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rely on their strandness. For exanpl e, neasurenent of renaturation for

nuci ei ¢ aci dsinglepeaeieddmeaksllBigstlinaton of theprnoumt and the length distribution of
both single- and double-stranded nucleic acids in biological samples, IV) quality

assessment of nucleic acid preparations including PCR products and other ir 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



transition fromsingle- to double-stranded form Further, due to the
reversibility ofthe double-helix, in vitro conditions nay facilitate the
conver si ono@hosiesirse- st randed nucl ei ¢ aci d nol ecul es t opsirnggoses/@io@nded
nol ecul es, or vice versa. Renaturation i’s an inmportant step in many

di fferent nethods of nol ecular biology (e.g. hybridization, PCR and cDNA
normalization). It is therefore of great inportance to have sinple and
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non-specificity i.e. double-stranded nucleic
acid fragments in complex preparations. The strong binding-preference of double-

over single-stranded nucleic acids to hydroxyapatite allows 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,



acids are al so nicked and degraded to various extents. None of the nethods
descri bed above provide any direct information about the |ength conposition
of singl ewetn@ndswh4or doubl e- stranded nucl ei ¢ aci d fractcons2oos7ndher , only
t he hydroxyapatite method allows isolatPon of both the single-stranded and
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acid preparations.

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 class, II) estimation of the relative amount and
length distribution of both single- and double-stranded nucleic acids in biological

25  samples, IIT) 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 ir 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.



i sol ation of double-stranded nucleic acid fragnents containing

si ngl e-stranded breaks from bul k anount of intact nolecules, V) to nonitor
qual i ty olocosgul2swvanucl ei ¢ aci d preparations includi ng PCRigrosleod® and
other in vitro anplification products, @I) estimation of cDNA synthesis
efficiency and the exi stence of RNA:DNA hybrids in conplex m xtures, and
VTI) to nonitor efficiency of |abelling conplex nucleic acid
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conf or mat i OREakied el tripl@helixtk baf@dregd)l ar hydrogen bondi ng and fol di ng. ‘
D fferent |ocal intranolecular secondary structures of single-stranded

nucl eic acids can also affect confornmation; hence such differences also
fall under tAsasté&heremdhé termettcbofoahatitinffdeseiveethe ghobabdd shuetmiaef nucleic

Conf ornat.i onal, diversity is C re, constrained jn.doubl.e-stranded of
nucl ei ¢ 18ci @€1d Aplepesy H@W&ﬂ‘ﬁﬁg?gg@%ﬂ? W&S’ftao%ﬁrgo%%?%ﬁn YRS i on of
nucl ei ¢ aci ifBLAChRTmatods &Rl BBl hadmoleuseRAlraia voRlRpHndFoldaRor di ng to

conformati on cannot by used to separate conpl ex nucleic acid m xtures
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overall conformation 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 dimensional single-strand

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



according to strandness as it is designed for conformational separation of
doubl estranded nucl eic acid nol ecul es. Further confornational differences
of doubl esorasash7aol ecul es are ideal |y _enhanced or i ndecedsxus/ecogiot he
first dinension of 2DCDE whil e strandneés-dependent separation should
ideally reduce or elimnate conformational differences within both single-
or doubl e-stranded fractions respectively, to ensure separation_ only
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The nmet hod can however e used to separate single- and doubl e-stranded
| i near nucl gkgaratordwitbbyesiebeiing BitetinfeidibatkominforadatiomendslepgthaThe metlzebor di ng

to different |ength and fol d-back confarmatjon, of si e- st randed .
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fragnents based on a novel two-dinmensional (2D) gel el ectrophoresis system

The t wo- di ngnki-asklcosformaidoreefsinglerdtrandad flagmep@ndent el ect rophoresi s net hod
and system (for which the acronym 2D-SDE i s used herein) separates nucleic

aci d fragments based both on | ength and strandness in one
1 Summary of invention

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 compiex mixture of both and allows the
determination of the length-distribution within each population. The system ﬁlrthey

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



di mension but only according to length in the second di nension. The system
is capabl e of separating a popul ation of single-stranded fragnents froma
popul at i omoehosdasirse- st randed fragnents in a conpl ex m prunsoesodootoh and
allows the deternination of the |ength-@&stribution within each popul ati on.
The system further provides the option of isolating either or both
fractions. An ideal 2D SDE systemis preferably based on a single

gel - mat ri x sdciondl damgnsipnefeetropberbsie solie samealesgbrdependabmarnes, infercadart
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r enmoved) afﬁggﬁh%é%ﬁig@giw nrc}ﬁ%gi%oﬁl%togggﬁgﬁpq?he strandness of all nucleic
acid fragnents in such way that all nolecules mgrate in thesecond
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fragnents, in i but t.limited to d Rl t .
f or mam de, ﬁ?‘ibﬁgﬁ%ﬁ%@ Paﬂ%ssslugfélas *eérg}e{)a%grgtscg%%ﬂgggg ge@béf)agglggg%aonf al so be

used. Conbi BatH chemi@l ahd@pliysidabfictad arandephseditc ahsuraeffatise demtobti@n used to
ensure effective denaturation. The nethods of the invention can be applied
to nucleic acid fragnents obtained fromdifferent sources and they do not
requi re any Thpenéthddspfitlor inventiopusanbe epplist to hacleig eridi fragaments dbied ™. The

present inv i on provide eneral nethods that can be used i-n different
Pontext's ouGH BRI AT Ay AR GOV SIS Sy AL Dariol bRt of offoe thlleR

si ngl e- st r apgerrgmtknloubl estranded nucleic acid fragments al | owi ng
guantification and/or isolation of either one or both classes, TT)
estimati on of the anmount and | ength distribution of both singleand

doubl e- $0r amecredsnt inventinipaisvides denedabgiethalls thah@inds, usefin difasol emaxts of

renaturation kinetics,..| i sql ati on of doubl e- d . ei id
fragnents céﬂé%ﬁﬁ?lﬁﬁog}‘w&%i%?}%ﬁlégl %P@'&‘%éjn ‘?fsél?sﬁtl{’)'gﬁ% : ﬂgﬁ‘?ﬁflgl e—?ﬁ![ act
fragments, \QrafiB0 duRleid'8tidl dakhbits @ﬁo&ﬁgp;hmﬁﬂwﬁé@aﬁd/@qgaawmmﬂ s

including PCR and other in vitro anplification products, VI) estimation of
cDNA synt hesir doéf ¢lassesAD pstimatianted thimewn ged Wg&W.WQWMOQESmﬁ%OWpI ex

m xtures, a%%d@-\gglezs%aggﬁ ﬁu%feic%cfiélscih%?ﬁé(gical samples, IIT) measurement of
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  oflabelling 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.



of | abelling conplex nucleic sanples. The nmethod of the invention utilizes
a novel two-dinensional strandness-dependent el ectrophoresis system

(2D- SDE) .wobnoddmesdsr st di nensi on, single- and doubl e- st peamdsemosicob®i ¢ aci d
fragments of equal length mgrate at different rates. After the first

di nensi on separation, the gel-matrix is treated with a physical and/or
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doubl e- st raﬁﬂé?dztl?]ﬁ&Eeﬁyéteé‘Heﬁulﬁ%‘PléE%Fe@émﬁ%éf albpurleic @riddraginentsitesadhen run

preferably pgspspdidatdsain &2nHB8uki I AENSI unni the.secon
di mensi on at 90 to the first bdlﬁur%é{ﬁé?%fn&ﬁgilg%g}%lgt%%?&]er%é’s%ﬁﬁ"}cb ’%Ft hough
ot her angl esfragmenés dye sepseated aevording toethein tbndihndfigiation vulobRies oBghgef r agment s
are separate | y.__accor di to their |length because they are now all in
the single- ssgrrm_g@eé% ‘1% ?i‘flﬂr%’%ﬁg‘eﬁrﬁaﬁﬂé%%%@t}?qﬂégﬁﬁ@l% SHecabepar ati on of
al'l nucl &i ¢ iagifolktdaNRRbAIRPSBELRBs bI@hdle-ShARRANGSRIc Aol £AFERORY! ati on of
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accordi ng t dnigeized ihgtfist dimgnsien. ofhissidtsiin ifesnation off nglagshaldindedl nucl ei ¢
acid fragne : i iqensions, .as | acal Jjntranol ecul ar
secondary s P&r‘% %:e?‘{ﬁ:é&é Hg%ﬁ %{1‘% gt gé&ﬁl:gg%@g%ﬁ ﬁ%rle gfr{gleéﬁaﬂ‘%?‘?%l?fgﬁ flunegsigns.
m ni m zed i NMMigratidn veddcityi ofamusictmcid thgndr@sibi Ge bﬁgﬁﬁﬂﬁ&éﬁ&&s@ind@diﬂ agonal
| i ne of nucl gj acli)d fra%Fnents,of yaryiqr;% | engt h that” are single-stranded
in both di neqeitfg%ﬂ%.e%% iR diraensiqns (deblengiranded migrntion yelogibrin shetfirat ar e
ori gi nal{lgy [ hEk ¢ . Irensy ens

A9 Whitrepf fadiRf @fnitRe Shiikt %&%d%ﬁ%’ﬁgﬂ v%ﬁglti ﬁftg?seco @ &ggt er than

(doubl e-stranded mi'gration velocrty in the first i ive
t he singl e- sdiffenetiesinmrelgtive imogratien waldtity is tenpthedgeade) Thid Aifettinké fiaiRce i N

| at | i gr af j l.oci ty.is |ength: t. This diff , Its |
for mat | on ofe 3 SHhe 31 8 ot Lokl sFPLeH FPB AR RlreRt Reliod Merissneiedfagonal
line of the the bgiingily ¥inglenatdst MRRACE D HELRLEs A0k 5 %e&&m%niaémfn%ﬁ%ﬁf h
| e 1IN e

separation, both nucleic acid fragnent fractions can be quant
gel or isol sckbrageaciensnandg drudifisddn feigsl prisglatedt s migrate essentially
only according to their length in PAGE if the gel contains a denaturing

chem cal,.agent .in _sufficientl i gh
15 geé]ngle-stran ed Hacteic acid E‘agments migrate essentially only according to their

length in PAGE if the gel contains 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 single-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



concentration. For exanple, urea strongly reduces secondary structures of
ssDNA fragnents in PACGE (Viovy 2000). This behavi our of single-stranded
nucl ei ¢ awbDdsodmegments is used in common techni ques of pPDRAS®eRBOBI Ng.
Under such conditions, ssDNA fragnents behave as flexible |inear

pol yel ectrol ytes, allow ng separation according to the length of the

nol ecul e (Tinland, Pernodet et al. 1996). Although the addition of a

denat ur at i n@ri¢fetescdptiemefthe figuees as urea, strongly reduces secondary
structures of single-stranded nucleic acids fragnments, doubl estranded
nucleic acid fragments are not denat d trands_separated). Therefore,
the additi ofigwrel. é%?ﬁ??‘iﬁﬁ@a&?jé?ﬁﬁégbg:«@g BESHIER Hpapietly iﬂaé@-wggnem s
and doubl est el i gl ri-pg to their
ongt h but Rer T PEe R pae e Ao At DN A TR % e

si ngl e- and rdpebdmingtiichdegdefceagnent s of equal | ength do not
co-mgrate.Brief description of the figures Figure 1. Fluorescent inages of
2D- SDE anal yses from Exanple 1. The 2D- SDE system was used to separate

si ngl e- &nd ldeubyelebeled (gtesh) DM fragmenistveere wipreated pni iy sirrmaineg Hagdegenonre.

| A- Cy5-1 abel ed reen f ragnent [ reated.and t remai ned
doubl est ranfgﬁn&éﬁglﬁgﬁgﬁlgﬂg’%gﬁ%%n&é\% ger%l/%l/elg‘{rreecF es‘r?]%ﬁlﬁﬁtg%m{ég%m'

si ngl e- st r andgeblé-efrandeDogrbde) fiphrAGEO @ @end 2 wiRl enils-sirasdsdredn arc 2,
whil e single-stranded (red) fragnents fornmed a diagonal |line 1. Separation
was perf or meliegmeniiypade diagpnal line dg Seraraiienway msriopyehin HEoBMSIE apel ed
fragnents a I fragnments were denatured to single-stranded form
and co-mgra g%h???nu?%yel | ow di agonal line 3. 1C. Both Cy5- and
Cy3-1abel ed DNA fragnents were | eft untreated and co-migrated to forma

yel l ow gpc 41B/B&HEhd CH3-RGEIE gﬁgﬁqeﬁmna Ot THgBentstmerd Yeidited the

expected for single-stranded fragnments. This was npst likely due to
partial reansieglershgndsd feramand eaotpigraies|te famyayrllew dingmnpkliggvbnt s in t he

system before the second dinension el ectrophoresis. This fraction was not
seen when t hfc%gt%réyrgg Qrtld 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  reannealing of denatured double-stranded DNA fragments in the system before the
second dimension electrophoresis. This fraction was not seen Wwhen 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.



was repeated conducting the second di nension separation was at 55C (not
shown). Figure 2. Fluorescent inmage of 2D SDE gel anal yses as described in
Exanpl e 2vo2D@BEsovas used to separate single-stranded DR&TASH05/000019

doubl e-stranded DNA fragments representihg the human genone. 2A: A pool of
untreated (doubl e-stranded) Cy5-1abel ed (green) genom c DNA fragnents and
denatured Cy3-1abeled (red) genom c DNA fragnents was el ectrophoresed.

Si ngl e- st r aBGeBoNBY S+ mghEylt-kb¢led DNA Hagrechia wdicagdrated (doublesstanded)er e

eparated from doubl e-stranded ragnent een).that. formed an arc 5.
B ool R Tt BT o el iR B hoe Y M Skl
fragnments was el ectrophoresed. Al DNA fragnents co-mgrated in a single

di e . . Lo : . 5.
a0y an R oS oot Bl Gl £6) 08k sBEmBtR
co- m gr at ed usal toaeparate tarlge-Bontdininp hetsrodopleredirymalal mintire of heparfactiynal gel .
Fi 3, Fl i f t Br.- i ned, P, f D- SDE
ol yei o3 U MG SRETE 4 SReE i g brod (bhioas PERGRPEmH xt ur e of
14 per f ect| yyRRhHlieRd B idBaERN havings OPpIRIRAGn bie A o114 &4 bP

| ong PCR product "'was _anplified fromindividual having a 9 bp deletion in
one al |l el e &kisgere. TheiRCR resuidintfomation of eo PaRecertainingchefeanoduplergs i on of

two bul ge-c i kN eter odupl s_and. t wo_honmodupl exes. . The pr oduct
was mixed vl B hBhetBhERE : PRI B e At L Bt ol par at e
usi ng 2D- SDmatdHed DMB. fReieandal eyested Asind @D-YDBEThd o Hegitbdiblddeg(@t ed in
front of the arc representing the perfectly matched Cy5-1 abel ed

doubl e- 30r ardfedrepmin figwighangrated oy Sont o dheaarC ropagpsatinstha parfectly maickedgur e (R)
or yello i i i ith EtBr.
Th eyhorrt)\élvm(olYj x5 éléb%l%%g?%@ggﬁﬁ&g \r@%é%g'?‘ g%%?lég%ihz) %f%d %glggnr;c 3 ?%\%‘g?% Wlm' grated
as expect ed figurd @ aryellotv (Yhéf thel frityhertatveteddng endugh td stainrheaiboviiNA

Lo St "or B B e e SRk RARLES L ey A
denat ur at i onxpedted RIthY atd\6r tHé wﬁ:@@hablel'ea@eff@&[;ﬁfﬁ@@hémm@ag%ﬂemt e-stranded

DNA fragnments was detected. Wt

15  Figure 4. 2D-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 (e).

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 Cyt curve was obtained (plotted as red line). C,= total molar

30 DNA phosphate concentration, t = time in seconds.



| onger renaturation tine (indicated in mnutes), density of the arc
representing the doubl e-stranded DNA fragnents increased. Untreated DNA

m Xt ure oWVe0ld/Rs)7H0 an arc representi ng doubl e- st r andeacDhigrobs/@gom®nt s
shown in (e). Figure 5. Second order pl P for renaturation reaction
conducted as described in Exanple 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 t hdfignes t Flusressentdmagse aE YRPLYF enalysis tasttinpate anplélytod gowplex B

renaturatio gl | ast
time goi nlt E}géﬁg)g% ngc C% d?%\%ﬁ%g{ Ex@ﬂglug‘éﬁgl. YA@%@B%@"@. on EI neéllggs ofS
the DNA fr ag?@mr&c‘a&sm@elbgta@ﬂ)uﬁiﬁg 25SDESThd g tvas BtaEJedrmﬂeE’@Br aﬂa[tthe poi nts
ol vi ng- he PHEANOL SEGH e BFUBPGt s GO ORaEan N TSI (he
i deal Cot cuky ﬁséﬁﬁﬁg QMI@A'%I{&EO\RJ&@@b%eH%E hf@&ates%nsﬂ%@l'e afRLAY ofONA

phosphat e concentrati on, time in seconds. Fi &ure . Fluorescent imge of

2D- SDE anal WQ\U’S produgts mafilé cqmlqvqliﬂlbfeae@mﬁ\@@ @@@eémnsdﬁsger&l‘ﬁtluct ed as

descri bed |n cts froma conplex PCR reaction were
separ at ed u5| n@ %@émt‘%ﬁ e?}pﬁ’lag\?\% 9§rcﬁ]§§f with EtBr after the separation.

Both the arc representing doubl e-stranded DNA fragnents and the |ine

representingg Di%ﬁ%ﬁlﬁ&%ﬁ'ttlﬁ bf2BE @E 818T@eat6MEQQE@§h&9ﬂ§bflerable

anount of ss products Int e conp reaction. Note that EtBr stains
| onger DNA flrra@madbszmﬂdBNAl 1mle1t¢deﬁtoyn p]asma vhigeafthp adudts, cnmisncte&agdﬂfsen‘&d

Fl uores nal structure of

unchar a er| %ﬁﬂ@gg} alF B%Péﬁ ?leﬁé ‘fﬁ@%&f%@}m ohdtict ed as
descri bed i nqgdegasm! e 10. Bot h singl e-stranded and doubl e-stranded DNA
fragnents were detected. Figure 9. Fluorescent imge of 2D SDE anal ysis
used to reveal the efficiency of the first strand cDNA synt hesis, conducted

as descri bedFigur&E ditpdresciit imAfst ef 2DESDE iamﬂymsﬂisreé mmirazyaﬂtthesfﬁ%wnéy o3& usi ng
Cy5-1 abel ed dCTP roduct s were hu abel e 00 bp
doubl e-str an’g‘?H tfﬁg{ig ﬁiﬁ%@@%@%ﬁf@@ﬁ’ﬁ@ﬂ@%@ n% in EV%BB"PI‘* M 20w e et
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.BstNBI, 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 HyO; 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



green arcs/lines were obtained representing the RNA:DNA hybrids (12) and
the single-stranded DNA fraction (13). One red arc (14) was obtai ned

r epr esentwogodsnesEuBr st ai ned doubl e-stranded DNA | addePCTASmUS/@000.
Site-specific single-stranded breaks i ntla conpl ex DNA sanpl e assayed by
2D- SDE, conducted according to Exanple 5. 10A: Untreated Banl digested
phage DNA | abeled with Cy5. 10B: Identical DNA sanple as in 1?& treated
Wi th speci f oftheackieprgsentite doeblesyandqd BINABThis avas gredosianespspidie fprmpation

si ngl e-stranded .br eaks. . Al ter | : j anpunt  of
DNA fragmen? S]ﬂ%la'lsgr?%%dibﬁéa?(gblzrﬂ%g?&t Ee %%&?%E%%Ie t;tsnvéb]?ﬁltb gg}tiﬁéit P
doubl e- st r agded-sBNAdsd BemBRiae siasspehifien in 10A. Figure 11. Fl uorescent

i mge of 2D SDE anal ysis to detect oxidatively induced single-stranded
breaks in conpl ex DNA sanple, as described in Exanple 6. | Phage DNA was
exposed to HEEEre 2. Fhkesrcon-impgeot BASDEmaliis te apay fanererafuierigddasdspE.  As

can been_seen in the figure i d r O j gnal was detected in
frontof 1 hegﬁgrﬁga}i’é’ﬁroéf%&ﬂe%dﬁggﬁﬁ%égé raﬁ%%b%dﬁ]}%%me?'ms due to
non-specific formation of single-stranded breaks. Formation of fluorescent

si gnal spot §,uo gpg,:}?g s%?&{éﬁ%@‘ ubfreftd 1Oy Riabbled ][B%g%digéﬁ@d(ﬁ-pﬂ@geEDNA that

site-specific uorescent 1mge o0 DE analysis tq assay
t enper at ur eviasdiloted idditifledvrionant kapd atpt €xfoDRA hewsptererah Sigfespetsioted i n

Example 7. 12A; 2D- SDE separation .of untreate -l.a anl digested

| - phage DNALNA{TAgRen; ‘JIOH'@@?? eﬁec%ds{ni ’}f]?%a??&ag? %ﬁegmﬁ aﬁj‘t(ﬁg?ﬁ}gr&n &o‘g 20
hours. SevergiNA &hbineBdhdicinddNE-shecifeeiination uf sinfle-sttaidedbeehksi n front of
the arc representi ng doubl e-stranded sDNA fragnments, indicating
site-specific formati on of single-stranded breaks. 12B: Identical DNA

sanpl e kopt 12B: GotitaDRA shaplekept itdOPC $orcdd lury. &ndecowhicxirome, at | east

three different. changes in t DNA sanpl e et ect ed: ific

f or mati on of°°§ﬁﬁlﬁp%-agfqa§ﬁg@8H%Feé%f&ﬁ@gﬁ}ntt}ﬁﬁ%‘gS qﬁﬂeﬁ%ﬁ%?Wﬁﬁﬁf r ont

of the arc 'geLEe il P uALR-BhfdiaAc DN TENbaind ADNAGH Gasedt amount
nde

of singlestr ragnents of different length, resulti ntg 11 n al i ne of
si ngl e- st r arttedrc representing double-stranded DNA fragments, increased amount of single

=

stranded DNA fragments of different length, resulting in a line of single-stranded

15  fragments lying diagonally through the gel, and IIT) complete denaturation 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 ofa
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
725 - 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.



fragnents |lying diagonally through the gel, and TS) conplete denaturation
of the two shortest DNA fragnents anal ysed, resulting in strong DNA spots
| yi ng i nswoeoddmesdzsne of single-stranded fragnents essertirasloys/emotoi cal |y
above their predicted place in the arc #épresenting doubl e-stranded DNA
fragments. Figure 13. Fluorescent image of 2D-SDE to assay tine-induced
degradation of a conplex DNA sanple; as described in Exanple 8. The second
di mensi on elRigareophdy ehematimdrawang ofaprefaredeleetoenborasispertemel &1 esul ting in
consi derabl e renaturation of fragnments (line in front of the arc
representi n@n‘fq'?éloﬁoubl e-stranded DNA fraction) after the denaturation step.
13A: Analysis of freshly prepared | phage DNA sanple. Relatively few spots
were detected in front of the arc representing doubl e-stranded DNA
fragments. IT®8ailéddeseripgionfofsheinyention hs ol d | phage DNA sanple. |ncreased
amount of spots were detected in front of the arc representing

doubl e-stranded, DNA fragnents. This indicates sit.e-specific radation of
DNA over | ongrgiaVemipnaaoYifess Wéﬂiizorlsﬁl?arﬂl%aﬁ‘grﬂﬁl%ﬁ ARG ‘%fsg%?pr eferred

el ect r opBor ey SHRL&MNAEd Alfeit RUE MabBnts Bohad bafhlee SettindtdfeBi0The he

invention The invention provides a nethod for separation and optionally
i sol ati on ofinsemineandedsebioscrsen andeid apide preparatiensifor thelyrEpdness With o

conmpl ex m xture of both. The inveniion. . cl eic acids
prepar at i onsw’ftg‘?“ttpﬁ’é’F ﬁmg‘f@gﬁﬁ?ﬁe}&n &ﬁogq%%?&vﬂgﬁﬁ%éf 6‘&3&8?8{?%% edge of their
bi ol ogi cal fiupehbic calal@HaNEd tndsdringit ledgie dishiterioh ofi siagle- addsdoubke-used t o

determ ne length distribution of single- and doubl estranded nucleic acid
fragments. Asrandad bucleigfegidrfeagnient$m t he description herein, the invention

can only be used for separation of linear, i.e. non-circular nucleic acids.

Nucl eic acid sanples suitable for anal ysis cording t t

i nventi o mads € ?F%f'érrﬁ“i ﬁ%‘aﬁh%g%ﬁl@“’“ﬁﬁ r %%g?téq%s aﬁé’hﬁ%&%ﬁ%?&gi c acid
fragnents of Sja28ichatgRelel YRBA RBulbOnkRiONIdHP or nt but preferably in the
range of about 100-1000 bp or nt. ,

Nucleic acid samples suitable for analysis according to the present invention 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 brokaryotic, 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
naturally 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 to 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:)ending 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



The source of nucleic acids may be prokaryotic, eukaryotic, viral, or
synthetic. The source material nmaybe genom c DNA, cDNA, RNA, DNA/ RNA

hybri ds, WwdApodasfo7spl asmi d DNA, or viral DNA or RNA i nclpadiismossueoe t he
virus may be naturally occurring or servlihg as a vector for nucleic acids
froma different source, or the |Iike. Depending upon the source of nucleic
acids, they may have to be subjected to sone purification, such as

i sol ation friomirestdd il earioyewepdhslorsep after haphing samplps atdéireembidng padlsof
restriction epz nd PCR jnhibitors, etc. It should be enphasized that
the method i% ﬁ%%$?§ﬁ%%@§%%%avgﬁ?% %%s as it can be applied to conpl ex DNA
sanples, i.e. sanples containing |large nunbers of different nucleic acid
fragments sugficigR diRWTRRERAENMAHPLOISBONES, RFticRUREh SadeRETROA, byaNd

m xtures of genom c nucleic acids from nore than oné individual. "Dependi ng
on the desi restrisbpeentyree digestive, wsewd RCRoer dthsr i vigioesmplidisptidrctachmguashe

sanpl e tq be.anal ysed .c be.from.a_single individual Iuragi.t .Qf

R v dugl o, BBy SR el Ay B e Tact et ik e, BBt i
subset from mapbetaielddybydbotopid oy healofapi®figl e AtitheechnRoftaidd tag todlibRr of
pool s, wherein the nucleic acids maybe treated in various maé; before or
after pool i n§pesHipraptire alierdhe sepatstiai iy spes cmbodimentsqf dhg mathodeedeptared, and
renat ur ed. . 9l i f i be provided, particularly in
case of DNAN&§$B$%§?%H F@%°g%§9ﬁgﬁékgg§% G%EQuse of PCR or other in vitro
anplification techniques, ligation, chemcally or physically induced

cl eavage andpdisefilliekfbodkAce thaWMethBdLohé Hveifdh denprRbeltRshtdy theRLGR C or
non- i sotg(gn c signals and they can contain a taa to all ow specCific Capture
after th¥) sef ign within eemer raprsedisid ringleostranhed ansk dovbils-sardngacofractions

i nkers are |} Lej c..aci d. . I Ul odi nent s,

t he net hods %#t&?.h@g F%P\%%n I bﬂﬁg (Hjsrgﬁg(?@gécglse%%‘?}agﬁ&r%ﬁg Wetﬂ? %Elgd.lﬁplalgg?)ri buti on
Wit hin one oeleasphopdsisa titeshad glandst camd@thgrbuth siagle! sdsdoublrdedniisd@ct i ons
after their sggaratjon. his is readily achjeved hy adding to the sanple

prior to el eBYEHREIIESE Qﬁﬁgﬁﬁ“}t kpevp fanett thatdaillehew fisasis mptosithe gelmdies-  and
doubl e-str anﬁﬁ%l&‘t&%hﬁb&si@%?xfsgﬁ&blg k{8 & Bre RN s B MALRaf HAldatis dre ROV

di screte spots in the gel a
15  labeled with markers, e.g. fluorescent markers or the like.

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



the el ectrophoresis with suitable staining. Preferably, such internal
standards are prelabeled with markers, e.g. fluorescent markers or the

| i ke. Aftwo 2edeab07@phoresi s, the di fferent fractions arecprsfoesaibt

anal ysed to estimate the rel ative amount4of si ngl e- and doubl e-stranded
nucleic acids in the sanple as well as the |length-distribution within each
fraction. Such anaé%em s is readily achieved by inmage anal ysis techniques

and can be &asindendlee depaturingskrprof thequpseptigvertias, hetweme thriasiand seapndnt i on
further proyjg @orgéa%] %§§ ’ﬁ%tlﬁ{ Ehn Mk ShAERAD §1ff3fhf%t01@§h%t dyghei ¢ acid

sanpl es using t e present |nven can contain
pr e- made 2Dcgsfamer wha bhg tomtt dierpehsahdwadthuin ita ghmgmtﬁ e\&pomablh éurirgrthé he first

di mensi on el ectrophoresis. or neans .for .pre arl t he | udi ng
enat ur | g SERHHITAAAR SRIPioh A ALt ol topRE SRPOU R b SR & Ut abl o
buffer op byhfekioh BEAIBH BRkSal kRAIRA! for Bbﬁ%ﬁng@%ﬁ%@ﬂb’l@sghﬂ@ﬂﬁh&@lc acid

el ectrophoresis and optionally an agent to treat the gel before second

di mensi on elfeagmenisiio feclitate leggth amlyzes anequratification ¢foll sondiess fmmii@hsst r anded

nol ecul es. i nt ai abl.e..adapt.or.s

commercially aval% F&al?#gg cra%% 1|%§ Sy He?élf%ﬁaolﬁ%%% }gcgpﬁﬁ?mg]ﬁacers
as the adaptioaddednd bspagioses, 61qmm¢sﬁ1yr @umblf@ﬁnwﬁdlnﬁcreemﬂltthasm@e belbt e
systens cannot_ withstand such high tenperatures in the range of about
75-95 0C) ado gisgirpRhnEesis- e%fﬂrh@r%ﬁ%e%blapwlfeﬁ@e gtaeg&)vedﬂolﬁwéem barcladedent i on,
bet ween {Hhe [ kit can further
cont ai n1b sgégﬁéaééﬁ]ggﬁ?g%y %C?J gﬁﬁ&éﬁ%@%ﬁ%ﬁae}feﬁg? Bigagnbag to put the gel
sandwi ch in to elimnate evaporation during the denaturation step prior to

second di Mersitod¥ thd thviesEéninag ARAGE RIS a déicbEn®igdnbBicivduaNthbRANAQRS ai n
internal standards for both single- and doubl e- stranded nucl eic acid

fragments téneniiongd hepew, that §inds rmcleieacidmelesules in pnq:@nm@w abthey] |

st randness 1Rkt SHol dOLELIAL B AB0AL At A RUPRL S BT ©

buffer sol utl €1s a e ana I'n "anot her
sui tabl e forthe pel mmimaﬂaedel\abtrdphbﬂeeis.ﬁmhIdetepﬁmgmgetnt)nﬁybetrrmq:dmﬁleﬂms Furt her

a detectabl e ma ker . uI e), can by in ed to_indicate when
each el elgt r opHE ee@il%r(tgp%ﬁtr ¥ers | BP9 ?-gKgﬁg{(ﬁ’e?WeF RVenti on may
further inclug@eRaldahrdel S}Qteﬁﬁ?ﬂtS))'&kﬂ@'rﬂ% BeQppliédRta BEA 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.



menti oned herein, that binds to nucleic acid nolecules in one or nore of
the separated fractions in the gel-matrix in order to nake said nucleic

aci ds detwotads/esi7a the gel matrix after _el ectrophoresi $CcTAsmbs/maworct i ng
agent may be m xed with the sanple prioﬂ5to el ectrophoresis (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 aspekie appateis frmlaromerisey i sgie o sleslyadesrm 15t j5é o elepredes forethe i ods
described heggl é&i@ﬂ@ﬁﬁﬁ@@m B yge%an@&t%k@&{et;&g@% L secopgsette for
supporting a gel sandw che et wéen supporting plates, the cassette can be
confi gured sdinlengitiatlegmedshoaeses, dadirsiviet danrsusthia acfirsisa¢diegal detdeaonastsithel y,

pre-cast gels._are supplied with th stemthat fit in the cassette. In

ot hor - enbotl et i Eiellee Ve Qe PPt avetted i e agnabd e ' ne
gel prepar edscanih densLEbEELIE BHLeRaInD R cONE E18FRIEATRIA £8SssqRe L1 REhHARINPT eSi S
apparatus with a conpartnent for inserting the cassette. A sanple port is

| ocat ed adj awémgona topaidifrsiictectinal Bedpehemalentri¢al poverds appligddadhen sanpl e in
t he cassette . refer odi . £0 tment is

configured sﬂ%%%gg%ﬁ%%%agﬂjﬁﬁli%g 5 a%lélg r%hgﬂg%%ge ag‘rcl1 g‘gﬂ;&{ %’g?%fe:l?%ﬁ\ t he

el ect r ophor esinsehtfona D20 Widcadplaseant inal sinipletivatsion iof the spgtémiakingldsdtiofr bat h;
this is possible by mnimzing the size of the gel in which case a auffer

i s not needetle@Erdss eanir Yseds Ikt tass the Sasseltehas g be rqtafed PEBHIPIAE EECRAe f1 ow

of electyjc &iﬂ{eé&%efe% cdifie gel . The apparatus further conprises two
sets of electrodes, a first set of electrodes for the first di nension

el ectrophoresis, and a second set of electrodes for the second di nension

el ect r ophor esh@systchealbd betpa&s acantrslLSlctemparaturs Sfstepd ®Bichiie sdnrkteldo acr oss
the gel in an inserted cassette, when electrical power |s applied to the
el ectrodes, hewing Rerfaceapithin sed compatipentiogeyideaprestcrnined terapespigre to

electrical fj c : -agﬁ i al LA fhrst
el ectrical f Jlngi ,ﬂ{f‘e\/\#ﬁag?llﬁiglk1 %'?}rg@!(lzsa pg%@%&%%ﬁ&g%@g@@ﬂg@@ léégltsf %1 es. These
el ectrical fiealpdmtaeefthet gl chrabgemiroBedand aipstddeibsaypntlgtstpyises such that
conventional 20 el ectrophoresi s, hi .a sinpler version of syste
Single sh ofediEPEue St orsisd R A i Soe e G SDRFEIRS be
rotated pri ofhelt@mpdiRuseSORE gel is increased to a high temperature (e.g. 95°C) for a limited

period of time such as in the range of 1-5 min, in order to fully denature the double

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
pofnputer 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



di nension el ectrophoresis . The system al so conprises a controll able
tenperature systemwhich is connected to a heating surface within said
conpar t newo 20es/qs@yi de a pre-deterrni ned tenperature topcrasmesédoeiogel
matrix. By this arrangement and appropri@te controlling means, the
tenperature of the gel can be controlled and adjusted substantially

stepwi se, such that the first dinension electrophoresis is run at a first
t enper at ur etq eorgrol #@Gpmatmasire afithe freating dewiep endithus eomtol theongeatings i ncr eased
to a high tg}geraﬁt)#reﬂfle.%_ 95C) for alimted period of tine such as in
the range of*“PEHH PhE8rder to fully denature the doubl e stranded
nucl ei ¢ acid nol ecul es therein, subsequently the tenperature is reduced

(€.9. 10 55)fy ﬁlgh&? isjﬁr%g%%@ida&mﬂmc&h b QPRAFEHE thelddoPOSHRR1IihAL

re-naturation of denat (s1 ngl e-stranded) nucleic acid nolecules is
el i m nat ed. ophetihestwhich capaneferably YeroohBigurbd yuchasie Prwaty thewisieel ectric

device (.Peltjer".device) w,th.a heatin ur I N COr t W mam
surface of Fﬁhgw?ggta{l@n}alhﬁalﬁ}h & %18@ suigah %vgslﬁa%?%%ne% hg? E{ﬁ% acéggéée}lcg g shoul d
cond:J]gt tﬂe appfdpriatelyf dhfﬁé@e%dlnys tblcboﬁiplﬂtdf Mo—dih&nﬁi@iﬁi%le@ﬁup}ﬁ)ri&ﬂii hin the gel
itself. The sSystem prefera al so_conprises a power supply to provide

adj ust abl e eaRidancg Wlﬂethém&iquéééfsforthﬂieﬁe@- particularly preferable that the
systemis provided with a computer to control operation of the system i.e.
appl 1 ed vol dhas ettt rufied (e e s GaEh: Bhae s gl e "°

el ectrodes, %%1 SRSORANEIAROBId B WilkiHe GandesptrafieseinaBé KOSRIBhs whed tHeer t 0
control the tenperature of the heating device and thus control the

oper ati 1§ t egepévkenteddons bri¢foegef of time it betpyaencthe fisstgnd secoad dimensitded wi t h

conputer software,for. t ahove ¢ ol - At ] i yo

preferably beé\eﬂ"’g"%@"ﬁ??ré i 'e%ggeﬂ"%%y’gl%e %{eglp% ¢ g]{égo ?‘%@@%@gﬁhgu s‘?ﬂz%rr] Eh?l%l |y

aut omat i cal ltgmpera@ireswiihyths gl todbt least 051Gy gesre prederhislgiof nigleast 84°Gendence of
appropriately timed events to conpl ete two-dinensiaonal el ectrophoresis in
accor dance PP RIRETabEE plgd deagke?V I@%%P’?f?‘f‘?‘byf)?? e?ﬁggrggortant feature of

the present systemthat the apparatus and in particular the

It will be particularly appreciated that the system of the invention can be miniaturized
15  in order 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 separatidn of molecule in the gel.

Gels that are run with the methods described herein can be suitably analyzed with
image analysis techniques. In one embodiment, 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



gel cassette should be able to withstand high tenperatures, in the
situations when the gel is heated for a brief period of tine in between the
first andweecendsaunensi on el ect rophore5| S. Preferably, pcmasmysisoomoi s abl e
to sustain and wi thstand operating terrpe]ratures within the gel of at |east
75C, nore preferably of at |east 85C, and yet nore preferably of at |east
900C and nore pr.eferabl at least 95C. It wll be particularly

appr eci at ed Ta® pHds %‘FS Epphogesed H‘?}éﬁfl?&fe’@éwaﬁ%’%ﬂfﬁnmlﬁt%@&mh or der

i ncrease thewmeégcpﬁa&t!;@l duty cycle of the system Mcrogels can be
utilized having a size of |less than about 10 cnR, preferably |less than
about 5 cnR, such as less than about 2,5 cn2 e.g. about 0,5-2,5 cn2 such as

about 1 cn?. AStledmatictitlagedtion i b prefesed §y§tehDMsB@ﬂiﬁ)irBF1‘gm|elMETB&l§ysﬁin ishe same
time the detection_ |imt for nucleic acids in the sanple is |ower. Further

the tenper at FRPASEHOF BTO {nﬁlntmétss@gﬁﬂg@pﬁqcrroghqrw Wbﬁab‘lsmqrél‘ﬂﬁl@ ds
al I owi ng asﬁté&@@ﬂtﬁﬂg i c aﬁﬁleﬁﬁﬁb}?ﬁ fhif%;%ta‘%% rgﬁgmle e HorSudiin W th the

nmet hods descri bed her n be sul I"mage anal ysi s
t echni ques. ¢atainea émywditmendontrothed @cymtaemnant (Z?Jbé far m\@hcassmtec(@]smhatses

conput er software | oaded o ut er si ng .such I,. based on a
di gi tized ir@%d@fﬂg %?Paréﬂo%’tiﬁ% "g(?é@ﬁ] a%P Je %9Ent , the

conput er sof hy@he 5’ $yPRP e EhcPmEBleétia heMBie TwWolkBtsRY eRcE IR SR st eps
are perforned to det ect spots corresponding to internal standards, detect

st ai ned ar ea@le%tﬁ@h@éﬁtsﬁmﬁfrﬁélob’mmwmn@m aephratianawithdyh setetingrthe ﬁel | ocati on

f th ded
or doubl I ot ey HOBRES 0 M ARRGETLEPHI L B BT M 8
areas to det eyariode 2t(DBe)raat1ic®thOﬁe S(m e:rsﬁﬂcbﬂhé@dl c\assettéebthbméﬂta@aibﬁlmtcl eic

acids in the elegtro esed and preferably also the |en

di stributi onZ‘ert(ﬁ%’i"? "g]%}lﬂrﬁlsf% Pﬁﬁ’e W@Eﬁéﬁ%ﬁqte%?elﬁ ]ﬁéf"‘f@tbu@ﬁr &lu%orbr eferred
systemis showinifafk QU6 cditact e, Y BHIGRY e dﬂgmﬁmné@hﬁ parts.
Firstly an el ectrophoresis unit that urt IVI into a control part

(21) and el ebttwephtheessi saspettetand2i®) elecktnidss. el ect rophor esis unit contains a
tenperature-controll ed conpartnment (22b) for a gel cassette (23) t hat is
added prior to separatjon,. The conpartment (22b) is shown wth
under | yi hﬁg The control unit contains a switch to change between ¢lectric field 1 and 2 (21b) unit

to control the gel temperature (21a), connection (21c)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 agelin orto 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 inserted
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



heating plate, e.g. type Peltier thernoelectric heater. Two sets of

el ectrodes are in the el ectrophoresis part allow ng two-di nensi onal

separ at i onowdsnasi74r ot ati ng the gel cassette. The first peetiSioss/@oomwn as
anode 1 (22c) and cathode 1 (22d), the sécond set as anode 2 (22e) and
cathode 2 (22f). Around the gel cassette conpartnent is a buffer zone (22a)
which is a conductive matrix or zone to be filled with buffer solution,

whi ch nmakes the edioadisirmte-stwindbd (dspangbdovhiresttandeds(dectuctaie scitlinadnl amalysed
connecti on bet wier] t he gel é:astfletteT nd thetl el ectrode(i The control unit
contains a SWHPCHCEGTPRETSR BPheehn Ta eopmyier BpEipt PrOGIRE SOmPUsEs) | unit to
control the Gabrabfiibelcou meeahe detkive G Q8TubOdbfn2deCihtednaA sBAATYE BY sa{dot
shown) to allow software control of both la and I'b and a_connection (21d)
to power supiinplg dhrir Barswair lensddsompyisiedeth sngestrendeg apd dpublesppndedd (23).
Thi s cassett i her: e t j ; . I - cast ed
gol - 1t 15 ohiadadls APl Ryl RufhSacltefion £ s ihiled bomBpBidinf RS P,
i s kept to egmdingerhalstdndalrdevdepet athined afenomnd detergahe bmtdavies T3l afdas] east
one of the plates (facing the heating ele t) when the,cassette is
i nserted sho%ﬁs‘tgnlﬁélgeﬁ?gtal??éﬁﬁlﬁ‘é‘g eryrap edoc?rdjgﬁ&?ﬁtrﬁ’é e C?‘i‘%ﬁﬂrﬁ e heating
el ement to t%‘%{‘%‘g‘% %c?n-gﬂﬁ o£a888Ld Sreh Ul REEMERTRId §§s‘§ng%e-§tg«£ﬁ&eﬁ vsQRAlbRg S| ot

(23a). Aroun ates 1s a buffer connection zone (23c), a conductive
matri x that wdndedomdeic acids ircthe etestropliresafl gbl. Finthdydlief rundenies offsaitliaeeas

el ectrophoresis unit allow ng.effic¢ient, curren rough t el.matrix
under th apﬁ?qst@]ocogfp@ﬁiﬁo?of’g So%h}? lfltﬁ%i]ﬁ%#?r‘%r 8P ,‘Eslteit}ﬁe 1gngthrther
aspect a conmpighfutifh egtiaflePitdiiblSsttndabisapasi bed above, | oadable on a
conputer for analysing an inmage of a twodi mensional el ectrophoresis gel

whi ch has been run as described herein to determ nethe rati o of
si ngl e- st r andueffefebly), teenidtediol bfandatls anedaa!l¢di®)prodiceeinathex detsctable aslomnal ysed

sanpl e el eetrophoresed in the gel. .The .co t ogram pr.oduct conpri ses
o1 o6 am | net B PTeRt1Ge FDed SirpIf B0 AP HEIhubtE JPAes SHTGPR AP RSP R dar ds
in said sanpkgh d Retd idBRSE aRPbdifib ¥AGEIBAgE BART fob idatiBMAhsishaladspstanded and
doubl e-stranded nucleic acids in differing known | engths; detect spots in

sai d i mag® cdvfiee Sydnigmagstapdards spots have been assigned x-y coordinates in the 2D image
space, functions are derived defining the relationship between location of the spots

(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 (Iabel/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.



said internal standards, detect stained areas and determ ne boundaries of
said areas, assign detected areas as singl e-stranded or doubl e-stranded
nucl ei ¢ awDdsge/@pai4esti mat e density of detected areas tecdat®osnooeor ati o of
si ngl e-stranded vs. doubl estranded nucl & c acids in the el eetrophoresed
gel . Further the boundaries of said areas can by conpared to boundaries of
the internal standards to estimate the |length distribution of single- and
doubl e- st r alrrefirst meager aspect oPthefiesreatiPy, 2 metbod itmoeyided Hr hoiatdsdense dndbel | ed

to produce another detectabl.e caolor .col. f e.stain anpl e
nucl ei ¢ aci %Egﬁjt"%eﬁjgnﬁﬁg SF%%%) no?gtn gctcirg% Q%%‘PC? ?/{/gf%elggc%%%eté&s l't% ) %8 all%gg%t ify a
speci fi c waypligglgtdrabantirémrdoiidentraddedngcleieacid fnghesntk sydakparatid er t he

i nternal standards S{)ots have been assigned.x-y coqrdinates in the 2D i nage

space, func@?c@ﬁ@n&% %FW%H&%@WP > PHEPHRRER PFOh Hgﬁsw]ﬁé’éﬁuﬂﬁ’&ati on of
the spots (LyRIERhlohed &y gﬁ@gﬁg'of%%&e atod R1RAR SRSt hgngt h of the

standards in eaclt spot. l'e spots/areas are detected by reading from
the i mage t heeparedrasgicsatited @bdwer loading|tenspniple or a g8 pleadophgrasis apperatiest ect i on

agent (Il abel/stain) .being used,, {.he boundarie f said spots/areas are
det er ni ned %‘Se]t%ﬂggﬁ}oéﬁ%gga% %ﬁbchmggmg% 5638 S?jgaﬁ@}?f"é%%ca %ei'lna%mﬁ&lg?r& ng to
their | ocat isef se0smAE R kil elebbftondis dnditidas sleh tHRdoisIuRgaRdds are
determ ned by conventional nethods known in the art, e.g. applying black

t op- hat t r amsé¢lsicracidiragmentaeegrain Fitactad|theoeconditions ee eltered psiot teethe t he

density,of the detecte r i t ]

subt rac%‘gd F?Cg%gtiﬂxgg}ﬁ%gg g‘lre grgbﬁhﬁfégﬁgﬁ I egy%%q%{%éldg?@ﬁg&vﬁ frﬁ?lld]ngeg’ﬁga@%%as.
The areas cafidbinss-shenddit feghahids hchioredesubsauenthndledtsophtresingisaid gobinveen

si ngl e-stranded and doubl e- stranded t,r{];gd eic acids. Note that under certain

condi ti ons, saeondelpERyer B¢ 8econd &eh Rt CIRSHORRCH fanREonp Ak By Rt dN epar at e
DNAr DNA duDlr@-ﬁﬁﬁealilihg Wf:&%ﬁﬁlb ShrAHdR! X GRialiPNA RNALinMMHs R eYotrbpBdiewk Hlﬁ’oxﬁs?) a

third region in the“gel and can be anal ysed and quantified as described
above, pr ef aepdratyorbyf the isargpla ppeloioracil feagmeatrdzsetborf sranduesk ahg lemigth, and

nol ecul es.In a first. mjor aspect of the inventio a net.had i s _provided
for bot f3st Maderaed iRl S RREhntis M SUERRATTHME sPEiE Hoekntl o
nucl ei ¢ aci dpsdd @ayentiBeif length; GigeRhed 6fid conditions is established with a

chemical and/or a physical agent which is capable of eliminating the strandness-

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
MDE, 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.



of single-stranded from doubl e-stranded nucleic acid fragnents and
separation according to length within each group), conprising: providing a
sanpl e ofwouecdeaizso7aci d fragnents conpri sing any of the abwus2o8semoe® nucl ei c
acids that may be prepared as described?8bove; |oading the sanple in a gel
el ectrophoresi s apparatus and el ectrophoresing in a first dinension said
sanple through a gel-matrix under a first set of pre-determ ned

el ect r ophor eByrscatiyrilt gélonatris wsed inthe prdsamb inyestionaseitadnsraddneiueating agetr agment s

remain intact; and then conditions are altered ' .1 he d
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separati on) @fandeiilceeis béidFegthehfsdgRatcsissconditly 8iractires bb&#H wa1pld-und

el ectrophor esi n? sai d (?el in a second dinension under a second set of

el ect r ophor edqublecgraied Bpacicagid fRgEgalst t he re-anneal i ng of doubl e strands.
Essentially, the first dinmension electrophoresis allows separation of the

sanpl e nyclejc acid fragnents.phase st.randness angd. | h,, and the
second di%cman i ﬁa@le&q@%ﬁ F8£ﬁ’§n%ﬁ o%&gog%gfrgw%%eg&staﬁgﬁstg%q %eq?ragmants
based only omathkgirorké Hatfivst didehsibRbERpahtisait (een ehbddfents Sheegdl iyl shed

with a chem cal and/or a physical agent which is capable of elimpating the
st r andness babeicwairdain; 20T CoRPEIHEONS OF Mosnh densBirating agent fcheice balgrent s.
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t “can be sui ect ed
accor di ng t osttdnde® Shgmeite ¢k :2iygieedli st ri buti on of sanple nucleic acids
fragnments. 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 yacr yltni &be dehatirdigagent thatmayyed ingerdoteteddn thecgsl-megiripriordhe fithlir i ng t he

el ectrophoresi s (valtage.. cur.rent ctrol C I ). can be
adj ust ed accgJIIrbﬁl“% nte%ec?r ﬁ%h%rgsg‘;}? gs r%ffl%hlﬁ'gorngﬁ 505%0?% gg&%@%ﬁ%&% %)l%r%lé)% :‘E{ﬁ%%zges
separ ati on ofefiyt leftive, issirbp I @gepyt, allilobinel, dbhtys add ayhecolgdd andat ri xes
t han pol yacryl am de may al so_be used to carry qut 2D SDE i ngl udi ng
pol yacryl ani 8&vkas lvaek 63 1°M°§§“M,CY8W361W_ gehepehpnd Buf f er syst enms
for either of,iRexHiHIRASIO8hot 3 RBsiEI IR IRCGHPILAG: du8h b SnilRl, PBEMEX
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 used.

25 Other chemical agents and physical factors that can be used in the present invention
" o 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. ’



used in each specific enbodi nent of the nethod of invention. The sane
buffer systemis not necessarily used in both dinensions. Typically the

gel - mat riwouseh25074t he present invention contains a denatcwnsdobsighoeent in a
concentration that does not cause denatupation (strand separation) of

doubl estranded nucleic acid fragnents but reduces secondary structures of
both single- and doubl e-stranded nucleic acid fragnents. In certain

embodi nent s ah atpagiciRiRadefudOmEsMaiH FHihdGcABE e dSaRReH d&g@ntt fiagel matrix
prior to the first dinmension of separation. |h these enbodi'nehts the gel
may be i ncubdddef fortheetunatex reiontaiha fing donension elentroplienesis iiert) wep ageint  of

choi ce bef or g,t.hg; [ oresi s where conpl et e.
denat urati on of g"ofﬁeg‘%ggi% Prgnzedﬁfi{r}gbgtﬁéﬁffgé%&rlgq R d‘i"ﬁéo 8%ﬁlmfﬁioﬁé’uégent
that may be inoterqudnestsedall nutlhe il Fapmiantobpihi siiglé-hadfdouble-sthA®RKAS iDihe
el ectrophgresi s j.s pr.ef bl.y ..one or nore of an aliphatic al cohol such as
met hyl , o0 hylsﬁ,rSti dé@ﬁﬁ%%ﬁé%‘hf%ﬂ%iﬂﬂ?e conpR)pte toppepate-indispd fenaturaion (srgnd
al cohol s and s @riet 1Ak sedod dikelmohM uféth yiehahexy) . benzyl,
phenol, and p?r%t hycg{z?;phenol g?cohol %nc? inos@gc?]%ﬁa |c§§/tc1fé1|3c cé?%l)ounds such
as aniline, piReneRalBg) §ngs naocctr defdicox aneng thetsycaidatimension elaetrophoresis.
am notriazol e; am des such as formam de, ethylformam de, dinethylfornmam de,
acet am de, Nﬁ{qr}%l aCft anmi de, N5Ndi et hyl acet am de, propi onan de,
gl ycol ami de, NitBsiEE! SlRFERPhotesissian carba sprigd eut aomidelusiersnidemperatures
car bohydr azi g inla SnRhIB¥A¢ o the R oMo and
al I yl t hiourea,; _%:ar%gnﬁy%? sugq]rleglg tﬁ@%??ﬁ?%%%%%h% 1:'l'ir51 (gﬁod% o
Npr opy| ul@t hdypical etastigeof the nmthetiofigvehitiona Miknas df Fhipleo indKdddks-steide@t her
conpounds such as ¢ oquani di ne, syl fam de, glycine, acetonitrile, and
DVSO mthe élélglggc %ﬁ%@ﬁ%@{lﬁs ’ﬁeglepérgtegawgﬂlt?ﬁp%aééﬁaturi ng agent after the
first dinmension but prior to the second di nension el ectrophoresis one or
nmore of the abeve,lE8nk : chem cal. agent.s and physi cal
factors that can be use e?%XP%gecgrgégg%s ’i%%/cgn Ig}l’si toghsre %@8“8‘?‘?}%@?% ces in
strandness magngteanditnniidsedf tre mhelead ajrtfiadnyentdwshsckicd| abvd, the gel is

> g

typically removed from the electrophoresis apparatus, however with appropriate

15 design of an apparatus such as is further described 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



the art. The concentration of said chem cal agent used in the method of
invention is dependent on its nucleic acid binding affinity, denaturating
capaci t y,wehmdd2yo7so reduce strandness di fference and secwnsmosombdmuct ures,
and stability of the agent in the gel mat#ix or the buffer.In a particularly
useful enbodi ment of the nethod the denaturating agent, urea is added to
the gel-matrix prior to the first dinmension electrophoresis. Here, urea

acts in threeoudihftr their lengls Conpequenite dirgmentso! differayt dmesthahovesiagr at i on

due to confg i gn_ but t r raﬁﬂ red Lahih agne (both
si ngl e- anda’g%?gl-r%@%ﬁ%g%&}eﬁgt e?%?cre g'{’ S@%ﬂ%%%ﬁ%ﬁl,bgﬁgsg%‘%d aci i ? %I?de t he
conpl et e t eapesmic:. Breiige thedmokicdcid fragméistt thandesepigirally smglgstianded o t he
second dinmension, and 111) to ensure Ehat .rg&gt uration nneal i ng) does

not occur b&FYT eSS hHFRAHEIEHBHE r@“‘@?@?ﬁ’?éﬁg{ PERPB. The first
gel el ecirop ogﬁ?%efil(tﬁ%gﬁami&%n B doll A QUE 2Bl sk EBhY 11k (el @ditble-

t enper at ures bu Ical application the tenperature is in the range
bet ween 50CstrandedQDring thet fiysi dimdengipa bui segloftratvied datimgthe secandvimensen a

m xture of single- and.doubl e-stranded nucleig acid, f nts. | epar at ed
at roomt en%%‘?jg?]ﬁ P, asnhEse g n%S'l ety ir?q’@ Vse’?yo%StSW 18%?? g%%g?%esnl%lso,n \/\7}%13l g’h

al | ows bot h 15eRabAl HRReNSAOTHEBrd OsthoaaéR- atdesdi-dashhass separhiien oic! ei ¢
acid fragments as di scussed above, the gel is typically renoved fromthe

el ect r ophor s#igle-apg sioablastrandsdapeleiagoihiragpenipisiohtained diyithemsthod pfdbsyar at us
such as,hs further ri bed herein renoving the gel is not necessary. The
gel is ilgcu g?sgagmtvglg[%% gh tenperature to cause total denaturation of all

nucleic acid fragnments. During the incubation the gel is partially or fully

encl osed (€.4yoKRRnARMBRE RIRIEBEE thighitt r@MARBI Bdw&ihdil B8kridoublEhe gel
is incubated tfor a period of tinme, which can vary depending on the size,

matrix type stodedasiatespastsofha disgapel lingselthe pinglsstrardsd fragmentsos thareforset hod.

| n ot her enbpdi,ment. @f th . i i are
onat ur ed- wilPIEEeRn peebrt Tgf Bie 6 thE e Plfind hEGRE e BSHERGREL AR POE
The condi ti aebidstiddedpadsidadd frpsienn. Kles hndpbacid ftagnehizpdarteatlinf f er ent

fromthose of the first di nension,. e.g. [teri a physi | arameter or
cheni callSag elﬁ]ggthswﬁ%e-strmded, and the otger (?o%bfé-strande%gare sc%a}/atecf 1% thg

system, the single-stranded fragment should be located vertically 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 fragments
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.



tenperature or concentration of urea, which will further affect the
strandness of the sanple nucleic acid fragnents. After the physical and/or
chem cal -woduesds@enat uration for a given anount of ti nmectrhso9g0000®
arranged in a suitable el ectrophoresis dévice for the second di mension

el ectrophoresis. AUnucleic acid fragnments now have the sanme strandness
(i.e. they are all single-stranded). Therefore all nucleic acid fragnents

in the gel depewmardadacmehasiments desstibed iadgemplesdrisdcu éRtTYE ifissgient s of

di fferent | engt over is i i ifference
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i agonal |1 GG HEIEIEA o FRL PLTARILS Lo APt R PEEPETFaL AREVHOUE! 61 r anded
during the fiidsh i RABhAT HA¥entshed &ﬁéﬁ%@o%ﬂ. NGe RgppesaRd di mension

forman arc, as these fragments migrate relatively faster in the first
di mensi on t heanlysedl wdimeg the aueibiod deseribddabover FoHewimgaha 2Rt S12A denasation dhgy

| engt h-dependent separation. of, si.ngl e- an | e-s n cleic acid
fragments i S‘HW SRl STHIE T N5 e&fral%%glgg)é{?% el}l%\%gt%?eoér%g

Si ngl e- st raﬂ@?‘ésdﬁﬁﬁg%@oﬁgh 815y EsiRRh8ed DN S @k Hdain\be ghasli fademdidran

t heir doubl estranded counterparts. The diagonal |ine of the single-stranded

fragments i siselafedef ore displaced in front of (on the right-hand side of in
the figures) the arc representing the doubl e-stranded nucleic acid

f ts. 1f | ei id.f s identi i length,
S gl o S0 arte it ita ettt BREOU Bel el S bgaFARbReTRABE By st em
t he singl e- stapdatah ba e or SBRHAINRE blIge 3bAE IV DN@H-43m@&Roiemt he

doubl estranded fragnment. Nuclei'c acids fragnents 1n the gel can be readily

det ect ed usipegfestianuiahed B0 Heagimeats. Beetraemeiaing ONAfagmentrd@vedawark nown
net hods such_as_.stai ki of t - W i i ¢, stains,
ke eth dr (iR Yt et S3hshd ol HAUSRF EM AN S orile? &
systens f ani $tiantded DNA sepstitedlie ®AGE gdh evithror witoat BMourae Whén tigrsemes can

al so be detected using isotqgpic or . non-isQtopic pre-] abel ed nucleic acid
fr agnment L fragments are%eparatedri)n the?r smg?e—strange P rm they alf mlbgrate essentlalfy

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

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



and detection systens such as filnms, phosphor- and fiuoroi nagers, or
simlar nethods famliar to those skilled in the art. Isolation of nucleic
aci ds frownotbes/gsi74after the 2D SDE separati on may be deceasmosigovel | - known
met hods such as elution fromgel pieces 2nd electro-elution. Nucleic acid
fragments may in sone enbodi nents of the nethods contain adaptors for e.g.
PCR anmplification after isolation fromthe gel-matrix. In accordance with
the first nejoisiHsyeodd with & iperticnlae ptnbodintbesmrBxaeglahbelowt the methdbalxhef t he
i nvention can be. used . in djfferen nbodi e In the rticular .

enbodi ment o HEGERREen oF el ol Bt (SRS S RprodeS Bl e ftlEiing o ssoua
and dsDNA fr a@iRMes iDQfld dnfplFicatibRHERRYS.Tn aRehitL RabbJERRESHBN kifdRRer . I N
typi cal enbodiments of this kind, the sanple to be anal ysed conprises

genom ¢ sanplaawlomatised cempysasdl (s praduets papbfipbEampliferspiddndsriggaemitay t hat
t he | engt:h dj Loyt | - n. . The sanpl e
o thon- anal Jastlerth Cind CRRTERL e PR RS vy 0B 08, SO
separ ati on tPERdhayahaediffone beiagoes entevagl hireral thohandd diﬁhﬂﬁ?fr@dﬂ\erfti agment s
and the arc res ing the originally doubl e-stranded DNA .fragments can
be quantifi e%?tgwﬁ? BEK Srtite g maooys prf esie w&@fﬂ FRehqs iesafign-

embodi ment '@mgf&@%@e&n%ed&m&%%ﬁaga P@%é%du%ﬂecah @Mgg%ﬂﬂf&g%ﬂ&hé&a sed for

separation of | ge- cont ai ni ng ragments fromp ectly matched DNA

fragment s. Bilibigbutanobbath figehies rheasgrednins teatiealdryvsefulegbadiiment thel oci ty
conpared to their ectl. tched counter.parts e bl estranded DNA is
separ at et i nq‘fﬁi&ofggc!sﬁth%Saachfrﬂlgﬁ?prﬁPﬁ‘Pgﬁs. ar?\ﬁghﬁn%ﬁ‘g()@ﬁm Gt s are
separat ed i NrepRBbrtatidGk @s&d habidadlate o bitd¥ Flal gefibBE 3b:RpASRE BédeAl ! ¥
according to their length, especially in gels containing urea. Therefore,

het er odupl ex@stegiahefdnisrasy Girages of ganopuc Eppasneiiansis Brsherefore Wy torat ched
DNA fragnent LS | WAY, t@ﬂ;ﬂ - | ni ng
fragnents ar%d}loca?g%l%?fr?%f[&gﬁ (}?&%ﬂ%e arc reprc;edég%%}%agﬁgﬁg{ﬂgi—cst randed
perfectly natephssehtiitvhsfhnagbent desaflictlrin bhewice pabladations by one of the present
15  inventors, see in particular in WO 00/24935. and also by Lucito et al. in the book
DNA microarray (Bowtell and Sambrook 2003).

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

1



As illustrated with a particular enbodi mrent in Exanple 4 bel ow the net hod
is powerful for estimation of renaturation efficiency and cal cul ati on of

t he r enatwoi2ogs/desoret i cs of conpl ex DNA sanples. | n a typccasoesimodionent of
this kind, the sanple to be anal ysed conrpri ses genom c sanpl es or pool of
sanpl es that have been cl eaved, denatured and renatured (reanneal ed). The.
sanple is than analysed using the nethod described above in accordance with

the first mafeyilcapare! HNAINNA hxPEfs Mohe Mg nrsiyhbrgs asariatrmpdintse

di agonal Ii } i = .an BM 3 t arc
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material or icDsagleTandsdriPNax deyblestranded POR.mnd RIA DN pyYrEdsy Thiscor di ng to
t he PCR net %%?y#gﬁ%gfag% Q&irﬂ iO%nOE“%k}%g&%\r'°§f§uc Abﬁl%?ercﬁﬁs.t housands di fferent

fragnents. reaction, s are separated using the
nmet hod of invention. Single-stranded and doubl e-stranded PCR products can

be quantifi gd aaBthet PB4t HeShiddrdhiaGRetBdd RPESVilddas bhbRANIABASIMELd I N a

i
particularly useful embodiment the quality of PCR anplified genomc
r epr esent at isenpless Gersstarnenpeessediferanennieveleimosck celbpriffersneestinon” as used

herein ral ates ;t subset of .a_geng Qnpr.sin etic nmaterd of

ot or 6500 o fataf YR Rbe o PeRiSBRVARFERLS 1% REREot fe B RERRD 1o
reduce the qaslbeist WieDéreithey dn@flHRA PRV MBraribk FoP ARy Biffedr @ed @f gENONI C
representati ons have been described in previous publications by one of the

present i nvemebisis of gaplifipd glalNe; Krpries if i ipwperort so.baw uniferm sbardange ol t o et
al. inthe &98&%% Qefrﬁﬁég.??'etﬁg&%% mﬁﬂ%ati%ﬁ@él%%@d ﬁx?ﬁ@z%t‘(ﬁét a further
e W t odi

aspect of t rnvention i's IllTustrate a particular e ment in
Exanpl e 6. TheatnetiondDdIA follewis sventlicoderikinetiseshd depemdsesirongliyeondheposi ti on of
uncharaqler! zed. MHios of eosh heSamP fifretomiire Bane produds ki al ss Sapiity °°
i sol at eé concentra gm gene p nature less rap
than the highly concentrated abundant products. During renaturation the remaining
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



from various biol ogical sources. One useful enbodinent is to characterize
nucl ei ¢ acids isolated from human plasma. |solation of free nucleic acids
from pl aswe 20@m2be4per f ormed usi ng standard met hods knowgTHS20pL6080S
skilled inthe art. In this way it is pod8ible to reveal the conposition of
the nucleic acid in the sanple with regard to their strandness and also to
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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—stranded 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 temperature, alkaline or acid buffer conditions, activity of sequence



singl e-stranded fraction therefore becones progressively nore normalized,
i.e. the concentration of individual cDNA fragnents becones nore even. One
can obt aiwoaosanselsi zed sanpl e by isol ?:}jr ng the singl e- trasmegodonct i on
remai ning after partial renaturation. rently the major bottle-neck in
such an approach is an efficient separation between single- and

doubl e-stranded products. The standard technology is to use differential

bi ndi ng of spasificanicking corBmRe 22 vity 9d erfophgleasendyrsas Ehcosidrst oxyapt i t e

col ums. Thi. i que. %@Fgfj ; otk LdT] y
bet ween sing 811-11%? %g%\sdgﬁoglgﬁg%:éa y d%%ﬁ%ﬂ%&?tcrﬁ %trllo eﬂwﬁ%&%ﬁaﬁﬂg L Usi ng
the met hod af thepennhé,andfotiviphybsyotiktic epatatl @euongsibagicel campbunds

doubl e- stranded nucl ei aci d.f rag{mnt s foll owe b[% di r?ct isolation of the
pure singl e®& PIRYEY DyCROPEIAming PHIAFSUR PPEPANEARAIF HEAYamROTIYTe o by

el ectro- gl U} RRIEBMASHEREMYTIT)6inpidkad #dRs BRY.i zation of nucleic acid
sanples. In a second maj or aspect of the invention, a nmethod is provided to
separate nucl eic acids fragnents containing single-stranded breaks

(i ncludi ng nisck8)ustrawiitl e tatdoult embodimants dn Exnapled, 8c10] afid dbrtkist s. The
sanme experinmental setup i.s used as2.0_descriped aho rel.ating t he first
aspect of t [#EPeChoihe inyention cahBe Fi5d 19 slotedt s ﬁ@%ﬁg?ﬁlﬁﬁ@am(ﬁ%ﬁ%?@*

doubl e- st ra%’.‘ﬁ"1eg%ﬁu@é&hﬁ%fﬁr@ﬂt%ﬁéﬁ&&ﬁx‘;‘)ﬁgéié’dl Pidpgsone or nore

si ngl e-stranded breaks have essentially the sanme mgration velocity as
their intact doubl e-stranded counterparts. After the first dinension

el ect r ophor egicther\WAB6Raritlentdaithii® of the anadatoDpidvidea gmmethal towipiilyaeami t hout
singl e-stranded breaks) migrate essentially according . to their length, all
nucl ei ¢ 18ci dof matptient o pelEmambasmyia qomRler semples. hrar iy theseregag hehed above.

Thi s ensur es, Gl ok (8AbHHab PR ff &AREnSE0RNA BeAl 1Al halbifdeal ¢ aci d

fragnents in e ge tact -stran nucleic acid fragnents give
rise to two Easahiple ik dieg tséategl witls tuzymde dr ¢heagead thas gehexate sitespeoifisl enent ary.

A doubl e-stranded nucl.ei c,acid that.contains e..q. one,sinal.e-stranded break
(or nick) i SHEEHF eflﬁrﬁaﬁF ghew i E%T{Sroﬁﬁagamﬂ?kgﬁrﬁﬁﬁﬁegoﬁ‘%iéﬁat?g%t uration
(strand sepapAbiafiibs infMerb8uslbxdshgt BasiBw eftbiniicleases (endonuclease V and CEL

15 ) have been reported to cleave all 8 different single-base pair mismatches and

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.



as the original double-stranded fragnent representing the intact strand and
the other two are shorter. The two shorter fragnents are conplenentary to

t he | ong woagesanso7and t hey represent the break contai ni rgTasz0es1€b001Af t er
tenperature- or chem cal -i nduced denat ur&t i on the gel is arranged for the
second-di nensi on el ectrophoresis. Al nucleic acid fragnents now have the

sane strandn&gls %ljﬂtlf?é tgjge .are all single-stranded). Therefore all nucleic
aci d fragment’8 e i3a7¢ tpduced byrronrhing the methadzof theimyenticnx cept

DNA strands &aRloeiedeRSmits Gk defeci@diSivh Yard ! 1&53&%%&8@2%&%&{0 pded

fragnents. They now have hi gher m gration velocity consistent W “their

shorter length. Therefore the nucleic acid fragnents that contained

si ngl e- st r antescimbthedk asedrwith aidsths alyWTilER e FhOmathth 48 bR Ghdwn b tHehe
second- di nmen . Such_.single-stranded fragnents mgrate in front of the

on.
arc repr esenfohlﬁwgﬂ%lcmﬁﬁgtﬂxémﬂqs&ﬁ@é‘t‘:POmPéméﬂ&ﬁﬁ@Céi fragments. As
descri bed herein, the nmethod according to this aspect of the invention can
readily be applied to separate intact doubl e-stranded nucleic acid
fragnment & f rBramplese cont ai ni ng si ngl e-stranded breaks or nicks.
Si ngl e-stranded breaks in doubl e-stranded nucleic acid fragnents are
i nduced in various ways, including: oxidation, ionization radiation,
i nconpl et e rEEAMp®l:gy) ; g gnt senatad bl sampleeconbi nant

9 D £ G ZA ; C Gt SFNIragioy off p gaml

DNA, increas . t | i.n I i.d buffer i.tions,  activity of
sequencespecl #‘It%%ﬁ] ?K‘?[iggeZ?fE%%égjs diged DK v '%@g?iig}ﬁgés,

gl ycosyl asesstranibdDWA fagaents 86riRdTRm & NWhi ch detect specific

| esi ons, bul ges, or m smatches I n the génone, and activity of synthetic or
nat ural occurring chem cal conpounds e.g. osm um hydroxyl am ne, potassium
per manganat €A Phager BNMhyhedipesi widhietearitie, enaide Naeti-ssmiddd ih ssanmiogxes and
the like. As fis i _éfustrated with the particular enbodi nents in Exanple 8,

9, 10, afd 19 lloHlidersatiergments rpging iy sipe beiieenl? 192236 dx). Afieriée digestion

si ngl e- strangleda ArRaks din a ' di fferent chem cal
or physical factors. Anot ﬁ%?g?drr%ta fﬁé%%%?%fgﬂg}ggfa%ﬁ%dl?sﬁ%?ﬂsf%’n‘)fgr ovi des
a method to ewphaiyusogKléow fragnadit end Cys-doaPy Ths phesaliubiiweolpéIRd inanmpl es.
Prior to the,screeni n%v%hhf . . )

the same way Wwith 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.



sanple is denatured and renatured and sonetines control fragnments are then
added. The sanple is then treated with enzynes or chem cal that generate
si t e- specwdi2e06zi2B@lhte- st randed breaks where nutati ons or ppohyxwos/@odo®Ns are
| ocated that form m smatches in heter od%ﬁal exes. At | east two endonucl eases
(endonucl ease V and CEL I) have been reported to cleave all 8 different

si ngl e-base pair m smatches and snall er insertion/deletion bulges in

het er edupl exdisr (mséduamlmcm@horem ﬁylg@hsqadwxmwmwersi/@p|aih%t- clal . 1998).
O'ten such 9, ecific
cl eavage. R@Eﬁ%ﬁﬁ?}lﬂmﬁgﬂéeﬂ%ﬁ ed t@?a‘?q%fk%?' ‘%&% t|Sgasle Imaty

reduce the ﬂﬁ;thlﬁjm@ﬁ! Md:oﬂihea?f’agla)tbymiﬁm&hbesgwwphd@d@hgopuﬁtﬂerg'e]cks ( Huang,
Kirk et al. 2002).. parti.cu odi nent es cl eavage
det ecti on V\F%‘Hl"\@ﬂ%y‘}%? ?deﬁwf@%t e #d@ﬁCWﬁsﬁe@@fu bed above. The

result is a powerful met hod to potentially detect aII DNA vari ations

sinmultan Iex l.e f woul d
greatly ? %8%@&‘11 ”?R?g put o?rgesn%én%ér%clgar? em ca tig%logg{;/%%%?%et hods
and ther ef 0%&0&6@&&@51@@5%&11@%@&1 W 180 aﬂ'RfF}‘pa'paiduaﬂareﬂﬂmdimﬁhmenson al | ed
Twodi mensi onal N ck- Dependent El ect rophor esi s shoul d not

be as st ron@leyﬁﬁﬁlﬁeﬁ%@aﬁﬁln%ﬁxﬂ%b‘é@r for bt é%nséfﬂm E%‘E‘FF Céé’p‘::r con as e.g.
to- di mens: Qahedtith, REGEM H0lodR Gyt éhm£ma%e1 AIRL FANRARAGhmneed to
contain only one melting domain ere ore, generation mul tiple

anpl i cons mpybe chadiodw edclst t h di ver se approaches known to those skilled in
the art. Ot her simlar enbodinents are introduced by conbing the nethod of
the invention with other enz s that detect and cleave various lesions in
DNA e. glOUv-Hleereesant defprsiopref ﬁﬁ?é\a% fragraentoves capigd PRiaIsg ﬁqowcmcetsr%@n@%sent

i nvention can

acconpanyi ng %goﬁﬁ%%&é%ﬁéj@%o%@@ﬁﬁ%g@g%?:gggeﬁéﬂlg? ﬁﬁt gependent
separation oiza\ale@lgﬂﬁmambﬂ:e G70BP30 eth’rsgiomﬁ’.‘eet fvélysdiectigi mdsetxcetahkad DNA

Elr\ligrrent > aiwav%\l/e?lg‘lcha 362| nerg agg H’l 5%8&5%@5%& 11ter ?%r&fgtd%tectel&ll ved from | phage

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 thered 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 strandness 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).



| Phage DNA was digested with the restriction enzynme Ndell resulting in
formation of 116 different fragnents ranging in size between 12 to 2225 bp.
After thewdixgesaksem t he sanpl e was divided into two al i qoutis2o05mwonl i quot
was | abel | ed by extension of overhangs @8i ng Kl enow fragnent and Cy5-dCTP.
The other aliquot was labelled in the sanme way with Cy3-dCTP. After

| abel i ng reactions the products were purified using GFX PCR and Gel band
purificati orSimilhe reﬁﬁlmémmbtﬁmdwsrfoﬁhakpalgb O)3: indbernpéel 1 DN stpamihes wer e
denatured at_95C for_5, rqn foII y qurck transfer to ice-water slush to

form si ngl e Fig¥ardeall Sia efrté@ﬁle AFBeNthERsMs? e lyngshiagongldhough Bsar ed
cont ai ni ng a I i I
cont ai ned dgg%gﬁhcpe?&&e% S@Ifa &%ﬁ %Bﬂlil%%{é %ﬁtﬁraie%%el leﬂ-l&gthg lﬁelgBE)aN%gle
second cont aﬂttmectbdcfmammtse@rw -Nasapaxajibn bADBlAcbhriOblvas Dh‘@rrmdtdse torthe th| rd

of el O TS RRELEIHERET UL B9 AR UE: SEPREPPItPEGSI ot oo

of 10% pol yagnidang dendpie@@y8dadd O -DNALfraghta(Figee 2B) 8A€ titkaafdddeysni xt ur e
and 7 Murea The el was pgrgyrrerr?ed in ia"gﬁTBE buffer (89 nM Tris base, 89

mM bor at e, Gy3r MPEE)?BWCH’EEI'@WP@@ respliechia cormigration (ellryy 8¢ & afds done in
Bi oRad M t t
oom t errper a‘f%}’% ) PO Bher R L AR BRI F IR ool 18 L T

first di nensiediineieEiguaphrié all DN A dragalknts arebrntieatvd sheydloadaronvaa heat - bl ock
(dri-block Techne) and. incubated Fat 92¢C for 3 mn. To ensure better heat
di stri bukd orFon}ﬂ‘i‘éabé?tottﬁ%g?E@aFR)]P APyl m cubes was pl aced on top of the
gel sandwi ch. After the denaturation the gel sandw ch was cooI ed to RT.
Second di meng I¢ I\/UItt' hor
hori zont al L - ' &r to
the first drmnﬁemnm&eﬁﬁmephoresr S usi ng | X TBE buffer for 1 hour at
constant power of 5W Connection between el ectrodes in buffer chanbers and
gel-matrix was achi eved with paper el ectrode w cks.

A 274 bp DNA fragment was amplified from exon 11 in the 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



Fl uorescent detection of DNA fragnents was carried out usi ng

f I uor esceWO@Y ANt ng node of the AP Biotech's Typhoon 868354Y1%HPe node

i mger, with excitation wavel ength 633 nmand the 670BP30 em ssion filter
for Cy5 detection and excitation wavel engfh 532 nm and the 580BP30 eni ssion
filter for Cy3 detection. As shown in Figure IA single-strand DNA
fragments formed a line lying diagonal through the gel (red),

doubl e- st r and éBSmRAISHYaE GREIPESUE B Birteghes Tynbegn B Qvamblterx@odei imaget

si ngl e-strand t e r oand
O3 DA 11 agnon s TErparasie B A el G L el

EFI lgijr e I1_C) réﬁﬂAtFmgmentscom‘Imm%b?lges mfgrzi(ﬁlym ﬁmtfdiy]& drab&pdriedtify magcrltndt Sd .
yell ow |ine respectively ragne e nat ure e
[ he s comp Bt psts et it 1o i) Bguac a vaReas] CORA PRAGAENT < wer o
untreated §heypliawoaherpsas conparable to the green arc in Figure IA
Exanpl e 2: 2D SDE for strandness and | engt h-dependent separation of a

conpl ex sanpl e contai ning Cv3-1abel ed single-stranded DNA fragnments and

Cv5- | abel ed d@sanepls tr 2DKRIVE ENAstimatioreofl isniamiive dfffcieany miailcdgianc DNA.
To further exam ne the capaC| ty of 2D-SDE, corresponding experinents as
descri bed i n Espaigrdonkinalics ofdrphageBMNAnow usi ng Cy5- and Cy3-1abelled
Ndel | di gested human DNA Genomi ¢ DNA was i sol ated from whol e bl ood
(Puregene DNA isolation kit, Gentra Simlar results were obtained

as for the | phipecBA(H By Eeaste ré%aimwﬁhﬁ@efgaﬂm@m ham
| e- st rand |
(red): Dounl e e amse R Gy Ly Reitels pshfplot MeARRE B BEYBB DNE, 01

si ngl est r addedrdghagtanh@ng grs&mrﬁroml‘@tosl@ﬁéi ap). The digeiﬁw\Dandas thies laballad ned

due to the great er a et erogeneity of digested human DNA.
Separation of B &ggfg%ﬁiﬁs n‘?ﬁdrf@ % ulred Cy5- and Cy3-DNA fragnents (Figure

2B) and untreated Cy5- and Cy3- DNA fragnents (Fi gure ZC) resulted in

co- mgratlon( el.l.o nts re
denatured the einn‘g I\éyﬁgj C?B"rlf‘geafr gtrﬁca@i &égi%ﬁi gaﬁ'}aﬁgleii M%@q e 11étllﬁleDNA
fragments wer qwitrEassd) Wb dahtufdd ADS° WS 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 Cy5 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 Cot;;p to be 0.24 Ms. ACt curve was also plotted for the reaction and

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



conparable to the green arc 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 f rwomeesio2sers anplified fromexon 11 in the C kit pgensobsaoydn

i ndi vi dual known to be heterozygote for3a 9 bp deletion nmutation in that
exon. Such anplification resulted in four different DNA hybrids. Two
honmohybri ds (265 bp and 274 bp) and two 265 bp heterohybrids each were
cont ai ni ng Bxhaste BLRSDMieistiiate duabitysetemplak POR reastitise strand. The PCR
products were purified using G-X PCR and Cel band purification kit.
GeneRuler(tm | OCop DNA Ladder Plus (14 fragnments ranging from 100 to 3000
bp) was | ab®NAdampletisotatedifampwhglablapdavasmegested ed) BstYhand pwiféead- was fir st
treated with .T4 DNA pagl r.ase Wt t 'S pfions the
enzyne has dlaBWéS g{ﬂ%ﬁbé%% t’é‘?{l})e nr\égct%lgtgééleﬁ%%ﬁ tC )9%%@{(1?%1?2@@5%%@6% CTP and
unl abel ed d4gRificifdRenndi AGTP spasiid frémeradlitiethtdroal (B8] sieaesd wenfoainedws ng t he
enzyne to have stron olhéme,r ase activity. The | adder vvas?fLFen_ urified

usi ng GRX Pdrscaibgd o etail iy Wi B/ 248 kwich ipfullpmeorporiet hee the Cy5

| abel l ed DNg, r A SR Sk fid (iR ESluRBs [TiR Same
condi tions anf{a%gggt};)h\égé&é%%grﬁlbegﬁlgﬁ%Exarrp%gg—i, except the second di mension
el ect r ophor estimated aupbef of difftreat frign@ts iafthis coRPpleSPER spn tizt order, ofilndxgel was
st ai ned vvitq EthidiumBromde (EtBr) (1 ng/ m) in 50 mM of |IX TBE

Fl uorescent detection of EtBr stained or Cy5 | abel | ed DNAfragnents was
carried out with AP Biotech's Typhoon 8600 variable node inmager. As is
shown in Fi . f Bl% ag[;g% . n -1 The two
DNA fragnen%gécglé)ﬁlt\" g?ﬁ{encg’ﬁ%%%g%@%&gg% e |rtr:’1rS ron v?ﬁtﬂ? nggpgl@%% S%rélre fectly
mat ched 1DNA canditiors es @l Exgnede 3.n fidrehsepandodthveebvesstéine@withtBraead | y) to

their perfectly matched counterparts. Ex e 4. 20-SDE for timati on of
r enat ulroati oﬁll’é’%’l?ﬁcﬁmtéﬁweéﬁﬂ %Fﬁ%’&ﬁxﬁﬁpﬁf@‘ééﬂﬁlﬁrim gﬁ"%rh%ftetﬁ% gggf | phage
DNA. | Phage, Dhbid 48s fEeWatndigest &Rtk G8cilhdy WakdplidatbOfriganh).

(Arer sham

Example 6: 2D-SDE to reveal the composition of an uncharacterized DNA sample

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



Bi osci ences) at 500C. This creates a sanple of internediate conplexity (26
DNA fragnments ranging in size from6 to 18362 bp). The di gested DNA was

t hen | abelbedosvi2sd14Cy5 as described in exanple 1. Ten i e¢emtismesd/omenpl es of
Banl di gested and Cy5-1abeled | phage DBA ( 114 ng in 10 m of 0.3X SSC
were denatured at 95C for 5 mn. The tenperature was then decreased to 68C
at maximumrate. Sanples were directly transferred to ice-water slush at
tinme points usﬂng(i)he A3-SOE. ST HeSsam@Gondifionsld, sedBGis dasutiibédl#0Exdnmple BaeD-sanpl e

t B PACE cont 45 th
st 8 mon ISR LB the TR GONFeS R TneB AR RRRS PO o8 nor wi S |
the same SelyPcdt@SFURRHORSA GR%EId BEkY @eﬁ&@mémammrﬁﬁ ipforsepar at i on

at several tine points are given in gure After el ectrophoresis al
gel s were scﬁmﬁ@dTh@arccyBeﬁmﬁl@gél@Bé%c@e@ss @efswpﬁtm RNAEEABER 1. Ve
measured fl uorescent den5|ty of the arcs representlng S|ngle stranded DNA
and doubl e- I .

Bi osci ences EXag] : 2 9% Leyns s '

DNA f or eac@ b p0|nt and plotted 1/fract|on S|ngle stranded DNA vs. tine
(Figure 5). The plot should give a linear relationship if the data reflects
i deal second order kinetics with the slope of the line representing the

appar ent secwsdssaf@drthdtafier d@m‘saramn]!sthdzzloxsnmeys&xﬁs,tdohlbleeueﬁﬂeatrmja t 2 was
calcul ated to be 7110 seconds, and ti/2 to be O, ACot curve was

al so pl ot t edraEenisFONEBE iks é?ﬁamd@rﬁaawéed brepks Héthedpéawhgé’@atﬁﬁDWaer Cot
curve (Fi EWA f &P@I@'

reacti f)nsng\]% nple i s% atneS %?ﬁ%%mkg? dﬁ\%}éﬁglgﬂéﬁ}e Wt ﬁﬁgmgeR and
purifiedoO Ad@qnbthSraméafdeDNﬁg&agdemt& Sucke smgbtsdandaddaNﬂrﬁ@mmmtsmlnurgmtex PCR
usi ng adaptor specific prinmer and Alu, 3! nt ernal Bbsl
S 10 wms. porFRCe! e ST bur er foXsr Rastd PR et 20098 Ghch 1<
ful'l'y incor pefsgibRdo 6d BDISIE ak 81631 e Rtecibak BGitntifibdioN of shgleL stagnent s were
purified using GEX(tnm) colums. The estimated nunber of different fragnents

inthis corrplpreaksmppmplex@Nhéampémﬁhq)foﬂsnwglgﬁxpenment was performed.

A Phage 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



105. Fractions of the conplex PCR reactions were separated with 2D SDE
using sanme conditions as in Exanple 3. After the separation the gel was
st ai ned wvohodsiBso7and fl uorescent scanned as descri bed iPoTas@IPlLIR A
consi derabl e fraction of the PCR product34was single-stranded,
denonstrating efficiency of anplification (Figure 7). Exanple 6: 2D-SDE to
reveal the conposition of an uncharacterized DNA sanpl e Free nucleic acids
from pl asma DiNAa (228ag) twas acbubitedvat 20 L56f G2 @dviM,biN&Ek)HHa. Pene Avkog!
Nucleic Acid itkggogﬁ:) ga uf a tﬁ‘re,r' S protocol was followed but with
five fol d volMrEkyford [ % dlgethead 3ampia, Sybsequently he reaviionswhraenaheibyd DNA
sanple was ¢ I I c. The concentrated DNA sanple (23
ng/ m) was sgﬁﬁggﬁbﬁgf%%%ﬁ%g ‘described in Exanple 1. After 2D SDE
separation, the gel was stained with EtBr and scanned as described in
Exanpl e 3. 2RsSBRexieyRabies fdalontshishdToP St WEhiILeS) Y GhelfeAbhiloparl e
from plasma contained both single- and doubl e-strande ragnent s of
various 1engPh¥A firegaris veye sepxated) witly 2DsAPBDENg thessme wenditivimeandfsbiupiasncy of

CDNA first s j 1 NA | adder .(200, 1o, §00Q nt S
pur chased fr g‘%ﬁ%ﬂg?%}n %@.ﬁhél%eli ?&g%e@?eﬁaé‘@ogeﬁ%ﬁn E%%(‘YBS%FT‘%F? 1%3%%‘%6%
synt hesi s usamgepresenRay doibAe-strih v MISA Fiapaten! b1 e s&BNAsi A PES] Briki t
(Fer ment as) ere cDNA synthesis_was prinmed wth the included random
hexamer s. Q/gl-a%fé'ﬁd%@r% tipm phsipgle-sirandad; toepksikigued 1.0 | abel t he
synt hesi zed cDNA strand. Sanples taken after the first strand synthesis
reacti on werg_m xed. w 0Q bp doubl e-stranded DNA | adder (Fernentas) and
separatedusiﬁ'Xa e P -* "-éf;---' R UG- tdu 4N . complex 1) i
Exanpl e ) 2§5hHes eveal ed that the m xture contained | arge anount
RNA: DNA hybrids as expected (Figure 9). A specific arc representing the
KNA: DNA hybrids is fornmed (green). The arc representing dsDNA (red) is in

front of the\RNASEONNAawas digadtpivith BanPixdbelled vl €FF assick&itRBes EkhGple
si ngl e-stranded breaks in conplex DNA sanpl es W assuned that after
§

denat ur at i on4i Gy-Fdched B digpsted h Phase DINA £328aigdiwes Diibated in 20 pl of water
for 20 hours at either 4°C or 60°C.

Py & = by a

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 Cy5 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).



fragnents containing nicks or single-stranded breaks in the phosphodi ester
DNA backbone woul d give rise to single-stranded DNA fragnents shorter than
t he ori giwel2oemabl7e- st randed DNA fragnents. Such si ngl epetrnsaoee)oDNA
fragments will migrate in front of the ¥ c 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 breaks in conpl ex
DNA sanpl esRefereda@b| ow ng experinent was perfornmed. | Phage DNA was
digested with Banl and | abelled with Cy5 as described in exanple 4.

Cy5-1abell ed Ban] _digested | phage DNA (500 ng) was then in ated in 50 m
of 1 X NEBuf Beriol Bs eRB1 Sagptok (2003 b DNk anerearTays :

Engl and Bi o r - i1.8s I8
single-stra#%ggﬂﬂ?ggﬁggngkﬁ?gg%§§g}F%Fgg grong? éﬂggigﬁﬁgﬁa%ixture usi ng
G-X purification kit. N.BstNB | treated DNA and untreated control DNA were
separ at ed ugivagg, IDBSRErK) et 89 (2002). SARRn@ ] cabcllighs@ Bked efutticaSscai@gag i bed in
Exanpl e 3. A considerable quantity of DNA bands lying in front of the arc
repr esendi ngpethpd %W&%@éﬁ@e@aéﬁﬁqﬂwqﬁﬁélswé' Qrogenedl(13): 1HP-DNA i s
treated with{the specific nicking endonucl ease (Figure 10). Exanple 9:

2D- SDE to détect oxidatively induced single-stranded breaks in conpl ex DNA
sanples Cy5 | abelled | Phage DNA (prepared as described in Exanple 4) was
exposed to h&fEr M, @, R@Dépﬂ:dmngnAmmmsmalf@agrw@ah@mwmaﬁon

si ngl e-stranded "br eaks, | phage (228 ng) was 1 ncubated in 20 mM of 0.2
M H2O2  ( Memekmaaphisto. apalyiis Gy sedultaelferdhe figtection of myatians indeng ANA 30 ni n.
Subsequent |l y. the re Lon r by, adding 1 m of 0.5 M EDTA

(Si gma) . M@WS%MX@{]%g%d for 5 min with HHO2 and
untreated control DNA fragnments were separated with 2D SDE usi ng the sane
condi tiggs 3&1&\4%&&19@. S 2@ e d. ltafnicRadEX BT & AdalyAis Wr dRSRE 8AdabdbIEr escent
signal was detected in front of the arc representing doubl e-stranded DNA
fragments, Istranded nwrleomarids grpdlyaspdenside Bhil egdrnsh geds aousingeyexdl endrat i on of
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Exanpl e 10: 2D SDE to assay tenperature-induced degradation in conplex DNA
sanples | Phage DNA was digested with Banl and | abelled with Cy5 as

descri bedwonoixaspghe 4. Cy5-1abell ed Banl digested | phagegafNésqu@e® ng) was
i ncubated in 20 M of water for 20 hourgé6at either 4C or 600C. These two
DNA sanpl es were separated using 2D SDE using the same conditions and setup
as described in Exanple 3. The 2D- SDE separation reveal ed that these
extrenme condiihia@ASBi, Ndpsﬁddétoét-a& qedd)i 'Figd aﬂd Bors 128 Qeh N8R f the

si ngl e- strandness of DNA f ragnents, and total denaturation of the two the
smal | est do@é@@%@?@ﬂ@lé@bmof PaWsrrombimiign péinayscemeanpivsryafteroD- SDE t o

DNA d " I I
Phage DNA wisour pecrag i ROk IR RO SRR TERBhAEE IR Wih oy

and purified0dé-descri bed in exanple 1. The sarrpl e was kept at 4C for six
months in | X TE buffer. An identical fresh DNA sanple was prepared six
month | ater and these two sanpl es separated using 2D SDE as described in

Exanpl e i. ﬂ‘ﬂ@vzdéD@Oé)@b Ebptr@]phqr@waﬂ IaNAtangd othehpolydnefralptesn Ritysicalge of

| i near nl G L [ strand breaks as can be
j udged by |ncr easegﬁdg}fg f%mggﬁggi%ﬁ%ﬁhgg'ﬁzfront of the arc of
intact dsDNA fragnments (Figure 13).5 References Bowell, D. and J. Sanbrook
(2003) . DNA i N2 BHHIAY SW: KBwTRYSH U Aifan@sHiti Al Har bor,
N. Y., CoI d Sprl ng Har bor La‘lgfg[rP %osry F%Pesg Hu%gﬁagébfmﬁ%@l %9&&1?1915
(2002) . " An IeNAodmuddospisetihe emdohadesde ﬁumdfa&mdmmﬁu"@l}méﬂheﬂ 2901 al | 'y
suited for gﬁ’?ﬁ s of neoplastic tissue.”" Oncogene 21(12): 1909- 21.
Kovar, 3'{ et al. (1991). "Two di nmensional single-strand

conf or matl on pol ynor phi sm anal ysis: a useful tool for the detection of
mutations in | ong DNA




fragnents.” Nucleic Acids Res 19(13): 3507-10. McMaster, G K and G G
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product in Jedtméthbdro sspavensingiasirdmdonblkstratdedatonfi6)lar B&3eic 8did Sanbr ook,
J . and DW I‘fusTelflr 2001). Mol ecul ar, cl oni . a laboratory manual . Cold
Spring Har bdRoleqylsy from 3 yixaye; GREuKsPEdPe Y¥ediat ory Press. Spano, M, J . P.

Bonde, et al. (2000). "Spermchromatin damage inpairs human fertility. The
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" St r and- speci f ASRFRE vaREn dptachbuhaeniermatiapal differgnosun i nosi ne

3' - endonucl eas, b AR dERERE AR A 0kkes of finBleQlirab SR 2RY K9] fragha0ak O ai ms
1. Anethod to separate si néjl e- trom doubl e-stranded non-circul ar nucleic
aci d nol ecul esnfiniorized, allgwingseparatigpr ofsiqnglit leeg singles awsf doublepstmidell ng a

sanpl e q nucl ei ¢ .aci m)ie ul es;
nucleic acia moiecules;

— denaturing said sample in said gel such that strand separation of double-stranded
nucleic acids is obtained, by incubating said gel with a denaturing agent and/or at
an elevated temperature above the estimated melting temperature of the sample

nucleic acid fragments;

15 - electrophoresing said gel in a second dimension under conditions 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 gel
prior to the first dimension electrophoresis in a concentration such that

20  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.

3. The method according to claim 1 or 2, wherein said one or more denaturing
25  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



- loading said sanple in an el ectrophoresis gel and el ectrophoresing in a
first dinension said sanple using conditions wherein doubl e-stranded
nucl ei ¢ awDdodaregom@nt s remai n i ntact but conformati onal pdirfif®rsmoes

i ncluding | ocal intranolecular secondar$8structures of single-stranded
nucleic acid fragnments are rndnim zed, allow ng separation of equally |ong
si ngl e- and doubl e-stranded nucleic acid nolecules ; - denaturing said

sangl ein E %ﬁgzboggiycﬁﬁﬁlbomdl%mcﬁﬂh@ﬂ@clsw,&tehﬁﬁ, piendh ahd postieagistienolic| ei ¢
acids is obtained, by incubating said gel with a,denaturing agent, and/ or at
an el evat ed 4Ekeking HeetdRiFIcHOBePRRaP ey dmeg 2 g, E}@ﬁb‘& g‘fIE}%eTéf t he

sanpl e nucl }; 6, Al KLl {RYRRL fid mniShRsi QRAAAESHEE 2§ RirflaiRle, i N a second

di mensi on under conditions that prevent r e formation of double strands, to
separ at e t hetliylfomamide, dimehylfirmagideaaettamidadN-¢tubicetestidaAd¥d nucl ei ¢ aci ds

inthe gel. 2. The method of .claim1 rein.one or .npr i

agent (s) gi s ‘ﬁﬁ’&gﬁ’?ﬁcﬁafrﬂ‘ge’@é?plm&’ lggl\g{}]%g‘léﬁ’ F%?acgfa%ﬁgivglﬁgcg%%%%%%grr esi's
in a concentyrai-td)red v6pbitaks iscdiiins rbdlgaakidd) [ Baliestehrdetiwiarea, t-

doubl e-stranded nucl eic acids are m nim zed but_ doubl e-stranded nucleic
aci d fragmerutyleras Wiouies epd aldthiouses; elhampise Biclyding wsberedWt ar secondary

structures of _si - i C . t 1 A . 3. The
et hod accordrasTiPiar AR aMENE, SRfd R SR R B A
agent (s) i s HH;egirgduinidine] subfagidey glycioastimeiyhgulffxidd andraaetonitidecohol s
including nmethyl, ethyl, isopropyl, n-propyl, allyl, butyl, isobutyl, and
anyl al cohol s and et hyl enegl ycol; cyclic alcohols including cycl ohexyl,
benzyl, Ithendl Thamgthedrrse \ip Beyiof claime dhbI fudbes compaiping estimating e i ¢

conmpounds i ncl udi ankline,. pyridi ineq. 1. 4-. di agﬁy_gﬂﬁmgglactone,
and am notr ?lg?ggeﬁ&%%]’l%p&sw@&%ﬁ%ggg#ngf?err%fgng{éiesfﬁ?gel? %g%dgg r%g(?(n e,1 ©

di met hyl f or nRadties afeecthaitiseeratNnet hyl acet am de, N5Ndi net hyl acet ani de,

pr opi onam de, gl ycol am de, thioacetam de, val erol actam urea or

urea-rel ated conpounds incl uding carbohydrazide, 1,3-dinethylurea,
et hyl urea, tBuTlyd metbad according to any of claims 1-3, further comprising analysing the

relative amounts of single-stranded and double-stranded nucleic acid molecules after

15  their separation.

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,
20 PNA/DNA hybrids, or PNA/RNA hybrids or mixtures of any of the above 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

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

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

cDNA prepared from one or more individuals.



thiourea, and allylthiourea; carbamates including urethan, Nmrethyl urethan
and N-propyl urethan, detergents including Tween 40 and Triton X- 100;
cyanoguanwoizoes/02sarsf ami de, gl ycine, dinmetyl sul foxi de amdtasmbseuodwi | e. 4.
The net hod according to any of clains 13%8, further conprising estimating
the length distribution within one or nore of said single-stranded and
doubl e-stranded fractions after their separation. 5. The nethod according
to any of clai The hethodfacedriding to olapm il N, mipemmathy shidguutlee aced sanipleissount s of
si ngl e-stranded and doubl e- stranded nugl ﬁlf acid nolecules after their
separ at i on. 26ROTHATCRISFABHIMGOBTRAHE 2SH0SEh9T BT OF AL SHees PRSI SHbr i si ng
the step of . sQiatddaGidakls! east a part of said separated nucleic acid
fragnents fromthe gel. 7. The nmethod according to any of clains 1-6,

wherein said sanple conprises nucleic acid fragnments sel ected from DNA,
RNA, DNA/ RNA2hphnettisd t€ DisdsurPRA redfaiidatideiAylondyds,a mucleRNwidRbmlgbr i ds or

m xtures of any of the above neptiagned nuclei.c acids. 8...The hod
accor di n§ t suBisgtegto gP%ﬁt‘ﬁ‘éﬁcinW %%t%ﬁaﬁf’wamp&s@% ﬁ&%&h@%ﬁbﬁgﬁé‘h ces are

separated framyipy l?{,ﬁhé%{nacﬂgggse%irﬁﬁﬁ\z%dn@& SnglThamdmibrastasgar ding to
any of clainms 1-7, erein the nucleic acid sanple is derived froma genone
or transcri piugheic 4qid fragmentsis quntified dolawing ke sepgatiothe net hod according to
claim1-8, wherein the nucleic acid sanple conprises cDNA prepared from one
or nore individuals.11l. The nmethod according to clai rP,l- 8, \/\hyg{f%i n the said
nucl ei ¢ aci di3sarssethordo shayasteraesipageasfmradychipiico piriricianiy anRIfigalien. of

genomi ¢ sequenge, OB Wi I i B M Is S nudRic Aidret hod to
neasure the rengﬁiuf?gwg{r%qg?%@?}gncyn%?ngganuc_l elc gci d selllrlrlpl 1ec Slljbj ected to
denat ur dtdi onmalkdulee aatsepatied msing drepmetbodiof ¢liis bilépwhetinttheobsstigdd in clai m

RGN AT T e e S

and the length distribution of each fraction determined.

14. A method to estimate the efficiency of either first or second strand cDNA
synthesis or both, wherein following cDNA synthesis, the cDNA sample is separated

15  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 claim 1,
20  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 in
25  abulge-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.



13. A method to characterize strandness of products after nucleic acid
anplification, wherein followi ng the anplification, single- and

doubl e- stwendexh2mral ei ¢ aci d nol ecul es ée separ at ed usipag/istoes/eoedoiod of
claim1-11, wherein the observed rel ati anounts of single- and

doubl e-stranded nucleic acid fragnents are quantified and the I ength
distribution of each fraction determned.. 14. A nethod to estimate the

ef fici ency df- &imefbpd to defectingieeirmdedhrpalfdn e pRIPISH RIS asidbsanide.n, wher ein
followi ng c ' eINA i EUEHE : hod of
claim1-11, %ﬁ%@#%ﬁgﬁgéﬁ ness- 3@%2#3%%?“%?8%&%?% r e@%gﬁi}q}lﬁggamunt
of si ngl e- sttwarderbre Bdamedfiesths tiematdetorc A, wincklarRNlorBthanyitactds; and t he
| ength distribution o ch of the three fractiagns.,15.. Amethod to

ot ml i se- a St R Reaed Beprest i SakaRha o AP

doubl e- str ang@f niblelcictd BEsHeAPIRE Wb Bfaks) said sanple with the method of
claiml 5 and further to estinmate the anount of single-stranded cDNA,

doubl e-stranded nucleic acids and the | ength distribution of both
fractions, aitdA sethatlifogmitationistenniglof cheplek mytleicsdcichsatendesf cangirising:t o
obtain normalized material. 16. A nethod to detect bul ge-containing DNA
fragments froma conplex DNA sanple conprising treating the sanple with an
agent that cteawesdiaghkuuglengacd saanpde/povl dropubmpecrcnaeandividgaldoubl e- st r anded
nucl eic acid nol ecul e and subsequently separating single- and

doubl e-stranded nucleic acid nolecules in wth the nethod of claiml,

wher ei n t he st derrtwars thed i Adenpleqwohiugh ithnt dpable girandshate sspagiedce of

bul gecontai ning DNA fragnments.17. A nethod to detect single-stranded breaks
in a conplex nucleic acid sanple, conprising the nethod of claiml, wherein
the strands ToAensiEngpalt wanalc/geelof sggplesshe form pyeleicraciddistoredinlesr t he
denat ur aty on s whi ] than intact strands from

doubl e- ?Edr ande&gﬁlgpé\@gﬁlgﬁ(ﬁg%gg%mgﬁ’engt h and are thereby resol ved from
nucleic acid fragnments with no breaks. 18. A nethod for nutation-scanning

of conpl ex nuclghfnedid narmpd @fsfen&@gﬁahﬁ&leg:acrd RIpP4ed g o8 apahiRitc acid

sanpl e/ pool from one or nore individuals, )
specifically induces a single-stranded break at a mismatch,

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

method of claim 17.
15 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

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

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

method of claim 17.

20. A kit for using in a method according to any of claims 1-19, comprising internal
standards comprising single-stranded nucleic acid molecules of differing known

length, double-stranded nucleic acid molecules of differing known length, and



- denaturing the DNA sanpl e/ pool such that double strands are separated, -
renaturing said sanpl e/ pool of DNA sanples to formnucleic acid

het er oduplvexess/sivpr i si ng honol ogous strands, - treati ngcsasmosmoodbrr e of
renaturated nucleic acid duplexes with &h agent that specifically induces a
si ngl e-stranded break at a m smatch, - separating dupl exes contai ni ng

singl e-stranded breaks fromintact duplexes by the nmethod of claim17. 19.
A met hod t o otivredly d deseatatsde maries tpk sxgraiss iefrontafindcls@npldatole@0EPdirgigNd: -
provi di ng nugl ei ¢, aci.d, sanpl e that conprises nuc|eic _acids fromone or nore
i ndi vi dual s,efengﬁk&ﬁFﬁlﬁ&]? catesaiagithe Hnle Aasdieen glecoriopises iosendpeit-an enzyne
or agent that specifically induces single-stranded breaks in a presence of

a lesion, - I X talni S| -stranded breaks. from
"ot act _dupl Sortba pRaIRS LR, S0 nblE SRR PR IERL ot nod
accordi ng t eleatryplodredd at bffek-id@edientspravideddn ke ongini stpfogarndSoraOapr i si ng
si ngl e- stranded .nucl ei cid_nmpl ecul es of differing known | ength,

doubl e- s%r aﬁﬂ%‘g’lﬁ%?&?g’ugﬁ PIPRANRPIN ELCOBLitign MYilly WAEE- known | engt h,
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provided in a dry or sem-dry formto forma suitable sanple buffer
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binds to nucleic acid molecules in one or more of the separated fractions in the gel-

matrix in order to make said nucleic acids detectable in the gel matrix after

electrophoresis.

25. The kit according to any of claims 20 to 24, comprising a denaturing agent and
15  chemicals for gel casting in order to prepare a gel suitable for the first dimension

electrophoresis in said method.

26. The kit according to any of claims 20 to 24, comprising a pre-cast electrophoresis
gel suitably prepared for two-dimensional electrophoresis in accordance with the

method of any of claims 1-18.

20  27. The kit according to any of claims 19 to 26, further comprising an agent suitable
to treat the gel after the first dimension electrophoresis prior to the second dimension

electrophoresis.
28. An electrophoresis system for performing the method of claim 1, comprising:

— an electrophoresis cassette for supporting a gel sandwiched between supporting

25 plates,



in order to make said nucleic acids detectable in the gel matrix after
el ectrophoresis. 25. The kit according to any of clains 20 to 24,

conpri si ngoaoekansd7ar i ng agent and chemical s for gel castcmgsions/aod®er to
prepare a gel suitable for the first di fEnsi on el ectrophoresis in said
met hod. 26. The kit according to any of clains 20 to 24, conprising a
pre-cast el ectrophoresis gel suitably prepared for two-dinmensional
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to the second dinension el ectrophoresis. 28. An el ectrophoresis systemfor
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el ectrophoresis cassette, and a sanple port for introducing a sanple to
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el ectrical fi elagplisthensarl fediiodeal power is applied to said el ectrodes -
heati ng means having a heating surface within said conpartnent to provide
heat to and sustain said gel substantially at a pre-determ ned tenperature.
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computer loaded with computer software to control operation of said system, said

controlling includes applying a first voltage to said first set of electrodes for a period
of time, while the gel is maintained a first pre-determined temperature; raising the
temperature of the gel to a second pre-determined temperature for a period of time;

15  and applying a second voltage to said second set of electrodes for a period of time.

30. The electrophoresis system of claim 28 or 29, which system is configured to

sustain and withstand operating temperatures of at least 75°C.

31. The electrophoresis system of claim 30, which system is configured to sustain

and withstand operating temperatures of at least 90°C.

20  32. The electrophoresis system of any of claims 28-31, which system is a

microsystem configured to operate with microgels of a size smaller than 10 cm?.

33. The electrophoresis system of any of claims 28 to 32, further comprising
computer software loaded on a computer, for analysing a gel electrophoresed with the
method of claim 1, based on a digitized image of said gel stained with a suitable

25  detecting agent, said computer software comprising code such that when run by a

computer, steps are performed to



and applying a second voltage to said second set of electrodes for a period
of tinme. 30. The el ectrophoresis systemof claim28 or 29, which systemis
confi gur eslot2006z2sd7@i N and wi t hst and operati ng tenper at ures/nsfoozbooh®ast
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internal standards spots, assign detected areas as single-stranded or

doubl e-stranded nucleic acids, - estimate density of detected areas and
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acids in the el ectrophoresed gel. 34. The systemof claim 33, wherein said
conputer sof t watrandagrishdeutdeaprndsésudeidacidsiotihe hiectrephopesedgd. performed to
estimate the length distribution of one or nore of the separated fractions,

based on the tial distribution within the gel imge of the detected
fraction ar e%@&%@yﬂwmgﬂz=ﬁgﬁrﬁ¥%ﬁ 4t spERasiEhey compEstRFoder , for
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the ratio of single-Stranded and doubl e-stranded nucleic acids in a sanple
run in said gwhrateshirabtionsyphaset onghe gradial dgistoibuion withjurths gelgmpgogf then
instructlioon (.[lniar%s ]iro ti nstruct a conputer processor when | oaded and run on a
conputer’, to clee ?% g?bo&a[rﬁ%sm val ues defining internal standards in said
sanpl e conprising both

35. A computer program product loadable on a computer, for analysing an image of a

two-dimensional electrophoresis gel to determine the ratio of single-stranded and
double-stranded nucleic acids in a sample run in said gel, said computer program

product comprising program instruction means to instruct a computer processor when

15  loaded and run on a computer, to:

— receive input values defining internal standards in said sample comprising both

singlestranded and double-stranded nucleic acids in differing known lengths,
— detect spots in said image corresponding to said internal standards,
— detect stained areas and determine boundaries of said areas,

20 — based on the location of the internal standards spots, assign detected areas as

single-stranded or double-stranded nucleic acids,

— estimate density of detected areas and integrate to determine ratio of single-

stranded vs. double-stranded nucleic acids in the electrophoresed gel.
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