the line
of single-stranded fragments essentially vertically above their predicted place in the
arc representing double-stranded DNA fragments. ’

Figure 13. Fluorescent image of 2D-SDE to assay time-induced degradation of a

20  complex DNA sample, as described in Example 8. The second dimension
electrophoresis was carried out at room temperature resulting in considerable
renaturation of fragments (line in front of the arc representing the double-stranded
DNA fraction) after the denaturation step.

13A: Analysis of freshly prepared A phage DNA sample. Relatively few spots were
25 - detected in front of the arc representing double-stranded DNA fragments.

13B: Analysis of a six months old A phage DNA sample. Increased amount of spots
were detected in front of the arc representing double-stranded DNA fragments. This
indicates site-specific degradation of DNA over long period of time.




13B: Analysis of a six nonths old 1. phage DNA sanple. Increased anount of
spots were detected in front of the are representing doubl e-stranded DNA
fragnents. This indicates site-specific,degradation of DNA over |ong
period of time. 12 Figure 14. A schemat’®c dr awi ng of a preferred

el ectrophoresis systemof the invention. Detailed description of the

i nvention The invention provides a rethod for separation and optionally

i sol ation of F'gln‘glléhA§C%9Wf’@(§]ﬂ%71ég§f?aﬁseé'&dﬁ1?€1r%ﬁ’}@r§bﬁSéf“?‘?“é’gﬁ]%ﬁgt s froma
conpl ex m xt v%nﬁ{) both. The invention can be used to screen nucleic acids
preparations tor their strandness with or w thout prior know edge of their
bi ol ogi cal function or genone |ocation. The invention can also be used to

determne length_ distribuytion of single- and doubl e- stranded nucleic acid
fragnents. 1&eiailedgdesgption ef the iy the description herein, the invention
can only be used for separation of linear, i. non circular nucleic

e.

aci ds. Nucl eig _aci d..sanpl I I 1.S: [ : pr esent

i nvention rra;ﬁleé%‘f?ﬁplorsl %V?dzegglrﬁetst]?c@g rg&%ﬁ%éﬁ%%ﬁ%ﬁg% ‘?igﬂ%]e%&r%égf‘ei c acid
f r agment s5 of agd deublakgended eivieeRcifrdpmet @, 002 banplex niixtoret offodf. dhabl y i n

t he range of about 100-100Q bp or nt_ . 15, The %I%ﬁr ce oh}enu&l e('in% acitgs may be
prokar yot i ¢, TesEHeY 6 be uspr teypereegnugleinasids preparpigns {of thep STARINEST WD Ob he
genom ¢ DNA, g}&ﬁi VALY REd18Se tion bNfshofleasdhtign DI, or viral
DNA or RNA i r\{‘g u |Rg g%tgge Vi %ftt}ﬁsdlgrr% alg‘gﬁ_ natﬂ%al |y occurring or serving
as a vector fioventionlkei alsabé tedfte deteranivé %/eﬁgth@itﬂﬂi@é@n@@ single- andydoubise.

Dependi ng upon t soyurce. nuclei c acids, they may have to be subjected -
20 to sone pﬁFﬁ?&%ﬂW{éfﬁacé(géﬁ?tﬁ'sol ation fromcellular sources,
separation from proteins, renoval of restriction enzyne and PCR

i nhi bi tons, efc. i |2 6seih VAL ixdvB YRR oty e vasd ércul ar |y
advant agi@us%sc@tgec%%gggﬁggl&?g@?gﬁbcorr%l ex DNA éarrpl es,}} i.e. sanples
cont ai ni ng | aggeatiandflirean.c.dichfcratat nwiit adids. aci d fragnments such as
fragnents of whol e genones or subsets thereof, and m xtures 25 of genom c.

nucleic acids fromnore than one individual. Depending on the desired
obj ective of Numeif acidsainples peitable fgr quatysisAGroraiRgte hemyesent mvention may

comprise linear single- and/or double-stranded nucleic acid fragments of size range
between 50 to 10,000 bp or nt but preferably in the range of about 100-1000 bp or nt.
15  The source of nucleic acids may be }&)rokaryoti_c, eukaryotic, viral, or synthetic. The
source material may be genomic DNA, cDNA, RNA, DNA/RNA hybrids, PNA,
LNA, plasmid DNA, or viral DNA or RNA including where the virus may be
natﬁrally occurring or serving as a vector for nucleic acids from a different source, or
the like. Depending upon the source of nucleic acids, they may have t6 be subjected
20 to some purification, such as isolation from cellular sources, separation from
proteins, removal of restriction enzyme and PCR inhibitors, etc. It should be
emphasized that the method is particularly advantageous as it can be applied to
complex DNA samples, i.e. samples containing large numbers of different nucleic

acid fragments such as fragments of whole genomes or subsets thereof, and mixtures

25  of genomic nucleic acids from more than one individual.

Dei)endjng on the desired objective of the invention for a given application the
sample to be analysed can be from a single individual, a plurality of individuals, a
genomic subset from one individual or the same genomic subset from a plurality of

individuals, or a combined pool of a number of pools, wherein the nucleic acids may




sanple to be analysed can be froma single individual, a plurality of

i ndividuals, a genom c subset fromone individual or the sane genomc
subset froma plurality of individuals, or a conbined pool of a nunber of
pool s, wherein the nucleic acids nmay 13 lge treated in various ways before
or after pooling sanples and/or conbining pools, e.g. cleaved, denatured,
and renature c acids of desired I ength can be_provided,

. Nucl ei
particul arl yc{?erF??éFéiénd’PnﬂF\?AWaﬁyefoF%%%fFeéPPQ}ngéﬁ%?]f?é apd/ gerombinping pealsof PCR
or other in Vigra988debhiaRll £ ¢ ,ﬁ&lﬂg&ques, 5 ligation, chemcally or
physi cal ly induced cl'eavage and the |1 ke. Target nucleic acids may be
| abel ed by isotopic or non-isotopic signals and they can contain a tag to
al | ow speci fiNacleiaptids ef désired lénBth cag papedided, pdriiciaiEinesadiDEAf by of t he
met hods adaptors .or linkers are ligated to the nucleic acid fragments. In

usef ul enbodi FEHFEOD ¢ grala gre PHECR Ry athes v upplificatien tachaidpefy t he
l ength 1G di il ' ot ' i - and
Goubl o- st rande PP Alealtylof bRy BIauR Aot g Rlding iR TRt AAEESREL. o e

by addi ng t o mhebskahpled byisotapia ar nostswopio siznale sidthay cindontanah tag taratlawd

cont ai ni ng both .si ngl e- d,.doubl e: stranded .nucleic i ds_of different
known | ength Spﬁ%{ﬁc\ﬁﬁgq’tfﬂes isgl%?rr&oé" @b‘?ﬂ[‘%ﬁ qn?poﬁ%er@%? § fsthodg pdaptors

el ect r ophor esdrginkbrdshirs UpdtedbloghShldié ggdﬁagﬁgﬁg_abl y, such internal standards
are pre 15 |l abeled with markers, e.g. fluorescent markers or the |iKke.

After el ectrophoresis, the different fractions are preferably analysed to
estimate the Innst¢fat embodimenisf themetiodg bthedmentionibdneprist katiiaethgrthie eeigth aci ds

inthe s | e..as | | . the length-djstributio i thin eac raction.
Such anala@s)i sdlﬁgb‘\r{%%w : PEV‘@EFQT?J%W# %%@%S%@P@%@V@q@%ﬂaagéﬁaﬁwné an be
aut onat ed, asaﬁeyﬁfeﬂ%?gﬁﬁgﬂ. iaRds Raaey Qcm&@dw%ddaﬁgggm& sdrfE kPR, further

provides a kit for determning strandness of conp n c acid sanpl es
usi ng the netdkestropbdresinan priersalrstandandeontapring Hotk stagle- ehdaiblerstiandedr e- made

2D gel s, whi I .denat.uring agenpt.suiLable for the. first, di nension

el ect r ophor eghgﬁg‘%]éc?r%g;%@l'?%? %6?83’33?@ ﬂ’ﬁ%wglif g"lcﬁscir%ff F‘ZPE? nghagﬁ]a% i ng

agent and gelthe eleemoptvkssis with éuiable stadingki Preferiblys uvhahternal sisdasd fe bl f er or

buf f er in%re ients for both 25 first and _second di nension el ectrophoresis
a

and opt i dral I'§beied Wik mrarkes, et Sporeprentyaprkeper dhediksecond di nensi on
el ectrophoresis, to facilitate denaturation of all doubl e-

After electrophoresis, the different fractions are preferably analysed to estimate the
relative amount of single- and double-stranded nucleic acids in the sample as well as
the length-distribution within each fraction. Such analysis is readily achieved by

image analysis techniques and can be automated, as further described herein.

20  The present invention further provides a kit for determining strandness of complex
nucleic acid samples using the methods of the present invention. The kit can contain
pre-made 2D gels, which contain a denaturing agent suitable for the first dimension
electrophoresis or means for preparing the 2D gel, including denaturing agent and gel
chemicals. Further, the kit can contain a suitable buffer or buffer ingredients for both

25  first and second dimension electrophoresis and optionally an agent to treat the gel
before second dimension electrophoresis, to facilitate denaturation of all double-
stranded molecules. The kit can additionally contain suitable adaptors for
commercially available electrophoresis systems and heat resistant spacers, as the
adaptors and spacers commonly supplied with presently available systems cannot

30  withstand such high temperatures (e.g. in the range of about 75-95°C) as may be




stranded nol ecul es. The kit can additionally contain suitable adaptors for
commercially avail abl e el ectrophoresis systens and heat resistant spacers,
as the adaptors and spacers commonly sq&plied with presently avail abl e
systens cannot 30 withstand such high tenperatures (e.g. in the range of
about 75-95 C) as maybe 14 desired in the denaturing step 'of the present

i nvention, between the,first and cond el ect.rophoresis steps. The kit can
further cont & a 8psc W@nﬁégtfg P€t§F§¥e§?ﬂt 1 %%e&q??ﬁq%?tegﬁsﬁc g to put
the gel sandeicghiophovrésts @EpsTha ki cay RPGERIOnGn 8 pdcift RdatresiRRpdizdat i on step
prior to second dinensjon. |In useful_ enbodinents, kits of the 5 invention

cont ai n i nt eFARPINSE @Friereds PEbhe BRsAndigRyindo chidnate avperasion dwdegithaucl ei c
actd 11 a0meaksul@ibRioh b ® RS i ARRLY 20 8s M nHiARhIdd GAL oA O al

strandness fractions. Intern standards can be supplied a sanple
buf f er sof ut irorention edritgih inthmalkseandhmds fordotidaaglet ammdhipubleadysded, nuckeid azidanot her

suitable formto be m.x Lth.the sanpl.e prior,. to ectrophgresi s.
Further a de@@g?l%tfi é%ﬁ&%&@f%ﬁ%dﬂﬁ%ﬁa@n 8%%1 %}gﬁﬂfiﬁngf BdPIS10 to

i ndi cat e wheRugREirRh1eednaaRk o5 A sﬁ?ﬁﬁ&i& NEDIE BFAEHGIENR] RhikR the diinbie Of the
invention may further include a detecting agent including those that are

ment i oned hetseddded thbg angilysad or & angtiee Fuitahlei fdrmtd bemlixed with tha earaple poioe  of

the separated i i l-patrix in order t e sai.d .nucl ei c
aci ds det ect gcb?%&?oﬁ) 0%%%- gr‘ﬂe}ft}l ‘l’r%:at‘g?eﬁtag%tn%gﬁ%rl & %%@P%g‘ﬁgfcagj’é' Hn?}‘é‘#le cting
agent maybe 9 xditawi whent dach dlacisphiplesis Blep Bbs feaclRldes ar esis (such as in
the case of, e.g. SYBR green dyes or Universal Linkage Systens (ULS)) or

they may be supplied in a formto treat the gel after the el ectrophoresis.
Anot her aspe¥itsof therevénipamaydrther indutles deteying egent incpeliigthosetthat anet hods

described herej.n. .Such system incl.udes an el ectrophoresis. cassette for
supporting aﬁ%f&#m %se %\%h%%é%ﬁﬁ%f‘\ﬁi%‘ﬁ a@aﬁ%‘g?ﬁ"hq‘f‘dnﬁpgf’%@f’reﬂ?@ecasset te can
be confi gur egepsititdd fricdtons &l He galtiBatERSh oMlet 1 HallRiCARESS 4@ds RkdcBbARI Vel Y,
pre-cast gels are supplied with the system that fit in the cassette. In

anot her enbothershmatrhaftes glesenherasis. Sughsletasting azent siapge anigekwitiffiet with t he

el pre ed L t , I: Ng . t e ophoresis
apparat s w Figle pASELS diebrlop el sud KR SRR GEIRY STBR BRafeRELL 0TS oo
is |located atjnaeent Linkags Sysitdnin (WLISheorcheypasy benippliad o ofdim to treat the gel

after the electrophoresis.

Another aspect of the invention provides a system to perform the methods described
herein. Such a system includes an electrophoresis cassette for supporting a gel

20  sandwiched between supporting plates, the cassette can be configured such that gels
are cast within the cassette; alternatively, pre-cast gels are supplied with the system
that fit in the cassette. In another embodiment, the cassette is supplied as a single-use

unit with the gel prepared and inserted therein.

The system comprises an electrophoresis apparatus with a compartment for inserting
25  the cassette. A sample port is located adjacent to or within the compartment in order
to load a sample in the cassette to be analysed. In a preferred embodiment the
compartment is configured such that the supplied cassette fits snugly therein and the
electrophoresis is conducted essentially “dry”, i.e. not in a buffer bath; this is possible
by minimizing the size of the gel in which case a buffer is not needed as a supply of

30 counter ions in order to accommodate the flow of electric current through the gel.




to load a sanple in the cassette to be analysed. In a preferred enbodi nent
the conmpartnent is configured such that the supplied cassette fits snugly
therein and the electrophoresis is condﬂgted essential lly "dry", i.e. not
in a buffer bath; this is possible by mmnimzing the size of the gel in
whi ch case a buffer is not needed as a supply of 30 counter ions in order

to accomodat.g the f]lo f electric curre hr.ou the gel.. 1 Th
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el ectrodes f Ofirst difiendios SlectébpliBRsisOdhdel E3ndaBhER BshbdesdoHha sé@mand set of
el ectrodes for the second. dinmension electrophoresis, the first set can

sustain a firdimepyigelpeteophoresis) the Hest sa san sustainye first glegirical fisdd eaassdhgset t e,

when el ectri PR i i set of
el ectrodes c;%h sus\tqg‘lgeﬁ{ eg Cgée%%éﬁgﬂlg%g%t&%?%ﬁo%% {esﬁdgﬁg%drtggge %1 @Iog%g?’%%gg%nt ially
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provi de a pr ee-1 erm ne erperature I NSi hi s
arrangengot afithefigi elpsticpheres@nt rol i ng neans, the tenperature of the gel
can be controlled and adjusted substantially stepw se, such that 15 the
first dinension electrophoresis is run at a first tenperature (e.g. 200

after which THesystempdsoatompaises a ¢dngroligtile tespieradure agsehm wiich ikcginectedperat ur e
(e.g. 95C) faqr limted.,peripd of tine such.as in the.range of, 1-5 mn,
' order 1o APy G i S e E A RSP e RO RS Res
therein, subsggéentloyl mbeixt BYHEE atralipBmb® dha@APFRPrisE clntrollity Mekas, fRr the
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stranded nucleic acid molecules therein, subsequently the temperature is reduced (e.g.

to 55°C) for the second dimension electrophoresis to ensure that re-naturation of

20  denatured (single-stranded) nucleic acid molecules is eliminated.

The heating means can preferably comprise a thermoelectric device (“Peltier” device)
with a heating surface in contact with one main surface of the cassette. In this case,
said surface of the cassette shouid conduct the heat sufficiently to control the

temperature within the gel itself.

25  The system preferably also comprises a power supply to provide adjustable power to
the electrodes, it is particularly preferable that the system is provided with a
g:oinputer to control operation of the system, i.e. which is connected to the power
supply and heating means to control the applied voltages and currents (a first voltage

to the first set of electrodes, a second voltage to the second set of electrodes), further




25 The system preferably al so conprises a power supply to provide

adj ustable power to the electrodes, it is particularly preferable that the
systemis provided with a conputer to ﬁ_ntrol operation of the system

i.e. which is connected to the power s gply and heating neans to control

t he applied voltages and currents (a first voltage to the first set of

el ectrodes, a second voltage to the second set of electrodes), further 16

to control tHecondpbihedempaatyre qfithe haaling dryiceaipd dansgontreliiie ORES#HIDEOl ¢ he

operati ng t%m?lgro@ Jhe gel. The conputer is preferably |oaded with
conputer software for t eg above controlling operations, which can

preferably be configured such as to operate the system5 substantially

aut omat i cal | Yhe coputstigprofeiabiytladiee withicbagaRr sottlvdre frithitgatione sorgafiisgnce of
appropriately tined events to conpl ete two-di nensional e|ectrophoresis in
accor dance wPPSRHeRS, Which sar prsdsratily pe pordigrusdisuch 3s tp opgrateithodisteaht f eature of

the present sygh Ritbil FoRaYeb hidhfing Bea sdfibndeagset t e
shoul d be abﬁg&t%ﬁﬁfﬂg?%ggca??’gﬂé?&eﬂﬁgerat ulr eg,e?gl'e%]hxt? e E}léuat?%nénm%gn t he
10 gel is heapmdpfiaelydinted evbntp ér camblett two-danénsionelt aleptnophdresi inr st and second
di nension el ectrophoresis. Preferahly, the systemis able to sustain and

wi t hst and op%‘?‘%&’f‘? ewftgﬁ%ee’inﬁrﬁlﬂg%%e??ﬂr%meﬁ%he gel of at |east 75C, nore
preferably of at least 85C, and yet nore preferably of at |east 90C and
nore preferahl, i i el t hat
the system o?[ 1%(ﬁ%%ﬁé\%ﬁfﬁgﬁ@gﬁhﬁg{eﬁn&\%ﬁ%ﬁ@g@% aﬁ@:lr i@thé éc()t%cgﬁea&{aﬁl ncr dese t he
speed of t hegelutaysetty shanldbe ible icwiheand Hiflcteopelatiresin the sitlidtiohg @tlen thevi ng a

size of |ess than abput 10 ¢n2, preferably |ess than about 5 cnR, such as
less thih aBol ﬂ%@f %%é%élﬁél?efé’é&f@n&%g%%ﬁ?@ éﬁéﬁda%coaﬁéwnflw. Such
mcrogels w Eﬂectr(?;ﬁﬁ%s{s‘?lf’fe?é‘i’aﬁi”%é §ys?t’éﬁl iéﬁi%le%%usﬁéin_taﬂ@?w%ﬁﬁn& élg_;{uErFatt{hdeg‘ra t he

detection limt for nucleic atCi in the sanple is | ower.
t enper at ur e tsomeratires withfreths gelt afiat o $t| 75 2T, move preferablg®f et least 85U, fand|ydb

al l owi ng fast_ separat.i.on.of le in th | . | s are run with the
met hods descP1Pe eﬁeé?bé?'ﬂf%t&ﬁa%géggﬁﬁ%éﬁ?rﬁPg{aﬁ%f?@gé’ggﬁe?%bgﬁage anal ysi s
techni ques. In one enbodi nent, the system of the invention conprises
conput er sof j\giiieyel AR SRR e & BenPBithy Sl BtichUah boSlniaRBEd ON 2
digitized inage of said ge ﬁget al ne vt\?et amsui ta%l e c@t ectlgng ggent, t he
conput er 15 of tmander increase the speed of the duty cycle of the system. Microgels can be utilized -

having a size of less than about 10 cm?, preferably less than about 5 cm®, such as less

than about 2,5 cm? e.g. about 0,5-2,5 cm? such as about 1 cm?. Such microgels will

require low sample volume but at the same time the detection limit for nucleic acids

in the sample is lower. Further the temperature control in the system will allow high -
20  electric fields allowing fast separation of molecule in the gel.

Gels that are run with the methods described herein can be suitably analyzed with
image analysis techniques. In one embodi'ment, the system of the invention comprises
computer software loaded on a computer, for analysing such gel, based on a digitized
image of said gel stained with a suitable detecting agent, the computer software

25  comprising code such that when run by a computer, steps are performed to detect
spots corresponding to internal standards, detect stained areas and determine
boundaries of said areas, based on the location of the internal standards spots, assign
detected areas as single-stranded or double-stranded nucleic acids, and estimate the

density of detected areas to determine the ratio of single-stranded vs. double-stranded




25 conprising code such that when run by a conputer, steps are perforned to
detect spots corresponding to internal standards, detect stained areas and
determ ne boundaries of said areas, bas? on the location of the internal

standards spots, assign detected areas as single-stranded or

doubl e- stranded nucl eic acids, and estimate the density of detected areas

to determ ne - [ At L0gl e-stranded, vs ubl e;stranded 7 nucleic
acids in the'e geclz{ ?“Ié%ﬁ%%?%es@é&g’é’ﬁmg%%‘a e?%?de‘?r %F%)?%ag%tbteﬁieéngﬁ}eﬁé?ﬁu&m

di stri buti on withihBach #adionf racti on. A schematic illustration of a preferred
systemis shown in Figure 14. The systemis conposed of two main parts.
Firstly an el ectrophoresis unit that is further divided 5 into a control
part (21) and® thesiatis plhentretomofraprefeted pystephisssheadr Figurrotde Ths syatdrt icont ai ns

a tenperature: [ n 22b) _for a gel .cassetie (23).that is
added prior to g%)%‘fgtﬁ%%r?q %%@g ?%ﬁé?éé’q ‘%r%%ﬁ"r’?%”f%‘f%f“%‘bsaﬁﬁmf@ﬁ“g%ﬁ
underlying Heiatd cogitrpl pire(218 agd eleatpphbiekit pef (12)e Thbeleabphdedieatier . Two
sets of electrodes are in the electrophoresis part a i

| I
Cvio- di mensi orfAREEEF-PRPFBEYRENEd COnBRREn AR de &b ceseisaPdkhative 1 i & st
set is shown a8 O%E‘%‘% fon.. g °§ﬁ§’%§ﬂ§fgf@%‘§%ggh°&n%ﬁ %gﬁ?‘% as anode

2 (22e) and cat%o e 2 . Aroun ssettée conpar is a
buf fer zone he2i2eg platei elg. iype Beldentlernideieetrivitenick Two setaaf eleaptibdesfard frelewi t h

buf fer sol ution i ch s good contact with fhe | and.the el ectrodes
Lo a1 ow conifeeiPBlehEPREEToTHE MRRTEa S CBel Sbatot Nihel sueesibe o0 The
control upit GoeHaiTHE st fsGhokR £ H7A0e (DEY)WRE BatBb LT (229%,&1&@& onld @pd 2
(21b), unit to control thea%fol te%rature (21a), connection (21c)to a

conput er ( notas ghedid (22¢) angd ¢agheds BH(23RrArovnd thee] essdbistchmpartaent is b baffer a

connection ( r. (not. . shown). .Secondl.y .a gel .cassette part
is supplied (?zég% (é#%%al%gg&?‘igx té‘zgenmetlntxhoé Izo%%tol})seﬁfe@gnﬁaa%qfﬁer ﬁ?)hlgo’bel in or
to fit a pre-wideh adkeegoodidoniast withihegelarddribatlevwodae & allowstdhadtionp! ates in
whi ch t he gel matrgg isl kept todntﬁnsure |imted evaporation fromthe gel
matrix (23b) PeRyeepdig el sassels and e pleglredss, f aci ng the heating el ement) when
the cassette is inserted should be heat-conducting in order to pass heat

fr om the 1I§eat'1*h%g:oﬁir§1r{ﬁﬁg coh iﬁshaesv%?ckl'to change between electric field 1 and 2 (21b), unit

to control the gel temperature (21a), connection (21¢)to a computer (not shown) to

allow software control of both 1a and 1b and a connection (21d) to power supply (not

shown).

Secondly a gel cassette part is supplied (23). This cassette can either be used to cast

20  agel in or to fit a pre-casted gel. It is composed from two heat resistant plates in
which the gel matrix is kept to ensure limited evaporation from the gel matrix (23b)
At least one of the plates (facing the heating element) when the cassette is insertéd
should be heat-conducting in order to pass heat from the heating element to the gel.
The cassette further comprises a sample loading slot (23a). Around the plates is a

25  buffer connection zone (23c), a conductive matrix that will come in direct contact
with the buffer zone of the electrophoresis unit allowing efficient current through the
gel matrix under the applied electric field.

The invention provides in a further aspect a computer program product such as
described above, loadable on a computer for analysing an image of a two-

30 dimensional electrophoresis gel which has been run as described herein to determine




The cassette further conprises a sanple |oading slot (23a). Around the
plates is a 25 buffer connection zone (23c), a conductive matrix that wll
conme in direct contact wth the buffer zone of the el ectrophoresis unit
al lowing efficient current through the é%l matri x under the applied
electric field. The invention provides in a further aspect a conputer
program product such as_ descri ped above, | oadable on a cogputer for
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anal ysi ng an thasaiie obpinglerstsndest @5 )rAvd doublarstrandee (4 preleie gickls den guabeed has
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ithigrteenal stendards, Welgpiduginedsaresfs and detemmning doundasiss gisaifkareast ed

stai ned ar eass

areas as sing|.e- r St u i [ . estimte
density of de Sgl gé%g[rgggrgg{f%sd%%?%??n&%grgg&ﬁ%%é sﬁ%%ﬁgé}%ﬁﬁgﬁggﬁdvs. doubl e-
stranded nucl atimagaiedsityi of deteetet|aeeis to iandsertig of singlrsdaaded seddubisdar i es

of said areas 10 can by conpared to b und%g es of the_ internal_ standards to

estimate the YHEAGIUcHIGIGdsgthesiegrorboigsn GIEHEFL%FJBF)P%W%%@&MW%H ons.
Preferablyy, thHe tyRbRLARH (5 baRfREESofthSintRg! er

det ect ablpg co‘%%rb.y tﬁgn the col or o? t lél staisﬁgdénggtrrp Sgﬂl%%?fjgﬁgagci ds, thus
the i mage detdisttibatipnsafisingde-end davblbstraeled fractiabent i fy a speci fic wavel ength
band for identifying the standard spots. 15 After the internal standards
spots have been assigned x-y coordjinates in the 2D i mage . space, functions

are derived d&rafepbly hainteaplaandausiar Ipkalipd énproguen anefics etepiable selos _
(typically t myﬂleee{o%ﬁafe%@)mdasagpimc ORRR @ug%q}dagghetegﬁn%ﬁﬁg@ ds in

each spot. e sanple spots/areas are detecti y reading from i mage
t he appropri ataa beebtdp identiied sregific wortengthdadd fig idemtifying thetstmtiardrspatgent

(1 abel /' stain), heing. used, . the .20 houndari es of said spots/areas.are
Gotormi ndd mARe B aRd subdfaR selS BNE Fets sxsned s copfiingieate a2l hrsey 1o
their |ocati ofpash)RRli6Ek 410 dbied defi@ingahe 1%1a@i6ﬂsﬁﬁﬂ§ehv€8§loc9@c§ﬂ§ilﬁﬁé §oiAr e

y

determ ned by conventional nethods known in the art, e.g. applying
(typically the y-coordinates), and the basepair length of the standards in each spot.

The sample spots/areas are detected by reading from the image the appropriate color
wavelength corresponding to the detection agent (label/stain) being used, the

20 - boundaries of said spots/areas are determined and the areas assigned as ss or ds
nucleic acids according to their location compared to the internal standards. The
boundaries are determined by conventional methods known in the art, e.g. applying
black top-hat transform to the image, or the like. In order to estimate the density of
the detected areas, a background value is determined and subtracted from the

25  measured intensities of the pixels within the areas. The areas can then be integrated
in order to quantify the ratio between single-stranded and double-stranded nucleic
acids. Note that under certain conditions, as described above, the method can further
be sued to separate DNA:DNA duplexes from hybrid duplexes (DNA:RNA) which
will show up as a third region in the gel and can be analysed and quantified as

30  described above, preferably by using appropriate standards for such hybrid

molecules.
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based migration difference between the nucleic acid fragments.

Polyacrylamide gels useful in the method of present invention may contain a wide

20 percentage range of polyacrylamide that can be suitably selected according to the
estimated size distribution of sample nucleic acids fragments. Typically, gels in the
range of about 2% to about 20% polyacrylamide are used, preferably in the range of
about 5% to about 15% polyacrylamide. The size of the gel and electrical conditions
during the electrophoresis (voltage, current, electrolyte concentration, etc.) can be

25  adjusted according to the degree of migration necessary to maximize separation of
nucleic acid fragments to be analysed. Other gel-matrixes than polyacrylamide may
also be used to carry out 2D-SDE including polyacrylamide derivatives such as
MBDE, and LongRanger™.

Buffer systems for either of the dimension can be chosen according to the gel-matrix
30  used in each specific embodiment of the method of invention. The same buffer

system is not necessarily used in both dimensions.




{ estimated size distribution of sanple nucleic acids fragnents.

Typically, gels in the range of about 2% to about 20% pol yacryl am de are
used, preferably in the range of about 5% to about 15% pol yacryl ani de. The
size of the gel and electrical conditi ond  duri ng the el ectrophoresis
(voltage, current, electrolyte concentration, etc.) can be 25 adjusted
according to the degree_of mgration necessary to maxi m ze separation of

nucl ei ¢ aci d Frpirghe Fesel-graléx wied iy e resentisrenyen coniaing & denajusafing agent
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for either ofstuhideddiunieitsicidhiregmentebut hakwess sacaagyisagciestoiboihastingl@tandx 30
used in each i fic,enmbodinent .of the nethod of invention. The sane
buffer syst éf‘ﬁ?‘gé' Eraledfﬁé&'@ﬁ%%%“ﬁ {8 i n both di mensions. 20 Typically
the gel-matrix used in the present invention contains a denaturating agent
in a concentr@t.]i 3-99 94 i : ation) of
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bot h si ngl e- matdx peiotiol the fit-st dimnkedionwd keparatiani Id thasagnbdodiments thaga endyai n

enmbodi nrents qf .th t hod, no denaturating agent i s added th el -
matrix pri or%{edn‘f‘-ﬁétggimé UHPTROMEIYRS B7e & Pg?l?%ﬁ?m’rgiﬁgteﬂ%%#é;%@%%?qﬁ%nts t he

gel may be 'ﬂ&é&%@%ﬂ&si@n%ﬁc&%h&é&@ﬂe% BSmBIBE dBhatiRfi6y MR- at i ng agent
of choice before the second di nension el ectrophoresis where conpl ete

denat ur at i on sohndtdufigmentstis sawpligdd.f r agnent s is required. 10 The denaturing
agent that may be incorporated in the gel-matrix prior the first dinension
el ectropharesis is preferably one or nore of, an aliphatic¢ al cohol such as
met hyl ,  dfhy| Theidspasimng pgenk thst gy be mgpippratedyn il sel- gt pyer the HEst any |

al cohol's and gRbINdPOE oGS iCHEIMIALRAR Mcte B w1fRafly SbONT ML aPen2yl

phenol , and p- nethyoxyphenol a I nositol; I cycl1c conpounds
such as ani | imethylpsthyldisoprop$h nguopyheilyl] bdtyt iswoaiyl and etnyl dbeholoare, and

am notriazol e;, am des such.as f.orman de t hyl.f or 1 de
di met hyl f or ekl gi@é’_f:&%? g Sr‘f%é%“é’t“'&"ﬁe . DR PISPRL 2R Pacet am de,
propi onam de,méhysx9bReRof SicohdliaBA Gk ARycliedRihadd suah asli88ne, pyridine,

15  purine, 1,4-dioxane, butyrolactone, and aminotriazole; amides such as formamide,

ethylformamide, dimethylformamide, acetamide, N-ethylacetamide, N,N-
dimethylacetamide, propionamide, glycolamide, thioacetamide, valerolactam; urea
compounds such as carbohydrazide, 1,3-dimethylurea, ethylurea, t-butylurea,
thiourea, and allylthiourea; carbamates such as urethan, N-methylurethan and N-

20  propylurethan; detergents including Tween 40 and Triton X-100, and other
compounds such as cyanoguanidine, sulfamide, glycine, acetonitrile, and DMSO. In
the cases where the gel is soaked in a denaturing agent after the first dimension but
prior to the second dimension electrophoresis one or more of the above agents may

be nsed.

25  Other chemical agents and physical factors that can be used in the present invention
" to reduce differences in strandness may be identified or developed by those skilled in
the art. The concentration of said chemical agent used in the method of invention is
dependent on its nucleic acid binding affinity, denaturating capacity, ability to reduce
strandness difference and secondary structures, and stability of the agent in the gel-
30  matrix or the buffer. '




conpounds such as carbohydrazide, 1,3-dinethylurea, ethylurea, t-butylurea,
thiourea, and allylthiourea; carbamates such as urethan, N-nethylurethan
and N 20 propyl urethan; detergents including Tween 40 and Triton X-100, and
ot her compounds such as cyanoguani di ne, Hul fam de, glycine, acetonitrile,
and DMSO. In the cases where the gel is soaked in a denaturing agent after
the first dinmension but prior to the second di nension el ectrophoresis one
or nore of thén a!pmmeulagﬁmeﬁlﬂrmyoodhﬁedﬂ%ﬁ&e 1ot dA tHE Bereh B MintPA oeRY ﬁfgasis and

physi cal fact o‘rié t can be used in the present invention to reduce
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invention is dependent on i'ts nuclelc aC| nlty,
capacity, abi PPt %ﬁfatl@m%@lﬁﬁibnu@mc acid fingments fb‘odtr sange- andonbodtaadad) in the

structuress a {. the rix qQr the buffer.
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el ectrophor esi Here, urea acts in hree different ways: to reduce the
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di mensi on, f aci ate the conplete terrperate i nduced denaturation
(strand sepa%rg? ﬁﬁsﬁ?& hqc PPRqyesiy e 2iedeNS figridely ditienent temperaiiies e t hat
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di mensi on electro horesi's firs elect raghorase °st ep”caf
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of 1 he et nod a1 U8 AR AR A G Bl G Bl ioana doubl oo st randed

nucleic acid fragnents is separated at roomtenperature. After the first

di mensi on el eAREOME L Firfonsi é}&ﬁkﬁ&’éﬁs,ﬁﬁ% AfRATL Qelﬂa:aa%ﬂ Lain d«ﬂg%gq/ e the

| ength and strandness of the nucleic aci ragments as CussSe
gel is typickn aﬂéﬁm@aessmfrﬁhetmlmmdﬁaghmﬁem&s@pmlr&buathdﬂgwies/er Wi th

appropriate f a such as is further described herein

renovi ng t he légggﬁ%gﬁl&%d %8832@5 §{ %@esﬁ‘e@l@ ?@WW@X‘?@W@@E PR

t enper at ur®e t desigausan bppaadtus Suthiad ﬁ@ﬁiriﬁ&- dkcridell herein removing the gel is not
necessary. The gel is incubated at a high temperature to cause total denaturation of all

nucleic acid fragments. During the incubation the gel is partially or fully enclosed
(e.g. kept between plates) to limit evaporation from it. The gel is incubated for a
period of time, which can vary depending on the size, matrix type and thickness of
20  the gel used in the embodiment of the method. In other embodiment of the methods
the double-stranded nucleic acids are denatured with a chemical agent or mixture of

physical and chemical agents.

The conditions in the second dimension electrophoresis step are different from those
of the first dimension, e.g. by altering a physical parameter or chemical agent, such as
25  temperature or concentration of urea, which will further affect the strandness of the

sample nucleic acid fragments.

After the physical and/or chemical-induced denaturation for a given amount of time
the gel is arranged in a suitable electrophoresis device for the second dimension
electrophoresis. All nucleic acid fragments now have the same strandness (i.e. they

30  are all single-stranded). Therefore all nucleic acid fragments in the gel separate




nucleic acid fragments. During the incubation the gel is partially or fully
enclosed (e.g. kept between plates) to limt evaporation fromit. The gel
is incubated for a period of tine, whi %§ can vary dependi ng on the size,
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nucl eic acid fragnents now have the sane strandness (i..e. they 30 .are all
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fragments that were. originally,single-stranded. ve i all e sane
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l'ine in fge gl%geml}y@nﬁbﬁ acid fragnments that were doubl e- stranded during
the first dinmension but single-stranded during the second dinension form

an arc, as these fragnments nmigrate relatively faster in the first dinension
than in theSagposihndedmucdéioacidsThagredos migrats relanuthedewerdhah theivglobldependent

separation of sjngle- an uh) e- str.and nucl ei c id fragnents is
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If two nucle ne si ngl e- st randed,
and the ot hegystanrhe siapleatdedbdafagnieapstioaldist lotatédertically above the double-

stranded fragment.

Nucleic acids fragments in the gel can be readily detected using standard biochemical
techniques. They include well-known methods such as staining of the gel with

20 fluorescent nucleic acid stains, like ethidium bromide (EtBr) and SYBR® green I or
II, using detection systems familiar to those skilled in the art. Nucleic acid fragments
can also be detected using isotopic or non-isotopic pre-labeled nucleic acid fraéments
and detection systems such as films, phosphor- and fluoroimagers, or similar

methods familiar to those skilled in the art.

25  Isolation of nucleic acids from the gel after the 2D-SDE separation may be done
using well-known methods such as elution from gel pieces and electro-elution.
Nucleic acid fragments may in some embodiments of the methods contain adaptors

for e.g. PCR amplification after isolation from the gel-matrix.

In accordance with the first major aspect of the invention described above the

30 methods of the invention can be used in different embodiments.




system the single-stranded fragnent should be |ocated vertically above the
doubl e- stranded fragnent. Nucleic acids fragnents in the gel can be
readi |y detected using standard bi ochem.cal techniques. They include
wel | - known net hods such as staining of the gel with 20 fluorescent nucleic
acid stains, |like ethidiumbromde (EtBr) and SYBR(r) green | or [|Il, using
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sarrpl es that’ been prepared in such way that the 5 length distribution
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the neth desGr | onal
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Bul ge-contai ning DNA fra have |ower “mgration velocity conpared to

their perf ecstgnded I ds waraﬁ@lpé’rﬁt@ gt evithaeumitheut ¢ M aisdeWheniicisemsepar at ed
In PAGE 95 | \%afgrrﬁegtrs ar é[e%gr%rted m%elﬁr s%?gle—yglfa'aea Poq‘mstﬁggﬁall migrate essentially

according to their length, especially in gels containing urea. Therefore,

heteroduplexes containing bulges can be separated from perfectly matched DNA

fragments, using 2D-SDE, in such way that the bulge-containing fragments are

located in front of the arc representing double-stranded perfectly matched DNA
20  fragments after the separation.

As illustrated with a particular embodiment in Example 4 below the method is
powerful for estimation of renaturation efficiency and calculation of the renaturing
kinetics of complex DNA samples. In a typical embodiment of this kind, the sample
to be analysed comprises genomic samples or pool of samples that have been

25  cleaved, denatured and renatured (reannealed). The sample is than analysed using the
method described above in accordance with the first major aspect of the invention.
Following the separation the diagonal line representing the single-stranded DNA
fragments and the arc representing the originally double-stranded DNA fragments are

guantified, e.g. using a fluoro-imager.




15 fragnents are separated in their single-stranded formthey all mgrate
essentially according to their length, especially in gels containing urea.
Therefore, heterodupl exes containing bulges can be separated from
perfectly matched DNA fragnents, using Q%LSDE, in such way that the

bul ge-containing fragnents are located in front of the are representing
doubl e-stranded perfectly matched DNA 20 fragnents after the separation.
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for creating [JeAGRicHatep (BefRllahd Sambivakeob®en described in previous
publ i cations by one of the present

Yet a further aspect of the invention is illustrated with a particular embodiment in
Example 6. The method of the invention is used to reveal the composition of
uncharacterized nucleic acid samples. Such nucleic acid samples may be isolated

20  from various biological sources. One useful embodiment is to characterize nucleic
acids isolated from human plasma. Isolation of free nucleic acids from plasma can be
performed using standard methods known to persons skilled in the art. In this way it
is possible to reveal the composition of the nucleic acid in the sample with regard to
their strandness and also to estimate the length distribution of both single- and

25  double-stranded nucleic acid fragments.

As is illustrated in Example 7, one useful embodiment of the method enables
measurement of the efficiency of cDNA synthesis. In a typical embodiment of this
kind an isolated mRNA is subjected to a first strand cDNA synthesis followed by a
second strand synthesis using methods known to those skilled in the art. After both
30  the first and the second strand synthesis, the method of the invention can be used to
separate single- and double-stranded cDNA fragments. Further, the method allows




15 inventors, see in particular in WO 00/24935. and also by Lucito et al
i n the book DNA mcroarray (Bowtell and Sanbrook 2003). Yet a further
aspect of the invention is illustrated widh a particular enbodi nment in
Exanpl e 6. The method of the invention i'S used to reveal the conposition of
uncharacterized nucleic acid sanples. Such nucleic acid sanples nmay be
i solated 20 f.rom.vario ' b cal . sources ful enmbodinent.is to
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the first and the second strand synthesis, the nethod of the invention can
be used to separate single- and doubl e-stranded cDNA fragnents. Further,
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single-stranded fraction therefore becomes progressively more normalized, i.e. the
concentration of individual cDNA fragments becomes more even. One can obtain a
normalized sample by isolating the single-stranded fraction remaining after partial
20  renaturation. Currently the major bottle-neck in such an approach is an efficient
separation between single- and double-stranded products. The standard technology is
to use differential binding of single- and double-stranded DNA fragments to
hydroxyaptite columns. This technique is cumbersome and does not discriminate
fully between single-stranded and partially double-stranded DNA fragments. Using
25  the method of invention for physical separation of single- and double-stranded
nucleic acid fragments followed by direct isolation of the pure single-stranded
nucleic acid fraction from the gel-matrix e.g. by electro-elution may greatly facilitate

normalization of nucleic acid samples.

In a second major aspect of the invention, a method is provided to separate nucleic
30 acids fragments containing single-stranded breaks (including nicks) from intact

double-stranded nucleic acid fragments. The same experimental setup is used as




products in the sanples. Methods for normalization are based on the fact
that renaturation cDNA foll ows second-order kinetics and depends strongly
on the 15 concentration of each fragnent. Therefore rare gene products
renature less rapidly than the highly cdfcentrated abundant products.
During renaturation the remaining [ single-stranded fraction therefore
becones progr ssi.g% m)rci normalized, i.e, the [{! concentration of
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par ti al |y slouplhgr SbHARABANA fsROpRILSs Wil 08, LN O et | on
for physical separation o? si ngl e-iagdr%L %gh%féggls@g%%%ﬁﬁénuc éca%?ngs
fragnments f ol (ileer Withalit sisgle-stendedttirenis ohigrate egsentiallyiagirding ts dridengtRuc! ei ¢
acid fraction the . gel -matrix.e.q. hy electro-elution greatly
facilitate n%li %r‘gﬁq%l%ﬁflfi%%g@fn{ﬁ&ﬁq Qeein%t%EF i ﬂ?aﬁ“?g‘i“@@x @%Aeacrgqgggﬁgv% aspect
of the inventémbes aomp;elfmbnaﬁna@foﬁ:gétﬁgd sbRrARAROPLIPIIMGL £li€ Era%ﬂ A ififhe
fragments cont aini ng si ngl e-stranded breaks (including nicks From it act
doubl e- st r and&d: Jateet dublezetranded mupiainead frgoentagiveeisp by wvemqually egup i s used

26 d i | at] t i t,.of t i nti on.
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t he same m grﬁ%tigen elocity as their intact doubl e-stranded counterparts.

5 After the f HERGOHIE denafatitiyseandssepapation). Qne istd ths semetlengfied DNA
fragnments (wistthe Wt - ANd f entjally
accgr ding to tshei %%J)e%llgc{&ﬁyfe %@rﬁ%ﬁ%{c a@%ﬁ%@ggﬁn%%%gg%galg%ﬁﬁﬂdéﬁa in the
gel -matri x asweeseshasist Thsdwe sharber fragmensts aresconpighattey dehalotgafra@nent St r and

separ ati qQg) | cid fragnents i.n the gel. Intact
doubl e- s??an%&%ﬁc@gﬁé%ég?e?r?&@ﬂ%ﬂ}%g @Ha{?g rise to two equally long 10
singl e-stranded fragnments that are conplementary. A double-stranded nucleic
acid After temperature- or chemical-induced denaturation the gel is arranged for the

second-dimension electrophoresis. All nucleic acid fragments now have the same
strandness (i.e. they are all single-stranded). Therefore all nucleic acid fragments in
the gel separate based on their original length except DNA strands containing nicks
20  or breaks in the original double-stranded fragments. They now have higher migration
velocity consistent with their shorter length. Therefore the nucleic acid fragments that
contained single-stranded breaks or nicks show unique migration velocity in the
second-dimension. Such single—strgnded fragments migrate in front of the arc

representing intact double-stranded nucleic acid fragments.

25  As described herein, the method according to this aspect of the invention can readily
be applied to separate intact double-stranded nucleic acid fragments from those
containing single-stranded breaks or nicks. Single-stranded breaks in double-stranded
nucleic acid fragments are induced in various ways, including: oxidation, ionization
radiation, incomplete replication, UVA-radiation, incomplete ligation in recombinant

30  DNA, increased temperatuze, alkaline or acid buffer conditions, activity of sequence




that contains e.g. one single-stranded break (or nick) is results in three
single- stranded fragnents after denaturation (strand separation). One is
of the same length as the original dou%e-stranded fragnent representing
the intact strand and the other two aré shorter. The two shorter fragnents
are conplenentary to the long fragnent 15 and they represent the break

containing strand. .After tenperatures or chem cal -induced denaturation the
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fragment s nowbfiiéRalddCorSHR® enSirhey WIHES Setédt sPocifidI@Yions, Bukks, or mismatches
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unique mgration velocity in the second-dinension. Such single-stranded
fragments migrate in front of the arc_ representing intact doubl e-stranded
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si ngl e- st r angeabléy Bakseddy diffeteat chSinigl e-pHysiasidactosr eaks in doubl e- st randed
nucl eic acid fragments are induced in various ways, including: oxidation,
ionization radiation, inconplete replication, WA-radiation, inconplete

| i gation i n AsohebingmanBembddimentnf tecsineantion ppeidasiracthed toarpidly sepn aci d

buffer condit.ions,.activi of,.sequence .27 S pE1c il cking mes,
neti vty T0r Eradnts as bl BRI bR PO B 0P e,
enzymes Whi Charfl§it 8CdensResd dddCrehbic a6d sddmbtiaes coftiolapiihiaesthen adddde
genone, and activity of synthetic or natural occurring chem cal _conpounds

e.g. osm um Theerments isthem Eeatsd Walkspumes oF Feargistldhe copaaesEe-aRaCHifroni num 5
chl oride, ang i ggi!\g i : beS[ ) d with the
particul ar eg%glg%(rgr‘]eaﬁ S |rﬁ£1§xn{gﬂrf&1;%<gﬁ??&gs, &%glﬁégﬁhlfl%% a%eﬁ]iogdtéd;%%tgg%ﬁof t he

i nventi on camidmateissdn heterteliplekess Antpastted eadeimdlebses érsionnclesey and CRIA

sanpl es i nduced by different chem cgl..or physical factars. .Another

i nport ant? e g}f}lvﬁé?ﬁnf&}?oﬁf&c’ﬁi%ﬁ?ﬁ 8ﬁl’£ﬁfﬁgi%’&?%?5ﬁeﬁﬁaasnfl che5ardl 'y scan
smaller insertion/deletion bulges in hetereduplexes (Yao and Kow 1994;
Oleykowski, Bronson Mullins et al. 1998). Often such methods suffer from

background signal due to non-specific cleavage. Recently it was reported that a
thermostable DNA ligase may reduce the non-specific cleavage by resealing the

20  background nicks (Huang, Kirk et al. 2002). A particular, useful embodiment
combines cleavage detection with enzymes or chemicals and the methods described
above. The result is a powerful method to potentially detect all DNA variations
simultaneously in complex samples of multiple fragments. This method would
greatly increase the throughput of enzymatic and chemical cleavage methods and

25  therefore reduce cost of analysis. This special embodiment is called Two-
dimensional Nick-Dependent Electrophoresis (2D-NDE). 2D-NDE should not be as
strongly dependent on physical properties of each amplicon as e.g. two-dimensional
gel scanning (TDGS). For instance, amplicons do not need to contain only one
melting domain. Therefore, generation of multiple amplicons may be achieved with

30  diverse approaches known to those skilled in the art.




10 for nutations or pol ynorphisns in conplex sanples. Prior to the
screening the sanple is denatured and renatured and sonetines control
fragments are then added. The sanple is,then treated with enzynes or
chemi cal that generate site-specific %%| e-stranded breaks where
mut ati ons or pol yrmrphisms are Iocated that form msmatches in
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1 jar i ore—fel ting
donai n. Ther&t_@n_@cM@QeﬁﬁdéﬁvéwﬁbﬂnmﬁaQ@DNﬂpons rraybe ach| eved with 30
di verse approaches known to those skilled in the art. 28 Qher simlar
enbodi ments are introduced by conbing the method of the invention wth
ot her enzynes\ Rlinge DiNA et dipested ivdth\Be restticBotberlz@mi OWRIl rBsuP¥Y B fBrmaffohesi ons.
The net hg& (ﬁﬁﬂ \clﬁft‘h and the utility of the present invention can be shown
by the @ dfftsment Efﬁg@@ﬁ@ regingip size Relwesr £ in2aRsi g Affiey thegligestion
Exanpl es Exarmé @.nﬁﬂe%@s&%efi%toW@Q&@dﬁg&ggﬂ%§?@%ﬁ§&eiﬁfeﬁg% h GO ex

sanpl e containing Cy3-1abeled sing

COy5- 1 abel ed ¢uerhhegs usingddideav DNgmEntagilys IGTEY. The dihir a)lltq%t plasaBbelAn
the same way with Cy3-dCTP. After labelling reactions the products were purified

using GFX PCR and Gel band purification kit.

15 Fraction of both Cy3- and Cy5-labelled DNA samples were denatured at 95°C for 5
min followed by quick transfer to ice-water slush to form single-stranded DNA
fragments. Three pools of samples were prepared containing equal amount of Cy3-
and Cy5-labelled DNA. The first pool contained denatured Cy3-labelled DNA and
untreated Cy5-labeled DNA. The second contained denatured Cy3- and Cy5-labeled

20  DNA fragments. The third contained untreated Cy3- and Cy5-labeled DNA
fragments.

These three pools of samples were independently separated by 2D-SDE. The gel-
matrix consisted of 10% polyacrylamide prepared from 29:1 acrylamide:
bisacrylamide mixture and 7 M urea. The gel was polymerized in 1X TBE buffer (89

25  mM Tris base, 89 mM borate, and'2 mM EDTA). The first dimension electrophoresis
was done in BioRad Mini Protean II vertical electrophoresis system. The gel was run
at room temperature (RT) for 1 hour at a constant 20 mA in 1X TBE buffer.




2 Phage DNA was digested with the restriction enzynme Ndell resulting in
formation 10 of 116 different fragnents ranging in size between 12 to 2225
bp. After the digestion the sanple vvaszgi vided into two aliquots. One
aliquot was | abelled by extension of [ oVverhangs using Kl enow fragnent and
Cy5-dCTP. The other aliquot was |abelled in the sane way with Cy3-dCTP.

After | abelli eactions. the, pr.oduct re purifie sin P and Gel
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sanpl es wer edistibytpnPne ohthe P G dobyraiuahBibss Was Plegesl ondap ofps gehpel | ed DNA.
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Cy5-1 abel ed %ﬁg %Eﬁ%gglgg%ﬂconpggn%%denat 5%13%5%? aﬂgl% Cy5-1 abel ed 20 DNA
fragnents. The third contained untreated Cy3- and Cy5-1 abel ed DNA

fragment s5 TResad dihesidogd slebiomhorthis &8s \d6hi€in JPepande Mdliplee batiadea by
2D- SDE. The gel- matrix consisted of 10% pol yacryl am de p ared from29:1

re
acryl ani de: clsriEepbpiasigfyeiemnihe g0 evagri af R, pewan Q‘H@t@éhleﬁﬁgdwn zed in
1X TBE buffe Ir] = TA). The first
di nensi on el élg%t?%&égers ggqséggj lﬁaggg?ﬁg%%g%%tcﬁfsﬁw ?%te{;é\fn I zlerti cal

el ect r ophor e€bsancztish betwedh elegeddenirsbufien chaiberoanh gobnmpaizatvay ahidwed withr 1

hour at a constant 20 mA [n 1X TBE buffer. 29 After first dinmension

el ect r ophor eBHXT elereds Wiekhidwi ch was pl aced on a heat-bl ock (dri-bl ock
Techne) and incubated at 92C for 3 min. To ensure better heat

di stributiong one of -the.92 | um . Dl t t he
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hori zontal electrophoresis system The gel was run ac{e RT, pe(ipendi_cul ar to
%néé%% Ectipny a0

. gel
the first di endeegh6d) ey PP gamsaipnifitier fiir (e SHegaion
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and gel-matrix wa w th paper electrode wcks. 10 Fl uorescent
detection of DNA fragnents was carried out using fluorescence-scanning

As shown in Figure 1A, single-strand DNA fragments formed a line lying diagonal .
15  through the gel (red). double-stranded DNA fragments formed an arc lying left to the

line of single-stranded fragments (green). 2D-SDE of pools of denatured Cy5- and
Cy3-DNA fragments (Figure 1B) and untreated Cy5- and Cy3-DNA fragments
(Figure 1C) resulted in co-migration of Cy5 and Cy3 labelled fragments (yellow line
or arc, respectively). If all DNA fragments were denatured the line was comparable to

20  the red line in Figure 1A. If all DNA fragments were untreated the yellow arc was
comparable to the green arc in Figure 1A.

Example 2: 2D-SDE for stranduness and length-dependent separation of a complex
sample containing Cy3-labeled single-stranded DNA fragments and Cy5-labeled
double-stranded DNA fragments derived from human genomic DNA.

25  To further examine the capacity of 2D-SDE, corresponding experiments as described
in Example 1 were performed, now using Cy5- and Cy3-labelled Ndell digested
human DNA. Genomic DNA was isolated from whole blood (Puregene DNA

© isolation kit, Gentra Systems).




node of the AP Biotech's Typhoon 8600 vari abl e node i nmager, with excitation
wavel ength 633 nm and the 670BP30 em ssion filter for Cy5 detection and
excitation wavelength 532 urn and the 580BP30 emi ssion filter for Cy3
detection. As shown in Figure 1A, singl e&0trand DNA fragnents fornmed a |ine
| yi ng di agonal 15 through the gel (red). doubl e-stranded DNA fragnents
formed an are lying left to the Iline of single-stranded fragnents (green).
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in Figure A If all DNA fragnents were untreated'the yell ow arc was

conpar abl e t siransied gragmenis (grepm). Nogepasation of Bhiivpansls avas 2btagre dug o ter andness
d | th-d e Nt | . | | LNl - | abel ed
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fragment s dercomerirg demaintsteCy B Radicsy3 DA f2pmdats (FipireoB) axd mhinetdd@yscapaci ty
of 2D- SDE, correspondi ng experinments as described in Exanple 1 were
perforned, néif ﬁé{?ﬁ?}gﬁf@gm&mﬁ (Fygyrg %@é?ﬂ“@ég MR- T R RSP W HOGHEIATONA.

CGenomi ¢ DNA el Ate whol.e £ Eh5 or i kit,
CGentra Syste\en%?? tg’?ﬂ& Q%?Nj it glrmlrweegea Fsﬁfmggﬁg obt al neoéh%g&?%{roqtﬂﬁe , %
phage DNA i nré&klamphdigure B4. HredviDNAnfragiiegisiveer@dntreatdd the yajlosv st mamded DNA
fragrrentﬁ forma I'ng l.yi ng di ag&g.al t.hrough the gel (red).

Doubl e- st Pan§¥PBRINCLP Hyreetinare B MeWs 24k e Iying left to the line of single-
stranded fragments (green). No separation of DNA bands was obtained due to
Lhe 5 Jreat ot 3ublanokce) BLI0RRLL ileod BEBL AR in o
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(Fi gure 2B) aodplerDEAtsedpley5- and Cy3-DNA fragnents (Figure 2C) resulted
in co-mgration (yellowline or arc respectively). If all DNA fragnents
were denatured the |line was conparable to the red line in Figure 2A. If

al | DNA fragdeitisbmeN firgmendtvend amipéfigefipaexan ¢ 1 nthe C-kit gene from an
individual known to be heterozygote for a 9 bp deletion mutation in that exon. Such

15  amplification resulted in four different DNA hybrids. Two homohybrids (265 bp and
274 bp) and two 265 bp heterohybrids each were containing 9 base bulge in either the

sense or anti-sense strand. The PCR products were purified using GFX PCR and Gel
band purification kit.

GeneRuler™ 100bp DNA Ladder Plus (14 fragments ranging from 100 to 3000 bp)
20  was labelled with T4 DNA polymerase (Fermentas). The ladder was first treated with
T4 DNA polymerase without dNTP’s. Under these conditions the enzyme has strong
3’ to 5’ exonuclease activity. Mixture of Cy5-dCTP and unlabeled dATP, dTTP and
dGTP was then added to the reaction allowing the enzyme to have strong polymerase
activity. The ladder was then purified using GFX PCR and Gel band purification kit.

25  The PCR products and the Cy5 labelled DNA ladder were pooled and separated with
2D-SDE using the same conditions and setup as described in Example 1, except the

second dimension electrophoresis was performed at 55°C.

After 2D-SDE separation, the gel was stained with Ethidium Bromide (EtBr) (1 ug/
ml) in 50 ml of 1X TBE. Fluorescent detection of EtBr stained or Cy5 labelled DNA




10 conparable to the green are in Figure 2A. Exanple 3: 2D SDE to reveal
the presence of bul ge-containing DNA fragnents in a conplex DNA sanple. A
274 bp DNA fragnment was anplified from exog 11 in the CGkit gene from an

i ndi vi dual known to be heterozygote for a bp deletion nutation in that
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C y5-dCTP and mmlt@b&lc@ﬂlt&iﬁai& dTTP and dGTP was then added to the reaction

al l owi ng the enzyme to have strong polymerase activity. The |adder was

then purified using GFX PCR and Gel band purification kit. 25 The PCR
fixample 4: 20 SDEFDbEN ’d@frammmmn@fﬁdemmdn&eeﬂaﬂaﬁmdoﬁmm

2D- SDE usi ng the sane ond|t| ons. and_setup as described in Exanple 1,

except the secoddd Ot BE3883N0r esi s was perforned at 55C. After

2D- SDE separ ati on, the gel was stal ned vvlth Et hi di um Bromide (EtBr) (1 g /

i 50 i X T. | f Et d 5
Ia%)e: led DNA g&%ﬁ%@ﬁ%‘n( Quﬂﬁé\esc If&(})e?lt"% ﬁogfz St qc/)n 8600
variabl e node BiRGRhees) AS0PS, ?ﬁﬁ"@?edtéb & éaﬂgwﬁ@oﬁnteﬂﬁéiﬁg%rﬁ H%{tﬁg%(sbm or at e

fragments formed an arc. The t ments cont al ni n
in front oIOth&a@mgntafang@gﬁ@exzeﬁmna@ thEgB62 DA Thadigesicé DNA gae thendatielied

second di nensi gn Ve al o,their perfectly 5 matched
count erparts. F%fs asﬁlesc?gé&e%iﬂp& %tl mati on of renaturation efficiency
and cal cul ation of renaturation kinetics of ? phase DNA. X Phage DNA (10

30C “Thi s o7 oat gb ter Qe Sty i athellod ANy ABELER Y Ras PO RRE ARG 16

ul of 0.3X SSC) were denatured at 95°C for 5 min. The temperature was then

decreased to 68°C at maximum rate. Samples were directly transferred to ice-water
15  slush at time points of 0, 1, 2, 5, 15, 30, 60, 120, 180, and 1440 min.

Each sample was separated using 2D-SDE in 8% PAGE containing 7 M Urea for 45
min in the first dimension and at 55°C for 60 min in the second dimension.
Otherwise the same setup was used as described in Example 1. Examples of

separation at several time points are given in Figure 4.

20  After electrophoresis all gels were scanned for CyS fluorescence as described in
Example 1. We measured fluorescent density of the arcs representing single-stranded
DNA and double-stranded DNA for all time points using ImageQuant 5.1
(Amersham Biosciences). From this data we calculated the fraction of single-
stranded DNA for each time point and plotted 1/fraction single-stranded DNA vs.

25  time (Figure 5). The plot should give a linear relationship if the data reflects ideal

| second order kinetics with the slope of the line representing the apparent second

order rate constant k. From the best line equation t,, was calculated to be 7110
seconds, and Cgt;, to be 0.24 Ms. ACot curve was also plotted for the reaction and

compared to the ideal second order Cyt curve (Figure 6).




10 fragnents ranging in size from6 to 18362 bp). The digested DNA was then
| abelled with Cy5 as described in exanple 1. Ten identical sanples of Banl
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Free nucleic acids from plasma of a healthy adult were isolated with the High Pure
15 - Viral Nucleic Acid Kit (Roche). Manufacturer’s protocol was followed but with five-
fold volume of all reagents. After isolation, the uncharacterized DNA sample was
concentrated using SpeedVac. The concentrated DNA sample (23 ng/ml) was
separated using 2D-SDE as described in Example 1. After 2D-SDE separation, the
gel was stained with EtBr and scanned as described in Example 3. 2D-SDE revealed
20  that this uncharacterized nucleic acid sample from plasma contained both single- and

double-stranded DNA fragments of various lengths (Figure 8).

Example 7: 2D-SDE to estimate the efficiency of cDNA first strand synthesis

High Range RNA ladder (200 to 6000 nt) was purchased from Fermentas. The ladder
was subjected to first strand cDNA synthesis using the RevertAid H Minus First

25  Strand cDNA Synthesis Kit (Fermentas) where cDNA synthesis was primed with the
included random hexamers. Cy5-dCTP was added into the reaction mixture to label
the synthesized cDNA strand. Samples taken after the first strand synthesis reaction
were mixed with 100 bp double-stranded DNA ladder (Fermentas) and separated




10 conditions as in Exanple 3. After the separation the gel was stained
with EtBr and fluorescent scanned as described in exanple 3 A considerable
fraction of the PCR products was single-stranded, denonstrating efficiency
of anplification (Figure 7). Exanple 6:3%2D-SDE to reveal the conposi tion
of an uncharacterized DNA sanple Free nucleic acids fromplasnma of a

heal thy adult were is ted wwth the H gh_ Pure 5 Viral _Nucleic Acid Kit
(Roche) . I\/!anﬂ:‘?laélﬂ%?r%?‘gb%pfré?é%? copsietioqns pnd sRbep seribeft 1 Exanplg 3d 2kb| ume of

al | reagent s gpAf fef&aldSiBhthE gﬂxu&mn%émfehq&ggaﬁaﬁ&%@kwe%ﬁdé% ) was

concentrated using SpeedVac. The concentrated DNA sangl
separ at ed usickgpeR-(BpEreR). dowerifibert repreutingthe RNA AN & hyebisgpforgwsgar at i on,

2D SoE T evoal BtHo AL s R S PR E PR IR ARaRETE T o
pl asma contai ned both single- and double-stranded DNA fragnments of various

lengths (Kig ‘E&%@e 8:%@%to7dete%%i% e%iﬁc Skl Bidd RedRE fid E&@}Eﬁl DA CDNA
first strand synihesis H g nge adder 0 n rchased

f rom Fer nent ggmplehe | adder was subjected to first strand cDNA synthesis
using the RevertAld HMnus First 25 Strand cDNA Synthesis Kit (Fernentas)
where cDNA synthesis_was prinmed with the _included random hexaners.

Cy5- dCTP was Vhgigpsumpdthgt deggtutation ithe 20 ¥DE systemaoublerfirandast N4 zed cDNA
trand. Sanpl ; the fi ' ' i xed
i th 100 by Rt EhEnt s non el e paNtoaXHh AR dBREMPDNAICT € T 1

t he 2D- SDE. Dhekbsanwouldrgivd figenis sanptk-sehdql BN Adfespasanbesiiofter thamathelogighal 2D-
SDE revealed that the n re contajned, | arge f RNA: hybrids as
expect edT{a Fi Jaride-gye dﬁ%iﬁ%@%ﬁeﬁ@ﬁ%ﬁﬁnﬁgﬂiﬁé %@%‘%@‘E‘F is
formed (gr e%ﬂﬁontﬂfﬁ?@d}g ré;gggeg%rgmgdaﬁm&m@@w&ﬁag%éﬁg %lteét if iR

RNA: DNA are. 5 Exanple 8: to detect site-specific single-stranded
breaks in compssihle e 2PaiiPEaas ateoldosdeiention hnd quentificatibmredtsingte-$tomdi n t he

2D- SDE syste bl e-str e f nent ont ai nin icks or

single-str ang’teég‘%&ecgﬁ? ?Xnﬁitgﬁ%ga&%g@spfﬂ%g’?%%e e%a‘@?ﬁ%#@%ul d give rise

to single-stranded DNA fragnments shorter than the original .
A Pbage DNA was digested with Banl and labelled with Cy5 as described in example

15 4. Cy5-labelled Banl digested A phage DNA (500 ng) was then incubated in 50 pl of
1X NEBuffer N.BstNB I with 10 U of nicking endonucleases N.BstNB I (New
England Biolabs) for 60 min at 55°C to generate site-specific single-stranded breaks.
DNA was purified from the reaction mixture using GFX purification kit.

N.BstNB I treated DNA. and untreated control DNA were separated using 2D-SDE

20  using the same conditions and setup as described in Example 3.

A considerable quantity of DNA bands lying in front of the arc representing the
double-stranded DNA fractions was detected if the DNA is treated with the specific
nicking endonuclease (Figure 10).

Example 9: 2D-SDE to detect oxidatively induced single-stranded breaks in
25  complex DNA samples

Cy5 labelled A Phage DNA (prepared as described in Example 4) was exposed to

H,0; in a Fenton-like reaction to form non-specific single-stranded breaks. A phage




10 doubl e-stranded DNA fragnents. Such single-stranded DNA fragnments wil |
mgrate in front of the arc representing intact doubl e-stranded DNA
fragnents. To test if it is possible to use 2D-SDE as a tool for detection
and quantification of single-strand bredks in conplex DNA sanples the

foll owi ng experinment was perforned. 2 Phage DNA was digested wth Banl and
| abelled with Cy5 as described in exanple 15 4. Cy5-1abelled Banl

di gest ed, phalglADNAS MEDTanigyubates it 2Onuliofi 6 2k, 0h (MBRkYAn0.4 nit AMEBNS f er
N.BstNB I with,1l i-cki e ucl es N.BstNB |, (New Engl and

8 ol abs) for @aakkeRh. et 88 SREAPE SRESubs i eciohy P oAby
breaks.  DNA agisngdU [l éf@ﬂMEgm‘At(Bfgrﬁ@aCti on m xture using G-X purification
kit. N.BstNB | treated DNA and untreated control DNA were separated using
2D- SDE 20 using the sanme conditions and setup as described in Exanple 3. A

consi der abl e Asamexdnyple DNANAagaads treated fpr iSiminrvaitt Had, dndemated ef@3ent i ng

t he doubl e-sbﬁ?g&ed DNA fractions s detected if the DNAis treated with
the speci fi ¢ PNACKRSESIEhEER Senaated withi2R P DE 1ing thsasmms| conditiopragetunpsdet ect
oxi datively indussd 8 FrgnsreSt NAPYE da@‘lg; ' ex:INA Cy5

| abel | ed | Phage DNA (pre aer eé as E‘rSCI’I e%éclglﬁs@%rrp eeh%&was ﬁ%)%%%s“g% to
H202 i n a Ferarorcprésentingdubleentranded DN frapmene birf iocstohg gigaalsporntied br eaks.

a, phage 34 D?‘\%% 28 was. i ncubat ed i 0 gl of 0.2 mM H202 (Merck) and
0.4 mM cusos ™ {%@nqﬁ%ﬁfo&%}x Ogsmﬁg?'&%ge‘gm%@dlg’rﬁuﬁ 121iiubsequent ly the
reacti ons were quenched by adding 1 N1 of 0.5 M EDTA (Sigm). As an
exanpl e DNA fgagERt®. bhHe L0 WLt by 2 and.untreat ed trol 5
DNA fragment $ Ver sepa?}?ﬁe%%véstg%ytgﬂgéugm%ghﬁﬁeL%@%@?ﬁi n??xoﬁo nd
setup as 10desemphssd i n Exanple 3. A wi despread fluorescent signal was
detected in front of the arc representing doubl e-stranded DNA fragnents,
but no strong signal spots. This indicated random formation of
si ngl e- st r andeBhagedANS. waidigested With Banl ang labelldl wilDCRDEs descrilseiiy Example
tenperat ure-i adat.ion in conmplex DNA 10 sanpl es Phage DNA was
di gested wit h‘ﬂ gg’ﬁﬁg%‘fﬂ@%ég@w&% PhreeBNAL22ag) ap dnpubpiedimnfhikof water

for 20 hours at either 4°C or 60°C.

These two DNA samples were separated using 2D-SDE using the same conditions
15  and setup as described in Example 3. The 2D-SDE separation revealed that these
extreme conditions induced non-specific single-strand breaks, single-strandness of

DNA fragments, and total denaturation of the two the smallest double-stranded DNA
fragments (Figure 12).

Example 11: 2D-SDE to assay DNA degradation during long-term storage of

20  complex DNA samples

A Phage DNA was digested with the restriction enzyme Ndell, labelled with CyS5 and
purified as described in example 1. The sample was kept at 4°C for six months in 1X
TE buffer. An identical fresh DNA sample was prepared six month later and these
two samples separated using 2D-SDE as described in Example 1.

25  The 2D-SDE separation revealed that the long-term storage of linear DNA fragments
induced site-specific single-strand breaks as can be judged by increased density of
DNA bands lying in front of the arc of intact dsDNA fragments (Figure 13).




4. Cy5-labelled Banl digested 2 phage DNA (228 ng) was incubated in 20 | of
water for 20 hours at either 4C or 60C. These two DNA sanples were.
separated usi ng 2D SDE usi ng the sane cg ditions 15 and setup as descri bed
in Exanple 3. The 2D SDE separation reveal ed that these extrene conditions
i nduced non-specific single-strand breaks, single-strandness of DNA
fragments, and total denaturation of the two the snall est doubl e-stranded
DNA fragnenBSﬁT¢W&hre 12). Exanple 11: 2D-SDE to assay DNA degradation
during |long-termstorage of 20 conplex DNA sanples 2 Phage DNA was
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| inear nucleic acid nolecules froma mxture, conprising the step

provi ding a %deéﬁxmﬂﬁﬂ@l%emnwlﬁ%ﬂeémmB@heﬁchlabaiawm&)e in an
electrophoreﬁﬁ gl and el ectrophoresing in a first dinmension said sanple
usi ng a denafuring agent in a concentration that does not cause )
denaturation of doubl e-stranded nucleic acid fragnments but confornmational
di fferences including | ocal intranol ecular secondary structures

QD




of single-stranded nucleic acid fragnents are mnim zed, allow ng
separation 10 of equally long single- and doubl e-stranded nucleic acid

nol ecul es; - denaturing said sanple in sa&7d gel such that strand separation
of doubl e- stranded nucleic acids is obtained, by incubating said gel with
a denaturing agent and/or at an el evated tenperature above the estinmated
melting tenpeliighire of the sanple nucleic acid fragnents; 15 -

el ectrophoresing said gel in a second dinension under different conditions
than in the fUrﬁkn&MﬂF@%SQRMeé&kﬁfﬁﬂﬂuk%ﬂk@&ﬁh&&ﬁn&&nﬁﬂﬁﬂ&S&& agent, that
prevent re-formation of ubl e strands, to separate the fractions of

si ngl e- st r andeiecales fivoubmexteter compmtsingtbe sfeps efci ds i n t he gel . 2. The

nmet hod of claim 1 wherein one or nore denaturing agent(s) is added to the
20 gel prior to the first dinension el ectrophoresis in a concentration such
that conf or nat irspfingiafspaplernd ayclgistagidanolgeiles e- st r anded nucleic acids are
m nimzed but double-stranded nucleic acid fragnent remain intact and such

that | ocal intra Iecular econdar structures_o Ie straqded nucl ei c
acid fragndnts dPaiingfad sAmplein sclectropheresipeddnd 4 E Oﬁ"ﬁlr’cgdnél Y$m 1 or 2,

wherein said O“Qilﬂénsrm{ &id yﬁélﬁ%a d&aatur&n%%g&(ﬁﬂ a'cénc%‘ﬁ{r%necﬁatfcfo@m the
group consisting of aliphatic al ol nmet hyl, ethyl, isopropyl,

2 Elr ogygl cglhlolyl nobcaupe denagummwhfdoahld sgm)ededaiucbmﬂcgi ﬁaginedn@s{lhgl ene gl ycol;
i s in ng, ¢yl ohex en
et hyoxyphenol - SPEERAriR Y REBARRel RG] et Rtar SO Rer HEHhsSani 1 ne,

pyridine, purinefsihgte-dHafdanticlddiidd ﬁhgﬁéxﬂ@@m n@diffniasd, A0bwingzepLaticn des
such as formam de, ethyl formam de, dlnetq%ﬂfornanlde acet am de,

N-et hyl act ami def eqwalislengsegicd and sonbliewtrandsd awrlsivasidimolegilys ol ani de,
t hi oacet am de, val erolactam 5 urea or urea related conpounds i ncl udi ng

car bohydrazi de, 1, 3-dinethylurea, . ethylur ylurea |ourea and
al |yl t hi our ea™ @s%w&dmﬂlﬁm%i&ﬁlé%% atstr&p lePefﬂ lesnd

N- pr opyl ur et han 1strgﬁ gl'a{csac}da% M%Hgd }ég@ﬁ&bé@ﬁ?ﬁ% %él @ defad Qe

cyanoguani di ne, gl yci ne, e and acetonltrlle 4.
The net hod accoragem@nd/or airap abefvatddaenmeratu&; abbuc theesstimetepmadiimgy esti mati ng

the temperature of the sample nucleic acid fragments;

15 - electrophoresing said gel in a second dimension under different conditions
than in the first dimension, altering temperature or chemical agent, that
prevent re-formation of double strands, to separate the fractions of single-

stranded and double-stranded nucleic acids in the gel.

2. The method of claim 1 wherein one or more denaturing agent(s) is added to the
20  gel prior to the first dimension electrophoresis in a concentration such that
conformational differences between double-stranded nucleic acids are minimized
but double-stranded nucleic acid fragment remain intact and such that local
intramolecular secondary structures of single-stranded nucleic acid fragments are

minimized.

25 3. The method according to claim 1 or 2, wherein said one or more denaturing
agent(s) is selected from the group consisting of aliphatic alcohols including
methyl, ethyl, isopropyl, n-propyl, allyl, butyl, isobutyl, and amyl alcohols and
ethylene glycol; cyclic alcohols including cyclohexyl, benzyl, phenol, and p-




10 Il ength distribution within one or nore of said single-stranded and

doubl e-stranded fractions after their separation. 5. The nmethod according
to any of claims 1-3, further conprisingisanalysing the relative amunts of
si ngl e-stranded and doubl e-stranded nucleic acid nolecules after their
separation. 15 6. The nmethod according to any of clains 1-3 further

So 11 agrent DePhEEnmol RPh8 id% Bt 53R Bbul iR RdEERAIE BT, TuE) °L
wherein sai d pafdihe paoigidsdisxanybhteiolacamne hnliragnatitslgeahdddsadch s0m DNA, ’

RNA, DNA/ RNA hybrids, c¢DNA, = PNA, PNA/.DNA hybrids,. or PNA/RNA hybrids or
m xt ures of ammlf%@%&%ﬁwm%%%ﬁw&%mﬁﬁ pestamigde; Iﬁ?f‘hy@"eai*f?éa/q’ret hod
according to g i T4 i %@%& +81 LR : : ices are
separ at ed froﬁwdggﬁftg&%ﬁwﬁg’cp r%ﬁ%hl\llg\e’hy r }agfg%.tﬁ'?'%%%nr%l%g%g%%i ng to
any of cl at nsutka oy uscheelaied compounds lirelwlirgdabdydpiide; k3-divethylotkaf r om a

genone or transcript fromone or individuals, 2 0. T nmet hod
according to Efﬁﬁliu}:ﬁgi%ﬁy]ﬁﬁé‘&‘f%r?ah%nﬁ@ﬁgioeregcf%g%%ﬁﬁ 18§1u§51ﬁﬁxrr$§a& cDNA
prepared fr OWNQﬁahﬂhrdﬂWn%_nHmdbﬁiipSiM?étﬁm, 3&ergddts indNalinETwech 4-a@Thitog t 0
claim1-8, wherein the said nucleic acid sanple is a_ genomc

repr esent at i ot~ K9apranegygiding swénidefelysiire fincty sylfexide andresipaitale- f r om one

or nore individuals. 12. A nethod to nmeasure the renaturation efficiency of

a nucl ei c aci I subj.ected t enat ur at j,on and.r.enat.urati qn,
conpri si ng thg' iﬁg%’gt%g AP lﬁﬁi‘h%ﬂi’ q%ﬁPaHBF i%nﬁf{hf&?ow%g ‘?fthfnr? n%&‘fer ved
rel ative gyrouRhsmfdishitdod-withis ofOshere kARG c-MaH&I shdafouBlefsandant s i s
quantified, follow ng the separation. 13. A nethod to characteri ze

st randness of fipetiogsigiter thdir sepasatienei ¢ acid anplification, wherein follow ng
the anplification, single- and doubl e-stranded 10 nucleic acid nol ecul es

are separated in he nmet hod of claim1-11 erein. the observed rel ative
anounts of si %gﬁ’@ﬁ%{ %&Wf@@pﬁp&ﬁ@a@ﬁﬂc%@eﬁ%a%w&éﬁ& §n8 \Elhﬁe
quantified and) e anehas B Shelklstiiidiand abulashaddeaahition LrfRsIRENSI-

after their separation.

15 6. The method according to any of claims 1-3 further comprising the step of

isolating at least a part of said separated nucleic acid fragments from the gel.

7. The method according to any of claims 1-6, wherein said sample comprises
nucleic acid fragments selected from DNA, RNA, DNA/RNA hybrids, cDNA,
PNA, PNA/DNA hybrids, or PNA/RNA hybrids or mixtures of any of the above

20  mentioned nucleic acids.

8. The method according to any of claims 1-7 wherein double-stranded

DNA:DNA helices are separated from double-stranded DNA:RNA hybrids

9. The method according to any of claims 1-7, wherein the nucleic acid sample is

derived from a genome or transcriptome from one or more individuals.

25 10. The method according to claim 1-8, wherein the nucleic acid sample

comprises cDNA prepared from one or more individuals.




14. A method to estimate the efficiency of either first or second strand
cDNA synthesis or both, wherein follow ng cDNA synthesis, the cDNA sanple
is 15 separated using the nethod of claiyy 1-11, wherein the

st randness- dependent separation reveals the anount of single-stranded cDNA
doubl e-stranded cDNA, and RNA: DNA hybrids; and the length distribution of
each of the thy oft,dihdfild ARSding R o AnTek AR HRIBICES. AiAUGISL fs ACT d
sanpl e conprising separating ngl e-" ‘and doubl e-stranded nucleic acid

nol ecul es i n geaiothis appdsentaiidhcdniygisingt hxamblsa of 2éhomliaseguénceapetphredtiiven t o
estimate the anmount of single-stranded cDNA, doubl e- stranded nucl eic acids
and the | engt ANGPISPPERAYi9HaSt both fractions, and isolating fromthe gel
the single-stranded fraction to obtain normalized nmaterial. 16. A nethod to
det ect bul ge- ¢oni aj nj - [ OIR-a NA, . conpri sing
treating the Z%ré?lg v?nﬂg%ga!%{é%g%tqg%%?é% %&&@8@%@3‘1&%% @ﬁ%g 25 1in a
bul ge- cont & nkubgectkaiLtbldensttiratiow extll rRuLh@tion,avmpbrising eedidtepsaithesmbhed irent | y

separating single- and doub|e-stranded nucleic acid nolecules in with the
method of cl SFIR i—,“mé?r_sinﬁL? Asest éﬂa%@sagn%beﬁﬂ%a?- %@&&PE YRSy eal s t he
presence of  Bulgea68MaBmBhR%s iﬁé&g&lﬁiﬁiﬁgt}éggpé%iorﬁ met hod to detect

si ngl e-stranded breaks 'n a conplex nucleic acid sanple, conprising the
met hod of claim 1, wherein the strands containing breaks give rise to two

or nore fragnentsmattodno tiadaeistaaineyofPrefuctsificEhudéie asiort er than
intact strands from doubl e-stranded nol ecul es of equal | ength and are

thereby resol ¥BRlilEatipRvhaien doliovapg terampieriion. wingls- #el dpubiakgrandgl A net hod
for nutatpn- $6a00504 nf ec%mlree%ggi‘gfeh%%ﬁ]% #leh8BE &im 1-39,”% ére ngﬂé B

providing a nuclelc acid sanple one or nore | ndiVi ua1 ,
denat uri ng t hebsBiNad seapleainponts fsolgld- had dodidbtearsitd andsicacid fegpenat ed, 10

- renaturing said | e/ poql a es. to formnuclejc acid

het er odupl exe%rCSB?fﬁﬁ%Eiaﬂﬁaﬁﬁﬁ?ﬁ%g@%@??ﬁt%? fraciiondsterignehi g ni xt ure of
renaturated nucleic acid duplexes with an agent that specifically induces
a singl e-strapded, biegl, alinthidi %?ﬁc(féhcy of either first or second strand cDNA

synthesis or both, wherein following cDNA synthesis, the cDNA sample is

15  separated using the method of claim 1-11, wherein the strandness-dependent
separation reveals the amount of single-stranded cDNA, double-stranded cDNA,

and RNA:DNA hybrids; and the length distribution of each of the three fractions.

15. A method to normalize a nucleic acid sample comprising separating single-

and double-stranded nucleic acid molecules in said sample with the method of
20 claim 1, and further to estimate the amount of single-stranded cDNA, double-

stranded nucleic acids and the length distribution of both fractions, and isolating

from the gel the single-stranded fraction to obtain normalized material.

16. A method to detect bulge-containing DNA fragments from a complex DNA
sample comprising treating the sample with an agent that cleaves a bulging strand
25  in a bulge-containing double-stranded nucleic acid molecule and subsequently
separating single- and double-stranded nucleic acid molecules in with the method
of claim 1, wherein the strandness-dependent separation reveals the presence of

bulge-containing DNA fragments.




separating dupl exes containing single-stranded breaks fromintact dupl exes
by 15 the nethod of claim17. 19. A nethod to detect |esions in conplex
nucl ei c acid sanples, conprising: - proviging nucleic acid sanple that
conprises nucleic acids fromone or nore individuals, - treating said
sanpl e of nucleic acid duplexes with an enzyne or agent that

20
specifically Lrd i =Sk ran 1 s lon, -
separati ng du;l)lla'eA)%l glgeﬁ}:ogrﬂ} g%t%?tﬁ%ﬂ@? %gﬂgléi Q(i ?I%glﬁsd g % C@P@gﬁ%éﬁ;a%gcm&{l%?aéﬁé? é’dupl exes
by the net hodomprisih@ihmniethod of claim 1, wherein the strands containing breaks give rise

to two or more fragments after the denaturation step, which are shorter than intact
strands from double-stranded molecules of equal length and are thereby resolved

5  from nucleic acid fragments with no breaks.

18. A method for mutation-scanning of complex nucleic acid samples,

comprising:

providing a nucleic acid sample/pool from one or more individuals,
— denaturing the DNA sample/pool such that double strands are separated,

10— renaturing said sample/pool of DNA samples to form nucleic acid

heteroduplexes comprising homologous strands,

— treating said mixture of renaturated nucleic acid duplexes with an agent that

specifically induces a single-stranded break at a mismatch,

— separating duplexes containing single-stranded breaks from intact duplexes by

15 the method of claim 17.

19. A method to detect lesions in complex nucleic acid samples, comprising:

— providing nucleic acid sample that comprises nucleic acids from one or more

individuals,

— treating said sample of nucleic acid duplexes with an enzyme or agent that

20 specifically induces single-stranded breaks in a presence of a lesion,

— separating duplexes containing single-stranded breaks from intact duplexes by

the method of claim 17.




