WO 02/ 13122 PCT/ GB01/03286 1 SYSTEM AND METHOD The present invention
relates to a systemfor and nethod of characterising, in particular
sequenci v opadiyneri ¢ sanples, in particular, but not excPOpiGBel/§328@s
measured el ectrophoretically. The techni que of the present invention is
the M TSOIM characterisation techni que. El ectrophoretic separation
techni ques are separation techniques in which the conponents of a sanple
plug are separated in a separation colum by the differences in the

mgration rates of those sanYSTE iy he application of an

electric field thereal ong, where absorption, fluoroescence,
el ectrochem stry, conductivity, radioactivity and mass spectronetry can be

al | usedridpdehehivehtith 1212816 QRPAER biCardGRANSI b harddyeriiy, B pafricalal €, DNA
sanpl es are commonly characterised by Sanger sequencing. Wil st Sanger

sequenci seguénsingn pelymetin sumples, timparticelan ibyteoti exclupinelyees measuredunber of _
respect sy ot | 6ashipeatss | e A Bands baye toghakpgehl ed according io

base pai present Tnvention to provide an

i mpr ovedcipysteimdartedidqueet hod of characterising, in particular
sequenci ng, polyneric sanples, such as DNA sanples, which can be used with

both | abell ed and non-| abel |l ed sanpl e conponents. Accordingly, the present

| nventi og Bl S.AGS sé%a%yé&net@mn%ueg Q?ers%garg{i&ﬂeeﬂmq&é} iw}ﬁémg bmpSfAenci ng,
pol ynmeri'c Sanples, conprising: a space-tine nap generator for Beneratl ng a
space- t i ofta smmploplup aredepamntediie 8 efaddtionecobimit bethei diffelengesak theahigsitignal s

detected at plurality of spaced posjtions.as .passed the m grating
ComonerEees et thebh inele FYpParenEapiie 300l GUgh ot Pdbctan HpI L e ges HRe o

vertex fiﬂgggﬁioB,Qﬂu(ﬁ@é_’s@éﬂcE,Yé1&Qro\éﬁ&ﬁfsﬁ'g,scofnaﬁ’éﬂvﬁ@,eradﬁﬂéﬁﬁtyx driEma_p, with a
single vertex being identified for the conponénts of each
spectrometry can be all used to detect the electrophoretic separation.

By way of example, DNA samples are commonly characterised by Sanger sequencing.
Whilst Sanger sequencing is in common use, the technique is limited in a number of -
respects, not least because the DNA bands have to be labelled according to base pair

termination.

It is an aim of the present invention to provide an improved system for and method of
characterising, in particular sequencing, polymeric samples, such as DNA samples, which

can be used with both labelled and non-labelled sample components.

Accordingly, the present invention provides a system for characterising, in particular
sequencing, polymeric samples, comprising: a space-time map generator for generating a
space-time map of points representative of the signal peaks of signals detected at a
plurality of spaced positions as passed by the migrating components of a plurality of
separately-provided sample plugs; and a vertex finder for identifying vertices from the
space-time map, with a single vertex being identified for the components of each
separately-provided sample plug and the velocities of the sample components being

determinable from the points in the space-time map.



separatel y-provi ded sanple plug and the velocities of the sanple conponents
being determ nable fromthe points in the space-tinme map. WO 02/13122

PCT/ GBO1MG3286122 Preferably, the system further conpri seBCHGBel/aR286 y
sorter for determ ning the nom nal velocities associated with the signal
peaks in the signals and grouping thos: signal peaks into sets according
to nom nal velocity. Preferably, the space-tinme map generator is configured

to utilise a corrected time conponent: in generating the space-time map
accor di rRyefembly, thesysieonfugther ¢ranprises & velocigusarten for dgisFmiing e nogrigal

preferably, .the carrection is according t i Toma] Odabt ') dt’
in the rvﬁ%&&l%@sﬁmf% ith g\}‘?&%‘a Pf4 Sl”hg'e H gélgggég{bﬁhg%% 6& % tﬁééa corrected
tinme, | ihi deheichBramgtedomital dlbcignd 10 is the reference current.
Preferably, the space-tine map generator is an equi phase space-tinme nmap

generator for generating an equi phase space-tine map of equi phase points.

More preferably, 201U - 1. Lsq ganfigured to
transf o?éﬁeéeéa(w t#aﬁgcggwe%ﬁg?%@?ﬁg%b@g% Hgﬁgggi@g%edéi% @??ﬂ ne the | ocal
M ni M aGnipgd@en inighumatidpstht spaze-timembp devordiag to/efinction oftde elebisii aveient t he
conponents, are non-1| abelled. In another enbodi nent” the conponents are

| abel | edvariapp®f er abl y, the conponents are migrated through a channel. Mre
preferably, the channel conprises a separation channel through which the
conponents are el ectrophoretically driven. Preferahly, the sanple plugs

r espect i Mete/prefenghly, ske @iectiom issacherdingoshefunttiante =nhdft ot in the rapgs okl i ons.

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

is the reference current.

Preferably, the space-time map generator is an equiphase space-time map generator for

generating an equiphase space-time map of equiphase points.

More preferably, the equiphase 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.

In one embodiment the components are non-labelled.

In another embodiment the components are labelled.

Preferably, the components are migrated through a channel.

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

components are electrophoretically driven.

Preferably, the sample plugs respectively comprise DNA bands having one of the base pair

terminations.



WO 02/ 13122 PCT/ GB01/ 03286 3 The present invention also extends to an

el ectrophoresi s apparatus including the above- described system' The
present iw@eniilen al so provides a nethod of characterisi nBCT/GBOped28é cul ar
sequenci ng, polyneric sanples, conprising the steps of. generating a
space-tinme map of points representatiye of the signal peaks of signals
detected at a plurality of spaced positions as passed by the mgrating
conponents of a plurality of separately-provided sanple plugs; and

i dent i f yTingpresant inyestid aisn ¢xtiendspaer electrephosgsis apparhtua indluding theeabors- bei ng

i dent’i fi@d f.or tthe .conmponents of each separately-provided sanple plug and
the vel ot§Fi%d ¥FFhe sample components being determinabl e fromthe points
in the space-tinme map. Preferably, the method further conprises the steps
of determ ning the nomnal velocities associated with the signal peaks in
t he si gnBheprasait frveuipemasa proviles h greshodrfakearactsrigngdn artedas sequencing, noni nal

vel ocity, ]Prrngrf.era{anlg}hgs ] ti.me gl%rg?one t corr.ected Ca_glcordi ng, to. a function of
the el eck?7ELurdent> VEPIEPS P §EE ngﬁsﬁaeﬁ r’%‘iF‘ﬁB tflq Space-tine
map. Mrgppisedtetividfiihe $ifal peilsastsig@alsideteated af 8iphgalitp of Bgackd pesiiion dsc =
Jio/1(t")dt' in the range of O to t, where t Is the neasured tine, tc is

t he cor rassesdbyt thegnigiating componsatssefracpiurlity drvepapiglyrrovided spaplegiugsence -

current 'arﬁriﬂgﬁf@ggwerﬂc'a?lﬁé?ﬁﬁgE}}t{}:@ﬁ'{rﬁ%ﬂg. Swi aSiﬂg‘lie%ﬁ%‘?béiﬂ’xg(i@énftih@&f&ﬁp of

equi phase polrnts. “More p era ul phase”points ar eterm ned by
t r ansf or thiergmeandntsief eacls edpararelp-paovidet sanfpld plogland thepetocitiet afebesampie ng t he
derivatives. In one enbodi nent

| ocal m nina as the njni num absol ute | ocal
t he conpmmértbgmﬁg‘?tqnaﬁ’gbﬁefg‘?m thepoipis ithihe SBHSIINGHERP t he conponents are
| abel | ed. , ,
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, a time component corrected according to a function of the electric current

variation is utilised in generating the space-time map.

More preferably, the correction is according to the function t. = [Ip/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 Ip
is the reference current.

Preferably, the space-time map is an equiphase space-time map of equiphase points.

More preferably, 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.

In one embodiment the components are non-labelled.

In another embodiment the components are labelled.



WO 02/13122 PCT/ GB01/ 03286 4 Preferably, the conponents are m grated

t hrough a channel. More preferably, the channel conprises a separation
channel tWoough2whi ch the conponents are el ectrophoreti ceCTAEBOUOI2Z8@N. | N
one enbodi nent the sanple plugs are provided at spaced. tine intervals. 1In
anot her enbodi nent the sanple plugs aré provided at spaced positions.
Preferably, the sanple plugs are provided at substantially the sane tine.
Preferably, the sanple plugs respectively conprise DNA bands havi ng one of
the base pair termnations. A preferred enbodi nent of the present

inventio il scribed herejnbel ow by ; way of exanple only with
referencgre?neoral{)lﬁ’gt%av(%g@ 'ﬁeﬁ’& ?{Snagré\/ﬁdﬁb@}l&’ Fi\é\b\%‘l\ﬁglr‘li Figure 1 illustrates the

detector chip of an el ectrophoresis apparatus in accordance with a
preferred enbodi nent of the present invention, Fiqure 2 j|llustrates the
anal ysi s Moye pesisrefily . the chagisat eqmigrises a pengeation chammelfireugh whichéher ates a
t hr ee-di e, ﬁ&rféﬂﬁlaréﬁg&ﬁﬁﬁm%}&{cﬁﬁ lg?\f/ of he intensity-tine signals of one
conponent of a Sanple pl'ug as e?ec ed at positions z1, z2, z3 spaced al ong
the separation channel of the apparatus of Figure 1; Figure 4 illustrates
the intensity-time signals of fhree conmponents qf a sanple plug as
det ect ed?’h?“ep%’%l?qdilﬁ?fgqg‘?ﬁanﬂ’i? PQ’ES §’ﬁd%%ggﬁ1 HrigageddimeWis ¥l on channel of the
apparatus of Figure 1; WO 02/13122 PCT/ GB01/03286 5 Figure 5 illustrates
a space-tine map as generated fromthe intensity-time signals of Figure 4;
In another embodiment the sample plugs are provided at spaced positions.

Preferably, the sample plugs are provided at substantially the same time.

Preferably, the sample plugs respectively comprise DNA bands having one of the base pair

terminations.

A preferred embodiment of the present invention will now be described hereinbelow by

" way of example only with reference to the accompanying drawings, in which:

Figure 1 illustrates the detector chip of an electrophoresis apparatus in accordance with a

preferred embodiment of the present invention;
Figure 2 illustrates the analysis system of the apparatus of Figure 1;

Figure 3 illustrates a three-dimensional representation of the intensity-time signals of one
component of a sample plug as detected at positions z;, 23, 3 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 z, z, z3 spaced along the separation channel of the apparatus of

Figure 1;



Figure 6 illustrates the velocity spectrumas determ ned fromthe vertexed
space-tine map of Figure 5; and Figure 7 illustrates a space-tine nap as
gener at eswépymithe intensity-tinme signals fromfour separ@r/eBytinpect ed
DNA sanpl e plugs conprising DNA bands having different base pair
terminations. Figures 1 and 2 illustra?e an el ectrophoresis apparatus in
accordance with a preferred enbodinent of the present invention. The

el ectrophoresi s apparatus includes a detector chip 2 as nicro{agkicated in
a subst r Bigare LiHusrateh@ space-4imel an as sopetetad from the migstuchmg stgnals L ELEHe on
signals generated by the detector chip 2. The detector chip 2 includes a
separati on channel 4, in this enbodi nent a neandering, gel- filled channel,
t hrough whi ch the conponents of one or nore sanple plugs are in use driven

by an applied gl ectrophoretjc voltage., The separation channel 4 has a

| engt h Bignra G llsirates g velgi g SRFSFTHT A5 rdetsrming %%%H%V§HF§5JS%P3'E%B{“€%| e
plugs. Pyefierab.yngthe separation channel 4 has a width of from25 to 100
pmand a l'efigth’of from20 to 300 nm The separation channel 4 includes a
plurality, in this enbodinent first to fourth, spaced sanple-injection

ports 6,8, 12 through which sanple gs dncluding a pluralit f
conpone n)t:"sg?rellﬂﬂ huftrates, ﬁﬁ%%ieﬁ‘g?ﬁ MPRRS %%’ﬁ%gdn%@'?‘ r’ifbe Wﬁeélsﬁ%'gﬂj&ﬁgvglt@s’ é‘o%ai r

t er m nat i@astelPinjdoteSDNW sfmpld pRigs eBRApAsiAE DN A besdsathvingtdiffedest theppsiat i on
channel 4. The detector chip 2 further includes a |light source 14, in this
enbodi netermmatiRns. i ght source, disposed along a | ength of one side of the
separation channel 4, and a detector 16 disposed along the Iength of the
ot her side of the separation channel 4 to detect light transmtted through

t he sepaFighiednl aharméllusératenid Rlectiephpreste apgaraths tif ecodrdamiei with \WOpRPéridil 22

PCT/ GB01/ 03286 ) )
embodiment of the present invention.

The electrophoresis apparatus includes a detector chip 2 as microfabricated in a substrate
chip, and an analysis system 3 for analysing the detection signals generated by the detector

chip 2.

The detector chip 2 includes a separation channel 4, in this embodiment a meandering, gel-
filled channel, through which the components of one or more sample plugs are in use
driven by an applied electrophoretic voltage. The separation channel 4 has a length
sufficient to allow separation of the components of the sample plugs. Preferably, the
separation channel 4 has a width of from 25 to 100 um and a length of from 20 to 300 mm.
The separation channel 4 includes a plurality, in this embodiment first to fourth, spaced
sample-injection ports 6, 8, 10, 12 through which sample plugs including a plurality of
components, in this embodiment DNA bands having the respective base pair terminations

A, T, G and C, are separately injected into the separation channel 4.

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



conponents being detected by the change in the detected light intensity as
caused by absorbtion of the incident |light. By detecting the sanple
conmponentwO b1kt s manner, the sanple conponents need noPCTVEeBessR8é |y be

| abell ed. In this enbodi nent the detector 16 conprises a pixel detector
array (PDA) which includes a pluralitysof pixels providing detecting

el ements for detecting the transmtted light at a plurality of positions
z1, z2, z3 spaced along the length of the separation channel 4 and

out put t i cegnpenptsbein tdyteofed by gheatmngs in thSQetthgd lightrinteasity asfcawred ®¥i pti on, the

detector /16 i.sS | ustr IudJn nr detect]| t three
posi t i ondsgrption o1 hfénmal‘f“?&hgﬁt é%@ nmi%g?rggodtgat@q%gﬁi %EF’Bérra%‘ ice the
det ect org Jn? &&iﬁgﬁdn%ﬁﬁ n@e@hbtﬁfélzésfséf mzﬁ)e%%ﬂﬁd | thRlegiP@bingen@theadepdctaralsi ty of
positions , each outgut a signal S1., S2, S3,

. Sncomprisena atmbd&teﬁtolt/@@r(ﬁbm) eieh inpladesie plsealiy ofi ixels arayidiag pr ovi ded

Py 2 oL AR PR BBl B SR LR bR BrafBiath 09 4 oo

used, SUgAcetSalsmdMible Ser@H1BOIME @é@ratmlomdmm khdoupaniagta ;ﬂmrah@djfmgnhis\ﬂe
| abel s, which labels would be detected Q)f(l t he det ectg.r 16. The anal ysis
u

syst em 35z SmpForease af draetaption thedetsetor d oiilluptaaied 35 ingluding theg Aglecting "2 s3
generate d [ S data
gener at o ik B RRKRR: 107208 BLANL RABRSE TAAARLS il ieichas ot
v3 of theete@asrpléecommmemephﬁalxtﬁsﬁdmecatrgcélemdﬂns aeaqﬂurcahtytdf@oslttgmazl, peaks SP1,

SP2, SP3 of each of .the signal nd ose gnhal peaks
SP1, SP2;-.&RIVH &igacgé)[ugplg@ ]|S$1 (§3=nom mat® arl% #‘&ee 5 oot %‘ﬁase
space- i R8P ISR eéﬁ] v%i%dfbstrap@@raﬁty%fl @@ deRoR SR pRRRARR hi Me map of

equi phase pol nts fromthe sighal peaks SP1, SP2, SP3 of the signals S1, S2,
S3, and éete@mg@icmdnlt nBeanozlierfabq:matds@rﬂrnﬁqdﬂmqﬁtlﬁ@llwéﬁztmléléfxo@t)mtelﬁés @yld phase

L S e g T T A R

to the epgyilphashl sddtectéd betherlBiegp@cat or 20. In alternative enbodi ments
the velocity sorter 19 could be provided so as to be operable after the

space-time map '
The analysis system 3 comprises a data collector 18 for receiving the signals S,, Sz, S;
generated by the detector 16 and storing those signals Sy, Sz, S3 as data sets, a velocity
sorter 19 for determining the nominal velocities vi, vz, v3 of the sample components
associated with each of the signal peaks SP;, SP2, SP; of each of the signals Sj, S;, S3 and

. grouping those signal peaks SP;, SP,, SP; into sets according to nominal velocity, an

equiphase space-time map generator 20 for generating an equiphase space-time map of
equiphase points from the signal peaks SP;, SP2, SP3 of the signals Si, S, S3, and ztvertex
finder 22 for identifying the vertices of the equiphase points of the grouped sets of signal
peaks SPi, SP», SPs. In this embodiment the velocity sorter 19 is provided so as to be
operable prior to the equiphase space-time map generator 20. In alternative embodiments
the velocity sorter 19 could be provided so as to be operable after the space-time map

generator 20 or the vertex finder 22.

Figure 3 is included for the purposes of illustration only and illustrates the signals Si, S,
S3 as including only a single peak SP; from a single component of a single sample plug. In

reality, however, the signals S;, S,, S3 each include a plurality of signal peaks SPy.n, SP1.n,



generator 20 or the vertex finder 22. Figure 3 is included for the purposes
of illustration only and illustrates the signals Si, S2, S3 as including
only a siwgbziyenk SP1 from a single conponent of a singlRCE&Bpl/es28é ug. | n
reality, however, the signals S1, S2, S3 each include a plurality of signal
peaks SP1_n, SP1_n, WD 02/13122 PCT/ GB01/03286 7 SP1 r,. Figure 4
illustrates the signals S1, S2, S3 as including three signal peaks SP1,

S..P?, SP3 fromthree conponents of a single sanple plug. The velocity
sorter ks tgblﬁffﬁg‘&w@ateﬁﬁlecf@e}srﬁm&,tsmesmmdﬁwthrﬁélmlp@ksslh, SP2, v3 of

t he sarggj et\r %?{f?ﬁgwﬁjogggﬁgggggggf%ge @ﬁg.h of the signal peaks SPla SP2,

SP3 in ead then group those signal peaks
SP1, SP2, SP3 into sets according to nom nal velocity. The nom nal
vel ocities v v3 can be cal cul ated as the 05|t|ons z1l, z2 z3 of the

det ect or] h@l‘@lﬂ?ﬁﬁ’ SOHFR1 G i capfiges torfletemigesibe nPinl*ﬁ@ velpeitigsyis ¥nvaBl Bef r om t he
si gnal s sa§1 Dle ppo%%nts‘ﬁ&%ﬁtetd% H"é)a%h%?kl‘gﬁiér&gbédlég&,@h%@ﬁﬁ%ﬁ&?éﬁﬂe as vi, =

z1l n/t. By grouping the si gna peaks Into sets according to
nomi nal sw@]lalsoﬁ'lt ijz, Samdd H@mgeo@atthﬂeesgrmbpmscsm,,SPQMques&ts apalingite i s

facilitat ed gon n S .associ ated wi tﬁ QPE i n&ée co onent can
be fi tté‘(?W 8 ltyejﬁlﬁ“ Hal Kelogites W Ve IrpiERe ulated 3 tpPB‘HO $8eFni ques.

Vel oci t y;, $PtHel dafctdt RGPS HREH Qﬁ/d e rela?@éd #i186 t %Qx%@éﬁﬁ%%m R&igant ent  of
which is incorporated herein by referen The equi phase space-tinme map

gener at on, 20 Ss,gvlmmfhegmmmal tveloditics can beextiiressedanyi-u hidfta Byf grovpiag shegnal
peaks SP als Sl1, .S2 S3d ted,at the detection
osi L1 ortlzngfbeats 3P P38t A Befordine s il SEREE i Rendsimblé e

di mensi @admpbhaty) subsedqiiehtednaiysids facRakd B tHeMta foift hssobiated| it éadhes t he
space-tinme map M generated fromthe local mnima extracted fromthe signal

peaks SFSEmp@F"?mPE‘}PSmcﬁantbﬁ@t@d gridipyt reuiriag thegase qf gomplex daixdestion each
el ect r opbghARe@MViefochy EHhE i & doiPhle® by Bhr HrlitOF)-o5 SRS the Whileht of

which is incorporated herein by reference.

The equiphase space-time map generator 20 is configured to determine the local minima of
the signal peaks SP;, SP;, SP; in the signals S;, S,, S; detected at the detection positions z;,
Zz, z3 and generate an equiphase map M in space-time dimensions from the determined
local minima. Figure 5 illustrates the space-time map M generated from the local minima

extracted from the signal peaks SP;, SP,, SP; of the signals Sy, Sz, Ss.

In this embodiment each electropherogram is transformed into a set of local slopes, where
a triangular slope sequence defines a signal and the local extreme is the minimum absolute

local derivative.

Also, in this embodiment the time component of the detected signals S;, Sz, S3 is corrected
as a function of the integrated electric current variation. Owing to the variation of various
factors in electrophoretic detection, the temperature being one of the most significant, the
characteristics of the separation medium, in this embodiment 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,



a triangul ar sl ope sequence defines a signal and the | ocal extrenme is the
m ni nrum absol ute |ocal derivative. Also, in this enbodinent the tine
conmponentwoD2/1t1e2 det ected signals Si, S2, S3 is correctedPCrsBa/b28€Ct i on of
the integrated electric current variation. OMng to the variation of
various factors in electrophoretic degection, the tenperature being one of
the nost significant, the characteristics of the separation nmedium in
this enbodinment a gel, are altered. Firstly, the resistivity of the gel
changes,tht eding@promeriasrdfad gehshanget dffectiog ehetmetilityi odftley eleeieopberasedn t he

el ectrodes and a given.paint, in the gel d.fluctuations.in the.electric
cur r ent . COSIRBFHPy BY\RSH f@%ﬂfzeq?&@r? %%W:%E‘i%%’e cgmpﬂréengloimeﬁagﬁ-tgﬁér“ es of
the gel GRANPE B dffelkled s SABUTBREIbEYWOSpeEificAllyS Ble thRd oo RpaEnt BONPONENt s.
By nonitoring the electric current, the tine conponent of the space-tine
map M casurbed asorfusctiadofdbe mitdgraed elaetrigicntyettonia@peci fically, the time
conponent is curved as a function of the integrated electric current
variation. The velocity of a sanple conmponent is: v = dz/dt (1) For a

t r ansf or g vasciff oftaheniphacodiReledtiiffe conponent to a corrected tine component

t tO, it follows that dt ---> dtc and v - v.. Thus: vr/v = dt/dt0 (2) The
transformation v - * vc can be defined as: vO/v =1(t)/10 (3) where | is

t he neasured gursent and lo ‘;12 the reference current which corresponds to
the franme where all velocities and tinme conponents are projected. From
equations (2) and (3), it follows: dt,: =1o/I(t)dt tc = Jlo/I(t")dt" for O
tot (4) “

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

1., it follows that dt — dt; and v — v;. Thus:
v/v = dt/dt. : ()

The transformation v — v, can be defined as:
ve/v =1(t)/To 3)

where I is the measured current and I, is the reference current which corresponds to the

frame where all velocities and time components are projected.
From equations (2) and (3), it follows:
dte = To/I(t)dt — to = [To/I(t")dt’ for O to t 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 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 justification for the velocity transformation (3) is that the velocity
I s approximtely proportional to the applied electric field, which in turn
is propowoonadizzo the electric current in the separati orCTieBaned28¢l. Thi s
correction factor has been found to work well for small current changes,
with the integral of equation (4) prowding for an accurate tine
transformation. WO 02/13122 PCT/ GB01/03286 9 The vertex finder 22 is
configured, in this enbodiment by the use of rotational nmatrices, to

i dent i f yTheheerter findercs2? i corfiguned, éwthiperalsalipentrityshe fiset dferotptiony exhtgedsstoof

dent | } ; > o e
o one o e nco e ss e popts e o pe Rk e sSBESE T T
common _vmtagﬂet\énmﬁeabpt&hblequ;phtaﬁeeébgg&ngf}% r@%ggpe%rat&%s WBblethe 8RApdHead i N the

space-tinme di nension. onents Injected in a single

sanpl e pifiegclaingectad opleplugiband 4 canmby verted Vigl erirer ¢fdbeing time spdloe-t i ne co-
ordi nat es, .tlpus al J[ngm A for the identifi g;t#.@n of 1t he sanpl e. conpanent s
fr om eackeifIvserrtrdan i space-dmg dimensiap. (HEG e sormel SPmBGPRBT R Pe 5

| ['] ust r af §8glk BanMepl@XarY ufiguelYei&itificd 8¢ afsindie VdtRxOe ieimatetdntrace- ti me nap
M This space-tinme map includes only a” single vertex V as all of the
conponerfrdingies.dhyy Plovdeg far thesidentifigasion affhiesamplegonppners fgmeeseh ofert ex V as
a constrgi nt. ] QCiLty spectr onponent s,

t he resoq%ljtalh%&iss&ép%&)&'%tr)r@? %%m%l? pudgrst ?%é%%lgjs%{%?%e%e%\{% t he nunber
of  conpdzpeniised flom tie genv@led sphee-tRk aeiptM. Thisapecestimnp amprincludescalcal at ed
using the velocities of all of the other copponents fromthe sane sanple
pl ug, aringleyertex¥ as H]éoﬁ@ﬁﬁ@mpﬁﬁem%Wﬁ‘iﬁdﬁéﬁgé‘m?‘rﬁ angle syPRleiplig eases, the
resolution of the analysis increases accordingly. Such space
paramneterisation which results in nultiple vertex formation in the form of
i nt ensi tBy esihaeacbdrerteyiVorss: donstsgnaicte-exirae tiovedodiiyrspeasum of gwrsainplel ar | y
suited to the

corr el atqom_onﬁ%%@%{é%luggy {sHp lq%cgg%tg'ﬁllcﬁg]i)on&igga itcg) Qg, v%'eqe rerls Ehie%lu?nb(ép LP m
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
components in a sample increases, the resolution of the analysis increases accordingly.
Such space parameterisation which results in multiple vertex formation in the form of
intensity enhanced regions in space-time co-ordinates is particularly suited to the cases of
multiple sample injections and multiple column correlation. The power of this technique
has been demonstrated on DNA samples which include large numbers of fragments (>100)

having lengths of one base pair difference, thereby providing a sequencing technique

having a greatly extended dynamic range.

From the determination of the vertices V in the space-time map M, high resolution of the
electrophoresis data is achieved, allowing accurate determination of the velocities of the

sample components as illustrated in Figure 6.

Use of the above-described electrobhoresis apparatus to sequence DNA samples having the

base pair terminations A, T, G and C will now be described hereinbelow.



has been denonstrated on DNA sanples which include | arge nunbers of
fragnments (>100) having | engths of one base pair difference, thereby

provi di ngv@oyzexjeenci ng techni que having a greatly extendedT/dpnam286 r ange.
Fromthe determ nation of the vertices Vin the space-tine map M high
resolution of the electrophoresis datjg is achieved, allow ng accurate
determ nation of the velocities of the sanple conponents as illustrated in
Figure 6. Use of the above-described el ectrophoresis apparatus to sequence

DNA sanplnagefoui sagipldiplugh aspiishg DINSK Bﬁrﬂi@%h@i‘ﬂ% dffferdnt lengR dndottd bishBowW be
descri bed herei nbel qw. WD 02/ 13122 PCT/ GBO1/ 03286 10 In use, four sanmpl e

pl ugs coPASF P& HEMBREOBRAdS, Fand fgargisenasatelytintreduged inp thepnstsde 8h0, 18afe pai r

term natj T y.dntr.o d into the parts 6, 8,

10, 12 op e ¥pefuiok et fniCeot pRAYRH ol Bh RIS e SRR s

t her eal othg sarhple phugs andiatrotiusedlaimultdieossty @ thel po@ts 638,10, N vadeirad

Si rrultaneouaby into.the pﬁrts 6,.8, 10, 12 which are  spatially separated

al ong t hPatghaseRirpise a@‘ﬂ@ﬁ g Fengration chamichdy Inerpathesmmedeof uspdhe gamnle  pl ugs

are intr i ' Aot o t ; to be
time spa@g%g.cﬁg%ﬁ%qggg\%eﬁgé%ﬁaglpté%?%gg,0 P{.he.tp%?ts %" é’dlz)t’ g%tsgas %"Sb et%]ée d%[ce(gt or 16

as the DR signissSip&s Sat.he S, deteetet bp ghead exentont 1S a3tthd DR AlBAeis thasthposi t i ons

z1, z2, . zZ' are | l.ected .by the data collector 18 he vel ocity
sorter 1%8%?%18% eﬁ&egﬁsrﬁgﬂgsdcegwnﬁ(?ﬁflﬁa S ettt aﬂ?fﬁ&ﬂed\% the Ja.t? vn
t he samiotie&oNPR MEHY el GGS 0 Rt ?dtﬂ’é‘g&d@te%%ﬁ@s e doRinal BNRIHREAS, 9P, vSP2,

SP3, . SPn of the signals S1, , Sn and groups thosé $ignal

peaks SPf thesmamplegmmanponents assaristed with sach ofitbe sigtdlmgakoSPioSPRAPsve) SRidfy. The
equi phasg, § ti map generator .20 the det e, mMpes.4 he cal m nim of
the signal %ggggl’gﬁ’lf’ Sp2t a%&g?&_zps_t, osglg}gnglfpetaﬁﬁggi,& a S51;381‘,’ E%Z‘,mo e o,
Sn, and geordingttesominad gelopitys The p@dshasé BaceBimdhap Bener@bt g tHehnder 22 then
identifies the verti qes. VA, VI, VG Vc of the determ ned |ocal mnim for
each of ines the local minima of the signal peaks SP;, SP,, SPs, ..., SP, of the signals Sy, S,

S, ..., Su, 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, ..., SPy. In this embodiment the space-time

map M includes four vertices Va, V1, Vg, V¢ as four sample plugs were separately injected

into the separation channel 4, each being attributable to DNA bands having one of the base

pair terminations A, T, G and C. In this way, the DNA sample can be sequenced, with the

lengths of the DNA bands being determined from the migration velocities.

Finally, it will be understood that the present invention has been described in its preferred
embodiment and can be modified in many different ways without departing from the scope

of the invention as defined by the appended claims.



grouped sets of signal peaks SP1, SP2, SP3, ..., SPn. In this enbodi nent
the space-tinme map Mincludes four vertices VA VI, VG Vc as four sanple
pl ugs weneosepHeately injected into the separation channeCT/GBorex2ké bei ng
attributable to DNA bands having one of the base pair termnations A, T, G
and C. In this way, the DNA sanple caE1 be sequenced, with the |[|engths of
the DNA bands being determned fromthe mgration velocities. Finally, it

wi |l be understood that the present invention has been described inits
preferred enbodiment and can be nqgj Ag® i n many different ways without
departing fromthe scope of the inventton as defined by the appended
clainms. WD 02/13122 PCT/ GB01/03286 11 CLAMS 1. A systemfor

characterising, in particul ar, sequenci ol yneri conprising: a
Space-t e b SRR SRS gEra PG R B o D P o1 nt &
representati wgnpfisiade signal peaks of signals detected at a plurality of

spaced positions as passed by the mgrating conponents of a plurality of
separatel y- propecedniegeangeacpliauder seapmting ¢ spaceximg masof peints dent i f yi ng

ti f t h =L NE i t+h i . ¢ i tified
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vel oci ti es Ofpdkffions adipdsSedfy e Aapiatin® es poridatsasfmi pharality dfrseparately- poi nt's in

t he space-tinme map. 2. The systemof claim1, further conprising a velocity
sorter for ddreyigehsampplephigs#di nal vel ocities associated with the signal

peaks in the sjgnal iverl LA PAK Sndp R s&szl@ccor di ng
to nom nal ve %egﬁ?ﬁdgpﬂlf%%g%ﬁ%\ﬁ% 5&(%?051?%1 %%o‘% 2, anf eint hxgg space-tine
map gener at orvertex beingiidentifidd for the components of each separately-provided sample plug

and the velocities of the sample components being determinable from the points in

the space-time map.

2. The system of claim 1, further comprising a velocity sorter for determining the
nominal velocities associated with the signal peaks in the signals and grouping

those signal peaks into sets according to nominal velocity.

3. The system of claim 1 or 2, 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.

4. The system of claim 3, wherein the correction is according to the function t. =
JTo/I(*)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.

5. The system of any of claims 1 to 4, wherein the space-time map generator is an
equiphase space-time map generator for generating an equiphase space-time map of

equiphase points.



utilise a corrected time conponent in generating the space-tinme map
according to a function of the electric current variation. 4. The system
of cl ai mv@p owksaeei n the correction is according to the funCT/GBN1/03286
Jio/I(t")dt' in the range of O tot, wheret is the neasured tine, t. is
the corrected tine, | is the nmeasuredpcurrent and lo is the reference
current. '5. The systemof any of clains 1 to 4, wherein the space-tine mp
generator is an equi phase space-tinme map generator for generating an

equi phasg spapR-syktdhh dRdlaife 5, VbR ARSRQuRRE $acdiind hap3deddratifp ié GBO1/ 03286
12 6. The systemof claim5,” wherein the equiphase space-tinme nap generator
i s confi gur enfipured 4o srhnsfomneeash ddte set inga a pettad lecabdopesfant detgrminedhes and
det er mi ne thei I oclalmm' nihma .as theb %@bﬁi punfnaabso{.ut e local derivatives. 7.
The syst em of O%hPiBIME psihignifimuym gbsolife jocal dSTvAtYSS onent s ar e

non-| abelled. 8. The systemof any of clains 1 to 6, wherein the
components are |abelled. 9. The systemof any of clains 1 to 8, wherein the
conponent-s arEhefiygies ernynislagns &to ehahatein tha gomponentsase son-tebelledaj m 9,
wherein the channel conprises a separation channel through which the
conponents are el ectrophoretically driven. 11. The system of any of clains
1 to 10,8.wherHEiesystem sanyl of chlitig$ té6 6swRatintRé yomperentsi aselabblfedbands havi ng
one of the base pair termnations. 12. A nethod of characterising, in
particul ar sequenci ng, polyneric sanples, conprising the steps of:

u _ ic - o o ks of
generatiqig a 'Pl{?%?%fehl Gfﬂarfmcfb.lfnmp?'u?%?wﬁ&&éﬁﬁ@@&ﬂfén‘éﬁtsoafre Bﬁ%rg% %hglﬁga s o

signals detected at a plurality of spaced positions as pa
m grating conghemaslt s of

10.  The system of claim 9, wherein the channel comprises a separation channel through

which the components are electrophoretically driven.

11.  The system of any of claims 1 to 10, wherein the sample plugs respectively

comprise DNA bands having one of the base pair terminations.

12. A method of characterising, in particular sequencing, polymeric samples,
comprising the steps of:
generating a space-time map of points representative of the signal peaks of signals
detected at a plurality of spaced positions as passed by the migrating components of
a plurality of separately-provided sample plugs; and
identvifying vertices from the space-time map, with a single vertex being identified
for the components of each separately-provided sample plug and the velocities of

the sample components being determinable from the points in the space-time map.

13.  The method of claim 12, further comprising 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.



a plurality of separately-provided sanple plugs; and identifying vertices
fromthe space-tine map, with a single vertex being identified for the
conponentwO 0f/132rh separ at el y- provi ded sanpl e pl ug and t heCweBovd28@s of

t he sanpl e conponents being determ nable fromthe points in the space-tine
map. 13. The nethod of claim 12, furt gr conprising the steps of

determ ning the nomnal velocities asSociated with the signal peaks in the
signal s and groupi ng those signal peaks into sets according to nom nal

vel oci t y.4 WO P heihdd o SHinfBP P_gﬁﬁ‘f‘éreiﬁg ihfk cobfonBRL BedcRl attplhimedsaor 13,
wherein a tinme conponent correcté accorél ng to a function of tne electric
current vari aungon of the elkétse durirent genaticat is nglisddsn gpearating tine spamgimd 5. The
met hod of claim 14, wherein the correction is according to the function tc
_ Jlo/1(t')dP®in the range of 0 tot, where t is the neasured tine, tc is
the corrected tine, | is the measured current and lo is the reference
current. 16. The nmethod of any of clains 12 to 15, wherein the space-tine
map i s af equllshasidod speleien 14, mehereip tlof casrpetipi issecqrdingtte thel functivret. et hod of

claim 16, wh i h i.ph oints arg determ,ned by .transform ng each
data set int ?ﬁ"?@e lgftﬁefq%ggﬁ g@f@pe?’%ﬁ?& '%I@teé??ﬁs?ﬁeﬂ&“}ehglf BT . as
the m ni mum aiaeIus thelmasdred elifratdahd €sis tHSrefeffedafrgad of any of clainms 12
to 17, wherein the conponents are non-1labelled. 19. The nethod of any of

clains 12 to 17, wherein the conponents' are |abelled. 20. The net hod of

5 12 | : _
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separ ati on chspacetime map of equiphase points.

17.  The method of claim 16, 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.

18.  The method of any of claims 12 to 17, wherein the components are non-labelled.

19.  The method of any of claims 12 to 17, wherein the components are labelled.

20. The method of any of claims 12 to 19, wherein the components are migrated
through a channel.

21.  The method of claim 20, wherein the channel comprises a separation channel

through which the components are electrophoretically driven.

22. The method of any of claims 12 to 21, wherein the sample plugs are provided at

spaced time intervals.

23. The method of any of claims 12 to 21, wherein the sample plugs are provided at

spaced positions.



t hrough whi ch the conponents are el ectrophoretically driven. 22. The net hod
of any of clains 12 to 21, wherein the sanple plugs are provided at spaced
time intevoar/s31223. The nethod of any of clains 12 to 21, pekeBei/os28he

sanpl e plugs are provided at spaced positions. WO 02/13122 PCT/ GB01/ 03286
14 24. The nethod of claim 23, wherein4he sanple plugs are provided
substantially.at the sane tine. 25. The nethod of any of clains 12 to 24,
wherein the sanple plugs respectively conprise DNA bands having one of the
base pai#4.t er Themaethod of clign 23rwidreintthopineple plugs apaodt et substntaling thhe
systemof any of claims 1 to 11. 27. A systemfor characterising, in
particul ar se%fﬁ?ﬁgp%g, pol yneric sanples substantially as herei nbefore
described with reference to the acconpanying draw ngs. 28. A nmethod of .
characteri si n% in particular sequencing, polyneric sanples substantially
as her ei &bef ol ke nethed iobany off daimsd2gp@dcwhereintthe saeplo ppan yespgctivehawi ngs.

comprise DNA bands having one of the base pair terminations.
26.  An electrophoresis apparatus including the system of any of claims 1to 11.

27.  Asystem for characterising, in particular sequencing, polymeric samples
substantially as hereinbefore described with reference to the accompanying

drawings.

28. A method of characterising, in particular sequencing, polymeric samples
substantially as hereinbefore described with reference to the accompanying

drawings.



