WO 02/ 12876 PCT/ GB01/03275 1 SYSTEM AND METHOD The present invention
relates to an analysis systemfor and nethod of determning the velocities
of m gratwegasjects, such as sanpl e conponents travell i npCct/ecBougi?7a
channel, in particular, but not exclysively, as neasured

el ectrophoretically. Electrophoretic Separation techniques are separation
techni ques in which the conponents of a sanple plug are separated in a
separation colum by the dif&gkecqiagAND MRTHODr ation rates of those

sanpl e conponents on the application of an electric field thereal ong, where
absorption, fluoroescence, electrochem stry, conductivity, radioactivity
and ma spect.ronetry n.be all used to.detect the.electrophoretic

separ at'} WT&FW IBY%T&PntrSE%étt%FWWSEWSVE\ f;%ia{u?&ethgg ort}l%ﬁfeéﬂnﬁrg“h@%j ects as

r epr es aR{RHilY%f this@tin® bbjebis £fich AP SR8 EcHiPonehtanakllipgaliouth e@hamel tial i ty
of signals as generated by a plurality of spaced detecting el enents have
to be qurticslagtted notrerclysivedin as measused electrepboretisplly.f i ed that, as the signal
peaks and the detecting elenents have a finite width, the correlation of

t he signal peaks is not one to one, and that this non- equi phase

corr el #le@pherels séparatidnasshnifues eftepdrhiich Rokhifende whidr thasedpants alcy i n
determ ning the object velocities, By way of exanple, .for an object having
a | i nedrsappleRlpg ¢re seRsiateshin aspraratigncoliman by theyditfereaess ip thesmigration; rgtes
space-t | = i re i 1 i ignal peaks.
ol T S D e Bl g R B e g e

i nf i ni tabsorprdn, fludtdestdnme, dlénerochemisiratdonduativityradpagmaty gneakasswoul d resul t
in a true straight b Iilne i n (iépace%rt#ne rg resentation. It is thus an ai m of
the pr SBEROMEHYERRO6F lt‘ﬁeé)f'cb tert the plectopBRrslc SePfIONs system for and

met hod of determning the velocities of mgrating objects, such as sanple

conponents travelling through a channel, and in particular as neasured
el ect r dpleodesto deteinyine the velocities of migrating objects as represented by a set of :

electropherograms, signal peaks from a plurality of signals as generated by a plurality of

spaced detecting elements have to be correlated.

The present inventor has identified that, as the signal peaks and the détecting elements have
a finite width, the correlation of the signal peaks is not one to one, and that this non-
equiphase correlation leads to a loss of resolution and hence decreased accuracy in
determining the object velocities. By way of example, for an object having a linear velocity
function, there is a continuous set of slopes in space-time co-ordinates that are incompatible
to the set of signal peaks. It would only be if the signal peaks and the detecting elements
had infinitesimal width that the correlation of the signal peaks would result in a true straight

line in space-time representation.

It is thus an aim of the present invention to provide an improved analysis system for and
method of determining the velocities of migrating objects, such as sample components

travelling through a channel, and in particular as measured electrophoretically.

Accordingly, the present invention provides an analysis system for enabling determination

of the velocities of migrating objects, comprising an equiphase space-time map generator for



Accordi ngly, the present invention provides an anal ysis systemfor enabling
determ nation of the velocities of mgrating objects, conprising an

equi phasav@apacmssd i ne nmap generator for WD 02/ 12876 PCT/ GBBAT/GBAVE3272
generating an equi phase space-tine nmap of equi phase points fromeach of a
plurality of data sets representative of the signals detected at a
plurality of spaced positions, with the velocities of the objects being
determ nable by fjtti t he..sets_ o i e i J i me map
cor r es SSRAFHE noe({uﬁﬁeha?egsspﬁg%'{l?n\%elﬁ%{’fe%tﬂg).hggra%%trgZ‘lé)lr?é/:éadthhrbef{a VSt e% fur Ea]her
conpr i $eg répryehiativé yf thesiganlsidetectbdtag b plunalitg of kpmced positdns, wethobd t i es
associated with the signal peaks in the signals apd grou ing t.hgse signal
peaks Vvelpcisies ef thepbiastsieing deservnibhaby ﬁ@!ﬂggh? §ets @{]wg‘?héﬁ‘???l SRR Ty st em

further ges]ay rtex fi ) o {fying at | east one vertex from
t he spggécgﬁﬁﬁnéeﬁlﬁgﬁ,grrgﬁobgfﬁgf%?%g{esﬁe\%ﬁ%i%ééi ng identified for each group
of objects having a commopn constraint and the velocities of the objects

bei ng determ nable fro he sets of equiphase ppints.in_the space-tine mp
a5 {1t REeIpY, A SESFUUTh R8s vepHBt BTy AR pa e B
gener atQp, | e abid SRupidt Bod §&ial pedks! ocal

sl opes%&&lt%é%%pﬁa%g t%e{lﬂ%g%nlﬁﬂﬁag? %ﬁgg&?%e m %i r?\?ng{gabsol u@fe ocal

der i vatihteasts acéerdingrtabbminal helosipace-ti mne map generator is configured to
utilise a corrected tinme conponent in generating the space-tine map
according to a function of the electric current variation. Mre

pr ef er gipbigrablyn eheCteBERIFPEr écnRRePh Yok fistick e iflertiTyingrat teastondhvettbx t ' ) dt '
inthe range of 0" tot, wheret is the neasured tine, tc is_the corrected

time, [frinsthetspaceetimemeg, withreainglemertaxdeing ideptifiqddPe paahcarouriph @Hects | n one
enbodi nent the object 1y - | | ] heidd . Lment the
obj ect 'ﬁg{\ﬂe 4 Q08 éneéongg?xgg%rg&rﬂe rgg) lélre ggfﬁg ot% ﬁetgﬁo%efﬁ&?eg&ﬁlggg g?glﬂg t hr ough
a channgets.of equiphase points in the space-time map as fitted by the respective vertex.

Preferably, the space-time map generator is configured to transform each data set into a set

of local slopes and determine the local minima as the minimum absolute local derivatives.

Preferably, the space-time map generator is configured to utilise a corrected time component

in generating the space-time map according to a function of the electric current variation.
More preferably, the correction is according to the function t. = [To/I(t*)dt’* in the range of 0
to t, where t is the measured time, t is the corrected time, I is the measured current and Io is
the reference current.

In one embodiment the objects are non-labelled objects.

In another embodiment the objects are labelled objects.

Preferably, the objects are migrated through a channel.



WO 02/ 12876 PCT/ GB01/ 03275 3 Mre preferably, the channel conprises a
separation channel through which the objects are electrophoretically
driven. woonesesbodi nent the objects conprise conponent sp€T/GBODOR7Sanpl e.
I n anot her enbodi nent the objects conprise conmponents froma plurality of
separate sanples. Preferably, the otrapects conprise nol ecul ar conponents.
Preferably, the objects conprise polyneric conponents. WNbre preferably,

the conponents conpri se DNA bapds. The present invention. alsg.extends to an

el ect r%ﬁ%p@ﬁqr@%&gﬁ%%nagl GRS ﬁéeﬂaﬁ%ggtﬁ; ginel h@gﬁg Wgﬁ’hgb%{))[@ﬁés e

pr ese.”Elej:tPéﬁxpf'éti@éll $fenProvi des a method of enabling determ nation of the
m

vel ocities o rating objects, conprising the steps of. determning .
equi phase points fromthe signal peaks of each of the signals detected at

a plurality of spac asitions; and generating an gui phase space-tine
map of 11 f eé’éﬂﬂdﬂﬁ%fg‘ggep@ﬂﬁ?té,mw{l?? TM@‘P%%PW eﬁ?fnp??ie obj ects bei ng
determ nable by fitting the sets of equi phase points in the space-tine mp
corresponding to the respective objects. Preferably, the nethod further
conpr i §mancties embedisent thearbgects eimpyiselisompontntafromed puralifeef sepa@tsci at ed with

t he si gnal1 %eaks in the signals and grouping those signal peaks into sets
accor dPHBP'tD nomi nal velocity. Preferably, the method further conprises the
step of identifying at | east one vertex fromthe space-tine map, with a

single vertex being identified for each group of objects having a WO
02/ 128 Peferahly 3Be phissts pompyise molecular components.

Preferably, the objects comprise polymeric components.
More preferably, the components comprise DNA bands.

The present invention also extends to an electrophoresis apparatus including the above-

described system.

The present invention also provides a method of enabling determination of the velocities of
migrating objects, comprising the steps of: determining equiphase points from the signal
peaks of each of the signals detected at a plurality of spaced positions; and generating an
equiphase space-time map of the equiphase points, with the velocities of the objects being
determinable by fitting the sets of equiphase points in the space-time map corresponding to

the respective objects.

Preferably, the method further comprises the steps of determining the nominal velocities
associated with the signal peaks in the signals and grouping those signal peaks into sets

according to nominal velocity.

Preferably, the method further comprises the step of identifying at least one vertex from the

space-time map, with a single vertex being identified for each group of objects having a



common constraint and the velocities of the objects being determ nable from
the sets of equiphase points in the space-tine map as fitted by the
respecti weovmi2sex. Preferably, the equi phase points are depCEGBOINEL7HY
transform ng each data set into a set of |ocal slopes and determ ning the

| ocal mnima as the m ni num absol ute ﬁocal derivatives. Preferably, a tine
conponent corrected according to a function of the electric current

vari at 'cgrqlrrt $ dohitdimSthd the 98B&L (#]cgef‘ ng(f‘é B@ﬁg’d%{é?ﬁir{gﬁf% frMR%R RELder ably,
the correction 1s according to e function t,, =Jlo/lI(t")dt' in the range
of 0 tequiphaselpeints in the spdve-timasiap edfitiediby theaespectiveevarxr ected time, | is
the neasured current and 10 is the reference current. |In one enbodi nent
t he objects are non-1labell ed objects. In another enbodi nent the objects

are 'a%éfk}gggeme%hﬁgﬁé;?&{lﬁgﬁp éfemﬁ{i@] I SEESARES ebhTlafd §FirkdIh QAT 2

channel . prefe channel conprises a separation channel

t hr oughoashilopestand detgradtisg tiredocad Imgitmaogstibe etiniowninh gbsphite kaeal denivaiiees.
enbodi ment the objects conprise conponents fromone sanple. |In another
enbodi ment the objects conprise conponents froma plurality of separate

sanpl esprefra8iyeh M comhpbhetidiRd 2EERMEING B0 AP RSN T tIETRRAS Birent
Preferably, the objects conprise polyneric conponents. WD 02/ 12876

PCT/ GBOari@Bm7i5 utiisedoinegeperating thslspacettiae owpponent s conpri se DNA bands. A
preferred enbodi nent of the present invention will now be descri bed
her ei nbel ow by way of exanple only with reference to the acconpanyi ng

dr awi nQ¥iereipRefsfablh thertgticBor isi dcbardingab e fuhetistes, edi At i in tid raage of 0
el ectrophoresi s apparatus_in accordance with a

to t, where t is the measured time, t. is the corrected time, I is the measured current and Io is

the reference current.

In one embodiment the objects are non-labelled objects.
In another embodiment the objects are labelled objects.
Preferably, the objects are migrated through a channel.

More preferably, the channel comprises a separation channel through which the objects are

electrophoretically driven.
In one embodiment the objects comprise components from one sample.

In another embodiment the objects comprise components from a plurality of separate

samples.
Preferably, the objects comprise molecular components.

Preferably, the objects comprise polymeric components.



preferred enbodi nent of the present invention; Figure 2 illustrates the
anal ysis system of the apparatus of Figure 1; Figure 3 illustrates a

t hree- di mems2/m3aé representation of the intensity-tine siBORGBID6320he
conponent of a sanple plug as detected at positions z1, z2, Z3 spaced al ong
the separation channel of the apparatus of Figure 1; Figure 4 illustrates
the intensity-tinme signals of three conponents of a sanple plug as

det ectmr@bre%pgﬂy,img%oglbon&gsc&%rﬁgmgbg},@g the separation channel of the
apparatus of Figure |; Figure illustrates a space-tinme map as generated

fromthe intensity-tinme signals of Figure 4; Figure 6 illustrates the

57" ana argRre BBt SFE PR Eppip bR RS R R et i By O
intensbfmﬁﬂg@rg'ygnﬂi Rfdréuatd el accSBpATyaiedrdwindsemt whickNA sanpl e pl ugs
a

conpri sing nds having different base pair termnations. Figures 1
and 2 illustrate an el ectrophoresis apparatus in accordance with a

pr ef er i rese i ti.on 7 01/ 03275
Dot e, FIRSAMEEE Qe DS ek AT Rl B OB SRR
m cr of pleferrdtentbodimentifitisd pradeat invbition; and an anal ysis system 3 for

anal ysing the detection signals generated by the detector chip 2. The

detector chip 2 includes a separation channel 4, in this enbodi nent a

meandeg; f2 gﬁkt'ratteé {He%a&'él@wsgém otfmeoag> Brapy &*h%&g jconponents of one or
nore samnple plugs are 1n“use driven an applTed &l ectrophoretic voltage.
The separation channel 4 has a length sufficient to

Figure 3 illustrates a three-dimensional representation of the intensity-time signals of one

component of a sample plug as detected at positions z;, z,, zs spaced along the separation

channel of the apparatus of Figure 1;

Figure 4 illustrates the intensity-time signals of three components of a sample plug as

detected at positions zi, z,, z3 spaced along the separation channel of the apparatus of Figure
L

Figure 5 illustrates a space-time map as generated from the intensity-time signals of Figure
4;

Figure 6 illustrates the velocity spectrum as determined from the vertexed space-time map of

Figure 5; and

Figure 7 illustrates a space-time map as generated from the intensity-time signals from four
separately-injected DNA sample plugs comprising DNA bands having different base pair

terminations.

Figures 1 and 2 illustrate an electrophoresis apparatus in accordance with a preferred

embodiment of the present invention.



al |l ow separation of the conponents of the sanple plugs. Preferably, the
separation channel 4 has a wwdth of from25 to 100 mand a length of from
20 to 30wom2/13BMe separation channel 4 includes a pl ural P€EYGBONOR2MS S
enbodi ment first to fourth, spaced sagple-injection ports 6, 8, 10, 12

t hrough which sanmple plugs including a plurality of conponents, in this
enbodi nent DNA bands having the respective base pair termnations A T, G

and C, @k %1ec§swresti§bypar£m$%cﬁfheg ot @etb s SR m&oggﬁem iffa slilfs@trﬂ@t ect or

chip 2 further includes a [ight source 14, In this enbodinent a-UVv |ight
sour cechipdasiaosanhlydiosygten B dogatelydingthe dstebtionfignhle gsepatedttiyohe dhteatos| 4,
and a d\‘;‘ ctor 16 disposed along the length of the other side of the
separ af8rf- channel 4 to detect light transmtted through the separation
channel 4, with the presence of the migrating conponents being detected by
t he change in the detected light intensity as caused by absorbtion of the
i nci dedhe detegfhr chipy ld@luécsta epanatien ghamﬂebét do mlp@ awhodinient & hiegndesiigegsl- t he

di nent the

sanpl e ~¢0 necessar

cot bot A BREH, rOT8Fyhith in CHRR IR, of BF oy MLtk s Rl e FREREYE
pl ural b} ¥n @f)plwdméaroph@:\end vOagde TeisbpFad Lemnhe 410 adeﬁageﬁ b ffigichh e
transmited |I§ht at a plurality of positions zl, z2 spaced al ong the

| engt hallgw separadipniihe @mnp@wam@ thejsamnde plugpuPraferably, the @mrattoyn chenrglgnal s
S1, S2 t I Sl ted as
ol uaiiES s ot R 25 16 FOF bl lend B 68 AFDIogHim, Frk SHRHISH P O%. |
however:hadnel 4iindhrdes aq)wrallmy; inithis et ment fihe td éhetH, spackd smﬁpsiﬁnmjaetiorﬁ

p! w ?l | g%s 8 \/§n lgh ?eég E%UW%J‘G %ﬁép%ﬁ-}gg n%,l;lgél?llglgtp){l.gghty o%sclo;[nlp?grmlesqtqzﬁ%pms z3,

éiter”@ﬁab&ﬁnﬁﬂ@@@lﬁ[‘%ﬂds%ﬁ@m@%@@s foi} 6 p6QU) i BfRERH R RY ot Bl eal Tty of

separate detectors each provid tecti ng el enent anot ‘

al ternamaveéelmmbwpdr‘eﬁothdaba‘atledclmnpllfé conponents coul d be used, such as

sanpl e conmponents including fluorescent or radioactive |abels, mhich

| abel's woul d be detected by the detector 16. WO 02/12876 PCT/ GBOl/ 03275 7

The detector chip 2 further includes a light source 14, in this embodiment a UV light source,
disposed along a length of one side of the separation channel 4, and a detector 16 disposed
along the length of the other side of the separation channel 4 to detect light transmitted
through the separation channel 4, with the presence of the migrating components being
detected by the change in the detected light intensity as caused by absorbtion of the incident
light. By detecting the sample components in this manner, the sample components need not
necessarily be labelled. In this embodiment the detector 16 comprises a pixel detector array
(PDA) which includes a plurality of pixels providing detecting elements for detecting the
transmitted light at a plurality of positions zi, z,, z3 spaced along the length of the separation
channel 4 and outputting a plurality of signals S;, Sz, Ss3. For ease of description, the
detector 16 is illustrated as including three detecting elements at three positions zi, z, z3. It
will, however, be understood that in practice the detector 16 comprises a plurality of
detecting elements at a plurality of positions zi, zy, z3, ... , Z,, Which each output a signal S;,
S2, S3, ... » Sa. In an alternative embodiment the detector 16 could be provided by a plurality
of separate detectors each providing a detecting element. In another alternative embodiment
labelled sample componeﬁts could be used, such as sample components including

fluorescent or radioactive labels, which labels would be detected by the detector 16.



The anal ysis system 3 conprises a data collector 18 for receiving the
signals Si, S2, S3 generated by the detector 16 and storing those signals
Si, S2, Sayidata sets, a velocity sorter 19 for deternraincgot/m7Hom nal
velocities vl, v2, v3 of the sanple conponents associated wth each of the
si gnal peaks SP1, SP2, SP3 of each of the signals Si, S2, S3 and grouping
t hose signal peaks SP1, SP2, SP3 into sets according to nom nal velocity,
an equi phase space- tinme nap generator 20 for generating an equi phase
space-tinme map of equi phase points from the signal peaks SPl, SP2, SP3 of
t he si%@lysw,sygzmq%@mms@s a detacollectpy hker receiving the gignelstSyi $ayS3t he

vertic t i LNl f th rQuped. set s, o i . SP1,
Pz, apgerijed BnEAHeBIPTE RELEl R st HEndl SLOR WE B er S SRLLRSE o 1
be opersefor determining the hbmirl uélpideey,, ¥pag of tHenmpRicoagraents @ssodlited n
alternatjve enbodinments the velocity sorter 19 could be provided so as to

! . t
be opelibeachAtihs signad pedfecut PP SRupl epshof thegngnals r St Ife 2DG BIWING nder 22.
Fi gur | Sol f 0, i ' | jllustrates
the o1 hosq el Bl SP 8, SPARIRORES e fo dolhl Velcfy Mgy ied kel 01 ¢
conporteng nﬁt) gangag e fmfgmbxlatipg ) ]S:qdiphasé :Spddett%(me gxlza)}imﬁ equiglé)d%e psinms‘t%g? S1,
S2, S3,each inclu plurality, of signal_ peaks e . -n.
Fi gur éhﬂsﬁgp?lmﬂfﬁgé‘s gPhélf)é PhHsisignals Si55:, SSS?“gsa yerex fafer?4 ff}?F lentifying peaks
SP1, SRewerBieds offth® BYiPhRE pSRIPFNES d SetSbf\Gbfl PARIsP, PSIsp e ﬂﬁ%'vgmot y

foufg
sorter 19 is configured to det erm%eu?he nom nal velocities vl, v2, f
the sumhsdemedithoveptity woeod? sprdvided ko estorbeatpetable priggrathessakhagP1, SP2,

SP3 in_eac f the si I 2. S ad t hen 0 t hose. si | peaks
Spr, Qpce g mapeneBl D, dn AprmalNie s mhiinatte ey oRen D i e

vel ocigrodided do as#d, be\bpefible dir Rl patatifge rd ddneraBR0IdreRSvettex fadler 223 of the
detector elenents are fixed and the elapsed tine t is extractable fromthe
signals S1, S2, S3, where the nominal velocities can be expressed as vt _"
= z1 "¢ BY; s SHRHG ' : . S | 0f- S @cgor di ng
to nonil%‘fatrle ve C?CI ty?grang%@r?g%adsfé]rlrlgﬁ?ga@%% nagﬁtl&uStIgE%éié%%glﬁ%gghasgy% sis
faci | ias anchadiag oblyen dagla ppaki SR Sr@s aciigé esnpérieht efeclinglasahplepbdugoment  can

be fitted w thout requiri t use. of compl ex data extraction techni ques.
Vel oci'f 1ty,v\4lowever, tll:]e ggnals gllg Sz,hseg, each inciude ap uraﬁty oaf s?gna peaks SPy.,, SPi., q

SP1... Figure 4 illustrates the signals S;, S, S3 as including three signal peaks SP;, SP;, SP3

from three components of a single sample plug.

The velocity sorter 19 is configured to determine the nominal velocities vy, v2, vs of the
sample components associated with each of the signal peaks SP;, SP2, SPs in each of the
signals S, Sz, S3 and then group those signal peaks SP;, SP;, SP; into sets according to
nominal velocity. The nominal velocities vy, v, v3 can be calculated as the positions z;, zo,
z3 of the detector elements are fixed and the elapsed time t is extractable from the signals S;,
S2, S3, where the nominal velocities can be expressed as vy, = Z1/t. By grouping the signal
peaks SP, SP2, SP; into sets according to nominal velocity, and hence sample component,
subsequent analysis is facilitated as the data points associated with each sample component
can be fitted without requiring the use of complex data extraction techniques. Velocity
sorting is encompassed by our earlier WO-96/35946, the content of which is incorporated

herein by reference.



sorting i s enconpassed by our earlier WO 96/ 35946, the content of which is
i ncorporated herein by reference. WO 02/12876 PCT/ GB01/ 03275 8 The
equi phasav@pacas7é i nre map generator 20 is configured to deper/Boro2ie | oca
mnima of the signal peaks SP1, SP2, SP3 in the signals S1, S2, S3
detected at the detection positions z1, z2, z3 and generate an equi phase
map Min space-tine dinmensions fromthe determned local mnima. Figure 5

|11 ustrd @8idhag HRECEnmel MR8 c8h8ELrbd RIAddiminOaR!1o6Hl Hifhatet r act ed
from t’{m ésai%bﬁnal S%)eaksmSFrflwp%@% SP3 oc ther5| gnal s él S2, S3. . In this

enbodi thre signagehkse$Ric §Pn ;ﬂ?enm@neasrgnaks Sir 80 dctnetad phthe dgtestion msmqs@éu, sl opes,

where a tri.angul ar 0 e defi naI t I trenme
e i e gn saaraS oS RER Pact e Spdb MR Rt Sanliaet o
time comaReriousd s ilﬁ@tr@t@Eﬁféts%dcéihﬁl@%a% ﬁlgen%ted%m shelokilagingfla as a
function of the integrated electric current variation. OMng to the

var i atéxtracisfl fioay thesignaf peake 8B 1.i SP2e$Rcafitbpsignals $5 Sdedsecti on, the tenperature
bei ng one of the nost significant, the <characteristics of the separation
medium in this enbodinent a gel, are altered. Firstly, the resistivity of

the gein tﬁi@%ﬂﬂ)@ﬂmmdn@@ﬁhhrkgedtﬂ)phéfdg?dm @NFansforinbe iMeasat dfdbealisfopey, evhere bet ween
the electrodes and a given point in the gel and fluctuations in the

el ect rirengulpr done segnsp defnestansignal pad thedognl epesme dhe minmpingy apsoltiange,
affectbQ% del€afRbi ity of the el ectrophoresed conponents. By nonitoring
the electric current the time conponent of the space-tinme map M can be
corrected as set out hereinbelow Specifically, the time conponent is

curvedyi 2 ylumehen o Lle LiLearst of ol el lic curent, Nar alhon, The
the Measifgeidd SBnhE ARRRRRAkIERiCairRhf 84iafidn! OWRng RIMMERARAtIén of varibls
factors in electrophoretic detection, the temperature being one of the most significant, the
characteristics of the separation medium, in this embpdiﬁent a gel, are altered. Firstly, the
resistivity of the gel changes, leading to variations in the potential difference between the
electrodes and a given point in the gel and fluctuations in the electric current. Secondly, the
sieving properties of the gel change, affecting the mobility of the electrophoresed
components. By monitoring the electric current, the time component of the space-time map
M can be corrected as set out hereinbelow. Specifically, the time component is curved as a

function of the integrated electric current variation.
The velocity of a sample component is:
v = dz/dt §))

For a transformation of the measured time component to a corrected time component t — t,

it follows that dt — dt. and v — v.. Thus:
vo/v = dt/dt, )]

The transformation v — v, can be defined as:



it follows that dt - dt,, and v -> ve. Thus: vc/v = dt/dtc (2) The
transformation v --+ vc can be defined as: WO 02/ 12876 PCT/ GB01/03275 9
vr/v = | WO L/®28(68) where | is the neasured current and | oPCHGBhE0X285 er ence
current which corresponds to the frage where all velocities and tine
conponents are projected. Fromequations (2) and (3), it follows: dt,: =
lo/I(t)dt tc =f lo/I(t')dt' for O tot (4) The justification for the
velocity transformation (3) is that the velocity is approximately
proportional to_the applied electric field, which in turn is proportional
to the el ectdYcltdbrent i@k he separation channel 4. This correction
factor has been found to work well for small current changes, with the
integral of equation (4) providing for an accurate tine transformtion.
The vemtheie Ifis tideneadlred sumentfandUs 8dhe toferehdescugmhodhivhbrigypdnbietothe of
rotatignal trifei, 1o identify the vertices V of the equi phase points of
the gr Japeavnses dl yglodtigtand tyag gempgnentsgpe projesiesl. a5 det er mi ned by t he
equi phase space-tinme nmap generator 20, where the conponents of each
i njected sanpl e plug have a conmon vertex V by virtue of being tine and/or
spat i aFtom egepansaf2ednd (B) hdolbpace-ti me di nension. Al of the sanple
conponents injected in a single sanple plug are uniquely identified by a
single vertex V in space-tine co-ordinates, thus allow ng for the
i dentifi cat yQe pf(tjdbe sanple conponents(iffA@aeasd @ft a plyyality of
separatel y-provided sanple plugs. Figure 5 illustrates the vertex V as
determ ned fromthe generated space-tine map M This space-tinme map
;n(S:: ﬁgﬁ‘ge @gﬁ%fagiogifﬁrgtl_hg vgl%rcltt}ef‘ %(rar\l/sfgrsmﬁioln (9; is t}gal%%hecgqug{}qrs]%;%prvo\ei{n?ataglovI ded in
proportional to the applied electric field, which in turn is proportional to the electric current

in the separation channel 4. This correction factor has been found to work well for small
current changes, with the integral of equation (4) providing for an accurate time

transformation.

The vertex finder 22 is configured, in this embodiment by the use of rotational matrices, to
identify the vertices V of the equiphase points of the grouped sets of signal peaks SP;, SP;,
SP; as determined by the equiphase space-time map generator 20, where the components of
each injected sample plug have a common vertex V by virtue of being time and/or spatially
separated in the space-time dimension. All of the sample components injected in a single

* sample plug are uniquely identified by a single vertex V in space-time co-ordinates, thus
allowing for the identification of the sample components from each of a plurality of
separately-provided sample plugs. Figure 5 illustrates the vertex V as determined from the
generated space-time map M. This space-time map includes only a singlé vertex V as all of

the components were provided in a single sample plug.

By using each vertex V as a constraint to extract the velocity spectrum of the sample
components, the resolution is approximately proportional to Vn, where n is the number of
components. In this way, the velocity of one component is calculated using the velocities of

all of the other components from the same sample plug, and thus, as the number of



By using each vertex V as a constraint to extract the velocity spectrum of
the sanple conponents, the resolution is approximately proportional to
fin, wheneon2/127¢ he nunber of conponents. In this way, therT/e8boei2ty of one
conponent is cal cul ated using the vell%cities of all of the other
conponents fromthe sanme sanple plug, "and thus, as the nunber of WO

02/ 12876 PCT/ GB01/ 03275 10 conponents in a sanple increases, . the

resol upion of. the \Rﬂ?@LeMﬁééa%e?ﬁE? ?e%gﬁlltitalﬁ %Pfh‘y Adlv¥is i%@&es §&f%?cﬁnglyh Sug

h
par anmeteri sation result's 1n mu e vertex rmation in-th or m of
i nt enskage paaharecieatioreghivhsesuits fpmakipiée vataxdoonaionanebe fompdhstenstyar | y
suited to the cases of nultiple  sanple injectiaons and nmultiple .Cf?l umm
DNA

le . .
cor r el §thaBFed regiOND BvRRCETImefiosordinatasigprstindarty suted tadbRrses ofratia
sanpl eg, ik 'edti%ﬁ% Hx%ﬂuﬁﬁ;ﬂ? ﬁ@lﬂ Etro%efﬁfti_oé._r %H@B&ér $PhRAcHR s bkg gt hs of

one base ‘paif difference, ereby providing sequenci ng techni que having a
gr eat | demausenattd dbondyNaAnsamplangleich krohudetlirge dletmbers afdtagorentsf(>1 6@ hasmg ces V in
t he space-ti M. hj.gh resgl uti-on of.the electrophaoresjis.data is

achi ov LRSS pf 805 e Rl ieranthe s PRI RIPTIgRECY ScaHRncRS SERIIRS IS he  sanpl e

conponghnby a&ehddduihhAliEfink® Figure 6. Use of the above-described

el ectrophoresi s apparatus to sequence DNA sanples having the base pair

termnations A, T, Gand C will now be described hereinbelow. In use, four

Sl AP SR SR NP LRy FRFHSaRRE R b

base palir te€rmnations y T H fto the

ports lectBophbthsisldatis achir@ed @Nawaig fBuaiedui@midatioand thd edddingherihé i cal |y
driven therealong. In gne node of use, the sanple plugs are introduced

si mul t SHBRIE §PPoteNEs asibugimtedindligge 610, 12 which are spatially separated
al ong the separation channel 4. In another node of use, the sanple plugs
are introduced sequentially into one of the ports 6, 8, 10; 12 so as to be
time spheefithe thevesdegneibed el8dtrofidresBdipparatus,to SéqueatesDNedsamplestmviteg thet or 16

as t hebase pag%enrcrinsmﬁ%sng AE,hE (9 grEde (Q,tvifiﬂ%ogvl bee erggrslbed hereinbelow.

In use, four sample plugs comprising DNA bands having different length and one of the
base pair terminations A, T, G and C are separately introduced into the ports 6, 8, 10, 12 of
the separation channel 4, and electrophoretically driven therealong. In one mode of use, the
sample plugs are introduced simultaneously into the ports 6, 8, 10, 12 which are spatially
separated along the separation channel 4. In another mode of use, the sample plugs are
introduced sequentially into one of the ports 6, 8, 10, 12 so as to be time spaced. The signals
S1, Sz, Ss, ..., Sy detected by the detector 16 as the DNA bands pass the detecting elements
at the detecting positions zj, z,, z3, ... , z, are collected by the data collector 18. The velocity
sorter 19 then determines the nominal velocities vy, va, Vs, ..., v, of the sample components
associated with each of the signal peaks SP;, SP;, SP3, ..., SP, of the signals Sj, Sy, S3, ..., Sq
and groups those signal peaks SP;, SP,, SP;, ..., SP, into sets according to nominal velocity.
The equiphase space-time map generator 20 then determines the local minima of the signal
peaks SP1, SPz, SPs, ..., SP, of the signals Sj, Sz, S3, ..., Sn, and generates an equiphase
space-time map M. The vertex finder 22 then identifies the vertices Va, V1, Vg, Ve of the
determined local minima for each of the grouped sets of signal peaks SP;, SP,, SPs, ..., SP,,.

In this embodiment the space-time map M includes four vertices Va, Vr, Vg, V¢ as four



at the detecting positions z1, z2, z3, ... , zn are collected by the data
collector 18. The velocity sorter 19 then determ nes the nom nal

vel ociti es0v¥128v@, v3, ..., Vv" of the sanple conponents PBEFGBIHOIRA With
each of the signal peaks SP1, SP2, SR3, ..., SPn of the signals Si, S2, S3,
, S. and groups those signal peaks SP1, SP2, SP3, ..., SPn into sets

accordlng to nom nal velocity. The equi phase space-tine nap generator 20
then deinglepbRgs wehesdpatitdly ijéttetined the hepasatmhanmaksacﬁ%;ng%bum

SPn of the signals . S1, S2, S3, ... , Sn, and er%fés aageqU|H£ase
space- 1 PRIARadshaving oyt the bisemaartenmingtions Aa i #1d ©s 1B s YaY1Higes VA, VT,
VG Vc th l,0 t of

si gnal PRsHeTlp e B FIERs 6 (il O ERER shal N AERERe TR B
map M imechidftionfvelocitieer ti ces VA, VT, VG Ve as four WD 02/ 12876

PCT/ GB01/ 03275 11 sanple pl ugs were separately injected into the
separation channel 4, each being attributable to DNA bands havi ng one of

t he ba QMY saqpl e can
be squgﬁggd{ “ﬁvsn??ﬂhﬂﬁérétpgﬁtmwhggééeﬁqwohglﬁ%lgéegle| ng bdeg{] gr]t?n%g from the
m gr at embodiglencarnd @s. beﬁnmrhﬁécym manwmlfﬂerdnemydwnhomaupaMag fionethsrseepat

i nventi n has heen e cribed in aés referred enbodi nent and can be

modi f i 8bthe iveaHN aF ? Hied by t ?%@ﬂpuﬂeparting fromthe scope of the
invention as defined by the appended cl ainms. WO 02/ 12876 PCT/ GB01/ 03275 12
CLAIM5 1. An analysis systemfor enabling determ nation of the velocities
of m grating objects, conprising an equi phase space-tinme map generator for
generating an equi phase space-tinme nap of equi phase points fromeach of a
plurality of data sets representative of the signals detected at a
plurality of spaced positions, wth the



vel ocities of the objects being determ nable by fitting the sets of
equi phase points in the space-tine map corresponding to the respective

obj ects. W&oobhessgystem of claim 11, further corrpri sing a vq:lcqud;ﬁ(y[/osp;rst er for
determning the nom nal velocities ggsociated with the signal peaks in the

signal s and grouping those signal peaks into-sets according to noninal
velocity. 3. The systemof claim1 or 2, further conprising a vertex finder
for identifying at |east one vertgxfvpgn the space-tinme map, with a single
vertex being identified for each Tgroup of objects having a conmon
constraint and the veI oci ties of the objects being determ nable fromthe

vertex a4 PErapsRanER g PaERba T R (et St nBal IR bR Do

gener at Or | $ompAsthi ﬁh”’e@lﬂpﬁé%etsﬁ@@&frﬂé Maf aeferatat ﬁnfg@ﬁeramﬁg)a@e@ﬁphasé | ocal
sl opes and deternine the ocal mnima as the m ninum absol ute | ocal

derivat i ves spae-tinhemap of eqw@hasanymtﬁfr@h&a%ofla plorality Qbéatepss t he space-tine
nmap generat or ure t t in
s%n%ggg'%f rggglts%géég{ed éﬂ)trzﬁﬂg o?gﬁa% d bﬁﬁ' o gﬁ@

generating t¥&° n ectric

current var ivalotiies oﬁtheﬂbfec%){ﬁtr@’ﬂe@émﬁxh@nm;ﬁﬁttmehesam cbﬁmluqﬂfaseammtsnm S
according to the function t. Jlo/l(t i.n the range of 0 to t, where t

i s the measthec@acs-Hame map qosreﬁmd&grtroéh% @QPQCPN%O JegtSi s t he nmeasured current
and lo is the reference current. WO 02/12876 PCT/ GB01/ 03275 13 7. The
system of any -of clains 1 to 6, wherein the objects are non-I|abelled

obj ect 8. 8Th&'h§5temsxfe}mmﬂ ﬁngheof:ompxasmga Qelbmtﬁsortm&rsianertﬂmngﬂ}eects are

| abel | ed obj ects Jhe s ste of cI

obj ects are nﬂ{néﬂa%lffg Citigs 855 ﬁlatg ﬂhtglﬁ Signal pea s n the 81gnals ang\’groupmg those

signal peaks into sets according to nominal velocity.

3. The system of claim 1 or 2, further comprising a vertex finder for identifying at least
one vertex from the space-time map, with a single vertex being identified for each
group of objects having a common constraint and the velocities of the objects being

. determinable from the sets of equiphase points in the space-time map as fitted by the

respective vertex.

4. The system of any of claims 1 to 3, wherein the space-time map generator is
configured to transform each data set into a set of local slopes and determine the

local minima as the minimum absolute local derivatives.

5. The system of any of claims 1 to 4, wherein the space-time map generator is
configured to utilise a corrected time component in generating the space-time map

according to a function of the electric current variation.

6. The system of claim 5, wherein the correction is according to the function t. =
[T/1()dt” in the range of 0 to t, where t is the measured time, t. is the corrected time,

1 is the measured current and Io is the reference current.



10. The systemof claim9, wherein the channel conprises a separation
channel through which the objects are el ectrophoretically driven. 11. The
syst em of wayys/18876cl ains | to 10, wherein the objects conpric@gceamBeBENt S
from one sanple. 12. The systemof any of clains 1 to 10, wherein the

obj ects conprise conponents from a p1 rality of separate sanples. 13. The
systemof any of clains 1 to 12, wherein the objects conprise nol ecul ar

conmponent s The ste of a f clai .to 13, I ej he, obj ects
conpri de poﬂi}}?é}’?tﬁm Oié P%‘Sg “ﬂ}?@elgﬁqﬁ?fgﬁ ar&né)\ﬁg?tiej!e@\ﬁ%be?cesi n the
conponents conpri se DNA bands 16. A method of enabling determ nation of
the velocities of mgrating objects, conprising the steps of determ ning
equi phdse pdihetsystemeanyef elrignnl t@akiEreh teeaieds anetiebelied whiestsdet ect ed at

a plurality of spaced positions; and generating an equi phase space-tine map
of the equi phase points, with the velocities of the objects being

det er mgnabl eni@xyitbmtdfragybhaaﬁﬁnt@@ @melah@es ééms BleSmighatbdehropgice- time nmap
correspondi (r;% to the respective objects. /12876 PCT/ GB01/ 03275 14 17.
The et hod afiehi m 16, further. conprising the steps of determning the
nom nal velocities associated with the signal peaks*in the signals and
groupi ng those signal & peaks into sets according to nom nal velocity. 18.
The netllood OfheGlystemncE@laim 9] Whefdin fH&QihaﬁM‘ﬁﬁlh{Shm atseparatiep chdnnelbtarduighyi ng at

| east one vertex fromthe space-ti map, wth a single vertex being
i dentified PYHCRHERLECHAEE electrophoretlcally driven.

11.  The system of any of claims 1 to 10, wherein the objects comprise components from
one sample.
12. The system of any of claims 1 to 10, wherein the objects comprise components from

a plurality of separate samples.

13.  The system of any of claims 1 to 12, wherein the objects comprise molecular

components.

14.  The system of any of claims 1 to 13, wherein the objects comprise polymeric

components.
15.  The system of claim 14, wherein the components comprise DNA bands.

16. A method of enabling determination of the velocities of migrating objects,
comprising the steps of:
determining equiphase points from the signal peaks of each of the signals detected at
a plurality of spabed positions; and
generating an equiphase space-time map of the equiphase points, with the velocities
of the objects being determinable by fitting the sets of equiphase points in the space-

time map corresponding to the respective objects.



of objects having a comon constraint and the velocities of the objects
being determ nable fromthe sets of equi phase points in the space-tinme mp
as fittedweyolihgs respective vertex. 19. The net hod of any@fggdiaizss 16 to
18, wherein the equi phase points are ]Ei4et ermned by transform ng each data
set into a set of local slopes and determning the local mnim as the

m ni mum absol ute | ocal derivatives. 20. The nethod of any of clains 16 to
19, wherein a tinme conponent corrected according to a function of the
electric current variation is utilised in generating the space-tinme nap.
21. Thd7met Mhd methad &fi alaiaD] 6, ilnehiee icompfising thie @efsi cidetedmaris®idindghing t he
function tc = Jl o/lét.‘é%t', in the range, of O,to t, where t is the neasured
time, t. isVEREtiEdRIsREREY Yithibe signal peaknin the signplsand groupns taer signal s t he
reference ¢ : . : .of clainms 16 to 21, wherein the
obj ects ar egﬁ%ﬁ?{ltgb% lagggﬁb@%9§$l%§§l%% met hod of any of clainms 16 to
21, wherein the objects are | abelled objects. 24. The nethod of any of

clainms .16 tq,23, wherein the ogjects are m.grated through a channel. WO
ool 12678 poTredisesAdm [ onl, Hibier sompnnin SpRpSReTneat eptDe harmel
conpri ses ayeRbafrahitRe e i 166

el ectrophor gti cal | tqr isl\%gggl 26r.na#hmelwrrgtgﬁ%% ‘%?eggging?a%ﬁgl??m%%gd% grogg,

wher ei n t he obphiews Saviogprdosmagmetrant and the vetooities shihelobjecBeinhe net hod of
any of clai 1 erein the objects.conprise.conponents ,froma

o ral i Ly oeetRpedun el oFogbeR sRith G PRy TOF TP AR Ao BY EF 27

wher ei n t her@b¢ttivesestexipri se nol ecul ar

19.  The method of any of claims 16 to 18, wherein the equiphase points are determined
by transforming each data set into a set of local slopes and determining the local

minima as the minimum absolute local derivatives.

20.  The method of any of claims 16 to 19, wherein a time component corrected
according to a function of the electric current variation is utilised in generating the
space-time map.

21.  The method of claim 20, wherein the correction is according to the function t. =
[To/1(t")dt’ in the range of 0 to t, where t is the measured time, t. is the corrected time,
I is the measured current and I, is the reference current.

22.  The method of any of claims 16 to 21, wherein the objects are non-labelled objects. -

23.  The method of any of claims 16 to 21, wherein the objects are labelled objects.

24, The method of any of claims 16 to 23, wherein the objects are migrated through a

channel.



conponents. 29. The nmethod of any of clains 16 to 28, wherein the objects
conprise polyneric conponents. 30. The nethod of claim 29, wherein the
conmponent oc@RNpsicse DNA bands. 31. An el ectrophoresi s appamated/oznsl udi ng
the systemof any of clainms 1 to 15. 132 An anal ysis system for enabling
determ nation of the velocities of m'grating objects substantially as
her ei nbef ore described with reference to the acconpanying draw ngs. 33. A

met hod gf eRgp Ll dd&tc@%mf N8LHRRR hecﬂgnn\é?%:ﬁrﬁbﬁée%sas% i @ldRg obj ects

subst anti al 'y as herein escri eren 0 the acconpanyi ng
draw ngs. through which the objects are electrophoretically driven.

26.  The method of any of claims 16 to 25, wherein the objects comprise components

from one sample.

27.  The method of any of claims 16 to 25, wherein the objects comprise components

from a plurality of separate samples.

28.  The method of any of claims 16 to 27, wherein the objects comprise molecular

components.

29.  The method of any of claims 16 to 28, wherein the objects comprise polymeric

components.

30.  The method of claim 29, wherein the components comprise DNA bands.

31.  An electrophoresis apparatus including the system of any of claims 1 to 15.

32.  An analysis system for enabling determination of the velocities of migrating objects
substantially as hereinbefore described with reference to the accompanying
drawings.

33. A method of enabling determination of the velocities of migrating objects

substantially as hereinbefore described with reference to the accompanying

drawings.



