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FLOW CYTOVETRY PULSES AND APPLI CATI ONS
WEROSS4REFERENCE TO RELATED APPLI CATI ONS Thi s PCT/US2007/079761

application clains the benefit of priority under 35

USC 119(e) to United States Provisional Patent

ORPHERBNTIRTION G FI F%Wfé%@?ﬂvfﬁuE§E§9RNB”RBF>L|<§AT|0NS
: , e disclosure o rncorpora

herein by reference inits entirety. TECHNI CAL FI ELD

This invention relates in general to flow cytonetry

and i n part CROSS-REFERENGEIS CaRELAJ & APPLIEATIONS

anal yzi ng pul ses pr oduced by fl ow cytoneters.

ot S00 S caton e XAE BRLEF e vRS AR BB § 119(e) to

UrateB | Sta sl Dr'bﬁlsﬁdl{éPlF@ﬁ@Mt CfSﬂ]i%ahd)rﬁ Scfiai RBCEE/84BI000|88 September
clinical diagnostics an i munol o% protein and

29n2Q0&:i the sisaiosise &F Wi isHeeerPeraigy Nessin tyrrettregge in its entirety.
Commerci al l y-avail abl e i nstrunments range from conpl ex
| aboratory systens th ny gured for a w de
range of neasur enents&fECFmMngsrﬁglﬁgnch top 15 systens
with nore Iimted capabilities. In the current
bi offéchineéniiyn rekatestin geheral po flow ogvtoraelfrj/ and dry partieuér to
t cally increases with its neasurene reC| on_and
metiB0S Al Bep B UaaT NG iSRS ereaed by Pav Gybiriees
perform ng. Flow cytoneters are typically used to
identify and count partpacGROUNDSpPeci fic
characteristics in a fluid sanple. As used herein, the
term"particles" refers 20 to, for exanple, I|atex
sph&taws cyleaeater systemisraig ased Mﬁ@%@ﬁérﬂ%)nt guenogrganisms and in

vaﬂ@é %@@l ﬁrongrthr%%?;ﬁbhf Hw%r”fé enﬁ@?lrﬁlmlﬂg%h? E |r(1jlb I]K?&ICS and

€r ~excl ron-11g di're uore

mmimoologw pmtomtaaw hlyoléiogitﬁd déte@noammarologye and oncology
wavel en In manﬁ cases, the fl uor escent em ssi on

CO@F@S@@'?&V%'@@'%B@ HINESES Fasiges PRBIoMP ek Eharaiepnsystgips that
I

e S EO R BE 1% TR R R eRTits o RALEoft g

systetr;qa\mtrarndrbowmlteﬁmlmbdrtlesa Iip &ivet cuﬂrentcb]ote@hnobgymr;klee the

I tat whe
prigg Bt A lorCelipiaie Sicll it eeck B 1S Seea S ufoabaretision and the

nu%b‘é@o?@ﬂfé’r@ﬂt%é§sm?@ﬂéﬁ$@ﬂ@%95§3 8 bf peFfokhmy. f | ow

t hrough the excitation volume, the parti cI €s scatter
light out of the beam and fluoresce. In many cases,

t he Howeyieseaiats aiei typically psedt & islendfyeantheewt particles with

specific characteristics in a fluid sample. As used herein, the term “particles” refers
to, for example, latex spheres, bacteria, viruses, DNA fragments, cells, molecules,
or constituents of whole blood. Particles may scatter excitation light directly or
fluoresce when illuminated by light of an appropriate wavelength. In many cases,
the fluorescent emission properties are optimized for specific measurements by
attaching probe molecules to the entire particles or to microscopic structures within

the particles.

In a typical flow cytometer, a particle-containing sample fluid flows through

an excitation volume where the particles are illuminated by a focused light source.
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by bondi ng probe nol ecules to the particles or to
structures within the particles. Particles are
wo yso#7hy i dentified and counted by coll ecti nECEHEOS2007/079761
analyzing the light 5 pulses that are emtted and
Assthay flewettiragyH the eaitbtion eslupss thé pacdicds $drtteexight autiafithe
vol une. Flow cytoneters may be divided into two broad
begat @ﬁﬂv%@sg%ciw giaty qaseenie TBRS iEaNSHPN ihRCessF §nhanced
I I 0 .
By P o6l 6 IR R R I ERSAL dPrtces.
Paviidlesrarentypidally identiied emdscouhed by cpiedting ardtenalgzingrilge light
a e fluid and a particle-free sheath fluid that o
U e Er B0 R er e §5 AaPadie s rgugie excitation
volugge on near the flow axis. In capillary flow
cytoneters, the particle-containing sanple fluid fills
the entire flow volume and there is no sheath fl uid.

Tec W ggoNMeersamal s digided| istedwer yead eatagpriesqageording to the

ve ngd. rihed.f
coff¥ERTEnUring MR BER aroRpd Y B RplSRG S Ty sBetfow
ingthenehts ctheSlwic i thie rehlonhofahe exoitatipoveitiee Hey @iocdyiponents:
reference in their entirety. SUMVARY This invention
thgyparkicliesonfaiinthsMete HHa s mpariglestee sheathfluid digt surrounds
Lo c i . L < .

YRR e e s Rap & FoRm At oz o RS In babRHRYow
cytoawktatg, dime padiciaacentactingvsamptehituidifids the entirecitove volume and

radi ati on to nerate signals in the formof pul ses.
therg 1$ A8 %%@?hbﬂfg'ga ti me- dependent pul se indicative of

the characteristics of one or nore particles passing

t hr qeghnighes excanay2ing purledRodiicddBy flelvasterRERS BhIE been
radiation is gener ated. A neasurement w ndow i s

kngenend gracribgd faeexamplegnd).poPateim Ngs. éHE21p11 6 endi3 938038,

ing BB B o R FoeROtaRR AR o7 PR angis ety

with respect to tinme over the neasurenent w ndow is
cal cul ated. I n one enbodi B8MMARYe velocity of a
particl e passing through an excitation volune is

cal quigineentisn pevides 4 heahodler analt/zivg Rilsdsorld fiéw cytometer
The neasured value of the pulse is then corrected

in weichgpartieleg an efluid pass Breegh pn@Excitaléonpeeivms @‘.ar;zemaromagnetic
g e T R
forappf puisent @sthe methody al tineetiebbhdetithsulsee islitative ”if the

wi ndow is determ ned. The pul ses are then

characieislics i%?@@_%@ﬂ?@ RA{ECIge PasANALaravgRIEe exfitatiqrpolume of the
eldcoridtietich8ditibRlis generated. A measurement window is determined by

selecting a portion of the pulse with a starting point and an ending point above a
predetermined value. A first derivative of the pulse with respect to time over the

measurement window is calculated.

In one embodiment, the velocity of a particle passing through an excitation
volume is calculated using the first derivative of the pulse. The measured value of
the pulse is then corrected using the calculated velocity of the particle.
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derivative approxinmates a zero. 5 In a further

enbodi nent, this invention provides a nethod of
w@e@Bpn7mg) pul ses froma flow cytoneter in whPChUs2007/079761

particles in a fluid pass through two or nore

excin ahother ealbodiraepithe alimpedef timed (b)/thai\me)ﬂrstrdeﬂvative

el ectromagnetic radiati beans and interact wt the
apPIRXITBAIGTH 669 \Rlye &%@eﬁﬁl&eﬁfﬁrﬁﬁ@”@%wé%%ﬁeém@e The

%‘g%%?é?p%@dg@f?rﬁtgjt@& Iﬁ%lg@;tbé terﬁﬂgﬁégﬁgﬁﬁ% Hé%eiﬁ that the first
depeativiecdmprpaissdtag atdarough a first excitation voI ume | n

the capillary; calculating a first first derivative

f he fi rst t dependent uI se 0o a enment
o REF e P RSTRETE T oDl D iyl & melhpy BLEREDEing
pu@@%tfrd?h @ e BQtoh’ﬂﬁef in"tich fpaktidlesIRT & Waid passathrduyh two or more

first tinme-dependent pul se; generating a second time

exeitanaeiy Mea IPsetially defined chyd\/\@a@ft m@reeelﬁsygma@ neHe sagjatien
begﬁ]%oé}ﬂi %@a&%hﬁ%é’ QMFJ. i g}ojrgeﬁb\;@{f‘rﬁtﬁ?e? %ﬁfa\’lons to 8enerate

|ng a secon secon

sighiafeeindap éothe Bf pulgeb s ¥hevraethadrirelades genératingdofivst time-
cal culating a second velocity of the second  particle
depeneRNtise etd Hpt Partige @@?$'oatthwg8fa i"ﬁée%@t?éﬁa volime in the

caé@%@hgﬁﬁ:ﬁfﬁﬁ Lo frdt Rifst d%ﬂgatl\&pgf tﬂba}ﬁéﬂ%é '&%{)&h&éﬁt §& over a

ependent pul ses by conp
mezaslucerhentewlndbw s:'alczml‘ailr@m:ﬁm veleiciyg Df ;he m@t particltesusing the first

M s v ot hpd e oS ddpRada Rt S Banhd aecand time-
deﬁéﬁdéﬁt?’w(sé Hpé?seéoﬁd’lsiéﬁ%lé’ﬁaés!n%‘ﬁhro@@h ARdcBAN eXERARIA volume
directing an el ectromagnetic radi ation fromthe source

in e ¢amllaryxczalcwietlm@p|9elcang} ﬂrsm@rlvabveroﬁtjweasec@mdutmﬂependent
u ve aI net t?r (r:naé)t | %/ 'tuaﬂe’la{ne %r cag he second
pf?&rct CRSECARYE M A9 fisY 9&?&? PASESEYRL e,
paMiié 0Binghekieebnd NSt RIFiV AR/ thBlsRicaRd timd- Bebé‘rﬁﬁe’%ﬁ pulse; and
el ectromagnetic radiation to scatter |ight and/or emt

correlabing dee firstiangriecongd dine-fependritaiisasgPy gemparing the calculated
flr%t aﬁarseq%f)ﬁ tveﬁdogtpt in the forms of pulses, and neans

calculating’a first derivative of the fluorescent
l'ight pulse with respect to tine over a measurenent
W ntloane BRpEEt, B)IﬁﬁRbﬁ’tTd»mcﬁFdeﬁ-ﬁw @ﬁéﬂﬂaﬂi@fo’ﬁ@nﬁhe&ng particles.

vari ous, ot her features and advan the pres
ThE ARl 48 CORTATIS B G GARIF LY. AREEe S 36N FO PR GRS Ysge™
dlref:tlrﬁggyﬁn e dudhaithetiglrabiagen 9% tHPsd RBeidt |I%|$t t_\’ﬁ@ne capillary tube
200 42718 P US2007/ 079761 conjunction wth the
foravog apaxgitatiorlvalwimegisn thadaphianapiben deshns| fai ngusing padisles in a
flu%etloodglssvm%u%h the excitation volume in which the particles interact with the
electromagnetic radiation to scatter light and/or emit fluorescent light, means for
detecting the fluorescent light in the forms of pulses, and means for calculating a
first derivative of the fluorescent light pulse with respect to time over a

measurement window.
BRIEF DESCRIPTION OF THE DRAWINGS

These and various other features and advantages of the present invention
will become better understood upon reading of the following detailed description in
3
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FIG 1A is a schematic illustrating a flowcell in a
sheath flow cytoneter; FIG 1 Bis a schematic

WO bdosss27ag i ng a flow cell in a capillary flow PCT/US2007/079761
cytoneter; 5 FIG 2 is a schematic illustrating a

cosjuattiomaiti thamcoampbhpingavadirigsemd theaaggdemded claims provided
cytoneter; FIG 3 is a schematic illustrating a sheath

befqw,Wh§fEonet er system FIG 4A is a plot representing
singl e pul ses produced when a first particle |eaves

an @f@' 1Al S%CH@Hé'FE |IP%ftr%"tlﬁg% fisie ea |rP§rshb§{heﬂcﬁ/Wc?fo?neter

10 4B 1s a plot represénting a ubl et pul se
produced when portions of a first and second particle

ar e F§GniB isia sensmaticlillusiiating ediowcell lmaoa@ﬂlarspf) low cytometer;
representing a doubl et pul se produced when | arge

gfﬂﬁi'gggé%ﬁgfyeﬁaﬁ'éwﬁa tigg%%%i&gdr&'l%ﬁa?rﬂ?w condition in a flow

cyidnetst;rati ng the rel ati onshi p between pul se shapes and
particle 15 sizes; FIG 6 is a plot illustrating the

el Dbt B e SenamancillalaBie e inedy fam SfoBR s RLEer BN o
systemthat nay be used to inplenent the nethod of

t he F|@QVEALi$ Qrblota'@pf'_és@ntlﬁg 'sﬁwg@e Bh%"es'drbdﬁééoa\ﬁ/héﬂ aa\'lrﬁl ﬁ@rtlcle

dependent signal and a first derivative of
leayep andexaitasipg valume bafase i S‘&jloéldmftlﬂele@t%’éad | s
iIIum'nated FIG 9 is aplot illustrating a time

dep I rs, t

depgﬁ' |§b%§tl re&ﬁ&eﬂtl V\g p(?aorlﬁ d’lﬁ%é égnocﬂ;g:reg \M‘?ed bgﬁlons of a
first iamd| Jeznaad yeiryclé larelgimatagdouskliimiatéd schemati c

illustrating two particles passing through a capi [lary

00643678 iR, ToROSP D9 G eaUbTe lelsd DROYUCEH Whet lasge portions
t |
of S ARE SR EAER ASTATKA Sy pARTag, mamTal | an

at were stalne |um|od|de(PI)
through a capillary cytoneter at an average vol une
f | owl®Gab és afplataBugiiativgdhe Felationshipbetveerppualse shapes and particle
._uncorrected wi dth data generated by passing 5
mmal i an cells that were stained with propidium
iodide (PI) through a capillary cytoneter at an

averhges ioh piat ifusimtingttiee eélafidsHib beaseertplise Ehapes add particle
ell\%@Ot of corrected data of FIG 11A after real -tine
v

tesi ty

FIG. 7 is a block diagram of an electronic system that may be used to
implement the method of the invention;

FIG. 8 is a plot illustrating a time dependent signal and a first derivative of
the time dependent signal when a single particle bead is illuminated;

FIG. 9 is a plot illustrating a time dependent signal and a first derivative of

the time dependent signal when two particle beads are simultaneously illuminated;

FIG. 10 is schematic illustrating two particles passing through a capillary flow

cell having two excitation volumes;
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correction according to one enbodi nent of the present
invention; and FIG 12B is a plot of corrected data of
wo-b@s/0r1B after real-time velocity 10 correce@DOS2007/079761
according to one enbodi ment of the present invention.
DETRIGED! AiSERIT IO UNCOFre bl 4008 dahégbhsfiah8bby aissi mgs

errbo iments of the invention are descr. herei nafte
mamm lap &P@? Hat werg stajeed H?}r@@'dl"{mé%%cﬁsﬁé glesTielane Cap'”ary

cyﬂo‘r“@éte?élf‘?n \/QPJ Syoirf %Eﬂ?r‘ﬁéb%g@gjl/sé@e figures are
only 1 ntende o faci |tatethe cription of
specific errbodl ments of 15 the invention. They are not

i nt Ehdetl1 Bds amplehdianmsoirestedewicih plaiacgertﬁratelddoy m@img on

e d cel S B P ok By PugBBiimips REBbitin 4 Captery

cytoridtee i & a@éﬁ%@@l VBRltheGlowt ke bnY2HYl/88c] s not
necessarily limted to that embodinent and can be

practiced in any other enbodi nents of the invention,
20 FIGs12A i a pptr rerrecteskdaty afiRlgs{ f Awadter real-time velocity

cofrB BT SR Ao R BN et lof M preReE IR BffioR e ™™
invention. In a sheath flowcell 10 shown in FIG 1A

a ské@t mZBIiSJiaqblcﬁmfenosrebtmi datblof FOGt hi Buedter aeal-time velocity
et
COEESWS%%%@? 109 \piae SuBpeEerif @&Presefglrfv‘éﬁh%ﬂ' n

pressurized nozzle 14 (core injector). Between the

cel I i npETARED BESCGHIPTIOR ORI\ERRRIUSENBOTIMENITS
sheath fluid volune 16. In the region betvveen the

nozzle tip 18 and the excitation volunme 19
di averieds gmhagimesty offtbejirvelttign e idgsceieed bas&s@aﬁeﬁ with
rengéerfe tb%% ‘P@DF‘e%ﬁelt FH& |}49de°r%cfhéi tl’?%t i ?BSF’ésharIe'ééhQn%% and
ecrease th sanple i %

theefigumes eare tonéy idteartzideto faéllntaltetrmde&ceupﬁubmocﬂ SpealfIC ehfisodiments of
excitation volume 19 is between mcrons while

the hventiamred BEY 8¢ f‘ﬁb'”ﬁ@dﬁqe%ﬁ an @hﬂ?kﬁ'ﬁti@ QRpeaPtien of Hie invention

lirflit th WoR&laks
or 88 2 BTG he¥ediBYoRhe I, 1hadldhoRE dspB8tdescrived in
coBJ(Dmamh Withre panioslair emboslipent ofdheomv&rh@ncelnbt necessarlly limited

Bt dRghhtnd 83F g Tragieal beaih oy S EpE me e br the

,m,@hggh_des a substantially constant inner cross section
that is filled with a sanple fluid. The 5
cross-sectional dinension of the sanple fluid in th

exciH@bi dA- ‘rBegcfaﬁmahcally illystepte r $W§ﬁemt@tlvgﬂgté/rcet”ﬁafﬂr M‘Qa
cyf%rrT?e?t r ?)‘fsgéfn%r{ﬁgt gé 5?1588 t@ rﬂélléfrhesrﬁlrﬁg%v ﬁwseft}l% 1of % |nvent|on Ina
shehltel ffdv@meN/e()@hanas FAGe 180 a1hieath ﬂlgatl)enters the cell 10 through a
pressurized inlet 12 and a sample fluid containing particles is injected into the cell
10 through a pressurized nozzle 14 (core injector). Between the cell inner wall and
core injector 14 is formed a sheath fluid volume 16. In the region between the
nozzle tip 18 and the excitation volume 19, the diameter of the cell 10 is gradually
decreased in order to increase the velocity of the sheath fluid and decrease the
sample fluid diameter. By way of example, the diameter of the sample fluid near
the excitation volume 19 is between 5 to 50 microns while the diameter of the

sheath fluid is equal to the cell diameter. By way of example, the flow cell has a
5
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smaller. By way of exanple, the inside edge dinension

for a square flowcell 20 in a capillary flow
w@eioser7es i s 100 microns. |In operation, a sanpdEUS1007/079761

is drawn 10 froma sanple reservoir 26 through the
dianetet attvoeenvd0 amd 724micsbesiirthiel mostioe bf theaced containing the

ignificantly nore conplicated and expensive than
EXEHEPIAN YL ow cel |'s. Sheath flow cells have several

advantages with respect to neasurenent precision. One

adv b aepillaty HORceR PO dHVESin BId. hﬁ:‘s SPERikar 'thézizfp%ﬁHes a

t hrough the ‘excitation volune wth an apprgm mat el
substastialht caretantiinger ¢rnsbeehthr5tr@yta)ﬁiade\mtfw§taemn@e ﬂuide The
fl ow IS ad ﬁstedto cre

crdssopeatRnalainensi i B o8 ahiBifie BRI gt 28

sigPfiahay I frgel Han e andsd-BEctiondi almarmies bf the SIFABIBARINE Bxcitation
I s approximately parabolic. In a sheath flow cell, the

regiafyiddn @ shedth Jowssiemd@ ang tediaw yalociigsaife comparatively

s OBt I AALL Sl GELRSIRVBLY JLAITIA I 20 in

artic ocit n contras

a capjillary dow cfyltcxim/etmhév 1ooamtndrise9ntdpevaidmg seinplediuid Bedrawn
wal | have a smal l er velocity than those traveling

frofea SaTiie 6%?\%%‘?"35 thrfqy@hctgmexcg@thr] YQldfeA®d in FIG

2. By way of exanple, the velocities of the particles

tr agplehAONG c%ﬁ@%%é%ﬁ'fféaﬁtl?hﬂﬂé%OH&%HE?W@( éﬁsn?e than

100 m cron square ca ary  cytoneter ce are
caaqﬂpryoﬂovwaekks ySBaathdfow bellsxleah\ce:sevefel axﬂvarfa@gegmwtth ceégpect to

medsirenelCaetitn, | Ofe Hthdntdts afe ok L enbR Tuid ravel

thrbB§ 8 the ¥&titzRohQdI AL Wit & abPKﬁéﬂth&;@é@nﬁQMﬁfeloélﬂﬁ In both
light intensity in a sheath flow cell is

Cy©mgier sysamsy ther ow eelochinis adigsiest teraseale a amgoth laminar flow in

tnef Yt Bf et e PRI TR ekl UBmer AL bR 1l N Bl
depéngedd isrdppuoxinthtely @haratsdliconn far shvath dowealdll, e i:mple fluid is
m ni mal and constant in nmagnitude in a sheath flow 30

cop@ngd 1 A narmeupegIalY w‘rwdﬂm@rﬂm cell @xis, lops &kiestivaly Myaimizing the
vaﬁ?%e Cie {:Ite%qjoéf r31n H HQ:%BHI‘%)} f%\ﬁ/t&%g,p@%rjltl{:leg'?ravehng

res
neaxtre wéll mQQOﬁOMEMeP@IbUSZWWt%% Gaveligmear the center of

Cc S e n,descri bed i . Shapi. .o, .
b R Stral e b (et By Wbk Ssxa DB ole v oahes of hegarticies
tra%l‘ir%ét %)reéra@f@d |§€a%cbqfrd1zﬁ YR ax@ oFa 1(5f§*ﬁﬁél{m I\si"(ﬁuare capillary

4,745, 2 to Recktenwald et al., and U S
cyt@mﬂtécﬁ@wmll Pu® Bppmmmatel%&’/&@ﬁﬁﬁ@@k&dtkis @ﬂ thetmaetlcles traveling

cl osures of which are incorporated herein by 5
ne?@ﬁ@r%’ﬂ%e intheir entirety. FIG 3 is a schematic
representation of a sheath flow cytoneter 30 that may

A sheath flow cell uses a small, centrally-located excitation volume. With a
laser excitation source of fixed output power, the light intensity in a sheath flow cell
is significantly greater than the intensity in a capillary flow instrument where the
excitation volume fills the entire cell. In addition, the contribution of scattering and
refraction from the cell walls is minimal and constant in magnitude in a sheath flow
cell. In a capillary instrument, wall effects may be significant and vary in magnitude

with the position of the emitting particle with respect to the cell axis.
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be used to inplenent this invention. In this system

the excitation beamis generated by a |ight source 32
weomR/0&1a | aser, a |aser-driven frequency nonPCTES2007/079761

converter such as a frequency doubler, tripler or

quamowbyibmaerwm\iecbéerpdemr&iedi in H.o. c&tteidmoaPmctml Flow

[ e erlu nt di ode
CVBQ ﬁw Aﬂ%b& (295955 [Qﬁ %@t%ﬁtw%a‘{n 6@5 ﬁwpp,US
Pa‘é%?’?ﬁ%?ﬁ%???%ﬁ@é’h%ﬂm@%g a9, %ﬁ%‘%ﬁ%. Rlicatih Pblication
Nos;?@Oéiﬁ(RMBé Ash dhven disabosares aplveichere imcorpb@te@hbrein gy
fjn tE)ne oh nore conponents such as diffractive
regbqr]cgsln ®F FAESY,e optics and refractive optics. An

optional bandpass filter 15 40 with high transm ssion

at e, 3X§ats@hém&tlwé@4e§§§ta|ﬂlom absheRitiaaed dyedmert JoBat may
excitation light source 32 and the excitation vol une

beaseddometamentghis iaventiasd |B)Ihlslrii§/Stdeihleaﬁ>ﬁCﬁﬂt|%be@@ ig2
geﬁéra eng{%ﬂ%}f{ﬁog Jefﬁg hfaé%rfb%l anﬁgé @%\%en requency nonlinear

wav e ocuse excClita
com/ér’terrwml a @ﬂehb@my@omﬂﬂequgblet quuamnpte&t a@@pvloéltpmametnc

vi a sever al si cal ocesses includin
SFilolor G BOMCa T UBOEALEDN, 5 SHOSRUPIMGCoRHBPHe ATnLarC lamp.
scatterlng and | arge-angle scattering. Particles may

'ré\%eé%é,‘utfah&ﬁ* ognemfs%féne%mCmaés&,t B@é{r‘ﬁ' Bk a flow

tron” and shape of the [1ght pulses
cetl hﬁtto aﬂeﬁng@nmeemteﬂomweimmm% dihe e>dcita’m>map’e(dal lsysitelme34 is shown

exci t 0 ttered excitation typi cal

as Bamelp |53 R aCa L ik PoWERne $Lm9ee bibrhifid

diffr gtV Gistican ebffdediPe oplicd BRd s6mddtRiel diicBarAd @ﬂ)tﬁﬁa@ﬁﬁndﬁass filter
collected at |arge angles (>45 degrees) and snal |

40amth igh(trarseiegjpe & fhe exeitadionnwvavelenglh naaiahe placed between the

i ARAARH RBuH T2 el M ERGPRbraThe B GREHS gited by the

exCititd sogteS2tay idvelanthd aiffiepentfasmting eReigionaavelength.
di rection. A maxi mum signal -to-noise ratio nay be

o SIS B PLSILILIN A1 0L it cocll, g st st
ex{.té@@n&%ﬁ%@%@% s@%f&?ﬁrﬁggﬁﬁ%r% éli sslﬁ?}ﬂ@ﬁfq ﬁ\]{]"tgefcen

|'uor escence neasur enme groun eve
excitationnabsapdobysmathiangt $¢ajtdr||nghandﬂargafay©I@aga*ztt&rlrlgo Particles

e FlEALESS 571 QERMDRY BERLLRE s ebelehgir HrgpiiSad huration
anﬁ@h‘ééé%f%@hérﬂrﬂm&s fReaHE gaREtased When Qﬁ@)kgfé)mﬁlrﬂét@a‘by the
level is typically mnimzed by bl ocking the

exeijationaeéain. beam Returning to FIG 3, a Iarge angl e
coll ection optical system 42 gathers

Scattered excitation light typically has an angular distribution that is

determined by the size and shape of the scattering particles and is collected at
large angles (>45 degrees) and small angles (<10 degrees) to the excitation beam
propagation axis. Fluorescent light is typically emitted into all solid angles and is
collected at large angles to the excitation beam propagation direction.

A maximum signal-to-noise ratio may be obtained by examining the
fluorescent and scattered light pulses against a dark background. In large angle
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fluorescent light and light that is scattered into a
cone of angles around an axis that is orthogonal to
w0 b@sexig at i on beam propagati on axi s. Scatt erdI/Usmh1/079761
passes through the dichroic beansplitters 44A, 44B
scatter ared flosreseshcentneat ienaanits vitredd akg rduntllighit Ié\hselsl mrrgmized by
ens or alterpatj

cofising: BB abraanoey oo die satialianrast orePAGEIRY dibcsion and
us]fn:gr erﬁ‘ﬁé@'tc?ﬁ oR Hop-paHidl %%\%‘g%ﬁjc%e f[g?]it ?hfdrﬁ/%f’d scattering

uor escence etector
m&mn@pbntst; the kackgroand I|gidrleseje$1typ|¢allghnmarﬁlzadm/ctnindklng the
fferent wavel ength is reflected by the second
exﬁ'#%mnoh"?? Mpeansplitter 44B towards a second
fl uorescence detector 50B. Lens or alternative 15

f oc RN IMPLd Eid. 35 ¥shriB-a3flc a6 apifcalspstehn4) gatifers

fluorescent light of first and second wavelength into

ﬂuowmeeb'@ﬁ@@dd@hém&sns scatteind IMOR eeypetangles prounskamaxis that
is %‘i}?@& ogp%okcf %?({‘t%ﬂéﬁ%e‘éﬁa{nfbrg%géﬁén azRB: éﬁ%r@@ﬁ%ﬁtepasses

e excli vol une and

thrdagle tie@ dichddic be@msplifiérs 44A,re8 andis folceswmat(ﬂh@tétﬁlve element
r eachi ng the detectors. 20 Fl uor escent is

of ngRiscAEAr BYIESIUIAD bR e e%alﬁreﬁt'\é%f%ugm. Qptical
sySif 18! EfilbreScdrtbnebta fist dRferdh %e{]etﬂ@ feaBIVardS &first

or spec ructures wthin artic
flubesfsoerce Hetectores0Aby tukiGresd dlomr-ctbleerrislpdmter M Aad fluorescent

| | | t b f
ot Secad it ware etePus Stk god Bl iEs Bedins dighepic
bebh&@ltte% Divardstd seURRCRIYre ST ®lectdr HOB. SLréa'n%tor(f:ﬁ’t%rnatlve
Stokes shift) of the fluorescent |ight 25 wavel engt

foauising o@maéeystem 5Bk apddi3Bhaieousad hiocuaflgbeasgent Iaght@ﬁfﬁrst and

the fluorescen [ight to ted m the ..
seb3id PaVPIEROT e T ieeh G et aivh 509 ahETesdfayely. Oneor
mdreldpgital Mncﬂfa@blfﬂt@rs 52 A0S ES CEIT Ny PRacat Detwebs #hd ¥xcitation
emitted within a few nanoseconds after the absor ption

VOW%%W@ﬂdheﬂe@ﬁﬁt@wﬁa)&QA 20Bo 0 msdiiet thhaivavegngjhs geaching the

Q conpared to the tinme required for a particle to
ravel through the excitation volune 30 in a typical

flow cytonmeter. 8 WD 2008/ 042718 PCT/ US2007/ 079761 In

cer Faioresgitilight |samsnmpnkyt£emmtebdmmrebeVmOIbcdlleéfselcbras organic

dye.r@q é?@%ﬁ F\!j/ or bgﬁ%ql) ggta%l?lt Cacrflaegp¥§pgglg ﬂ'ﬁgtutrgs within
ceftbnYsdriEIRs b‘é"fdr@'tﬁe?a?é Wﬂr‘o@ubé@*ﬁwt@fthé Aow! QDrBBétmélbéule@)ére

nmeasuri ng the a tude of | uor escent |g
tyrmﬂ”:y&rqmg @bs‘ofrleereruf emxt@umn@h’tsthan afficienihp senvereabsorbed light

or B s AR AR S0P Sy Bent
walefdrgtie dithraspéctlte She Exésitdtientigheravelength allows the fluorescent
light to be separated from the excitation light with a conventional transmission filter
or grating. Fluorescent photons are typically emitted within a few nanoseconds
after the absorption of a photon from the excitation beam. This delay is short
compared to the time required for a particle to travel through the excitation volume

in a typical flow cytometer.
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Light that is scattered at small angles to the
excitation beam propagation axis nmay be coll ected by

wo b@sfemar d scatter inmaging system 54. A beanP®i/o81005679761
may be pl aced between the excitation volunme 38 and the
for Wacdrtauoaapacaﬂum'wgipr@oelmmﬂwwﬁn differpnesmigsidrhand/or

unscattered excit eam fromreachin hefo r

exgl@o{tqneﬁpqqt@dnﬁg §3§¥@Fﬂd ﬂ?ﬂ'ﬁf‘ﬂé’P@éQ §a?ﬂp %B@@i(’[ﬂf‘g g'ﬁere”t
A k I

StrEEHI NG £ IRBR Bpelcl A e RIcRE By Mok Pl RE HRbiitude of
thesﬁmr‘eecentd@hepuksesmdlfﬁerbraaIrWa\aeiengmst eris positelg thenake

.i ferted bet ween t he exci.t tion.\10I uarrf qaﬁ anp t he is that
S"’?@ NGNS JRSITUPMELIT RN & SingleRgricle ROR{qr qiifg/Rptiale signals tha
ar@ﬁﬁdd@bUQﬂ/ diﬁér@n@?gﬂmeslér anekttiteack 1ight at other

wavel engths. Scattered excitation light may be used to

di scrim nate between different particle types. The

anobight ghat|is gﬁ@tthﬁQtatlsﬁlaﬁo&lﬂg'@ tther exaitation gﬁgmg@,rqp@gatlon
axfst}ﬁa Beoc%ﬂg?tted% tﬁ)é' érdtstbeattg?‘ﬁﬁé Eb%@sﬁ% &V%bggm block 56

appr XI'nat é icl'e"srze ar ge’ ang

mactaé bta”cledg)et\'&een fthen ek¢|tm|onqulmﬁt313® andithanfoheaan s(:atter imaging
Certain partlc e species 20 may be discrimnate

SYSHEHS B (B8 iR MGG CEoml ORGP (g BegIee forward
scattéi Hﬁ é‘téﬁﬁhé4 pSkétgé‘regq At ?ngngﬁr&ﬂ?d e é%ar%fecﬂe beam
I C rdi'ng ngl e

part ¥ separate acc em ssi on
blcmkcﬁammneni@drancﬁepased onto meamtidé rederhenteor theifomvaard gicatter

deleitoraet  AipaspRrearite o Fidviae Fopreg SeagPed e prsiiaton volume

SrMQtfoﬁ/%rH%aﬁépﬁé&%fdr% @ftrddienieightt ftth© BxE8RMn wavelength
Wavel ength separation nmay be acconpli shed by passing

andipdogiulighnd @it othreswegvelengths.es of  di el ectric bandpass
and/ or edge filters. After collection and col or

ol oSePBRR gt lln BUhEREY Bet B b G iR BR b B gerent
pafidiiatypesc qiesarbont shighethat 3 scattred o8 shizdl AMoD the

signals to digital data for subsequent analysis by a
PreRay) attlgp axis§ of tgp qjch@mgear@rvagmpépxm@t%wnh particle size while

Iaré?%%/ﬁ%%gé]t%rmgr gﬁéﬂ&g&arg ed}g ?I%ﬂwe BRIt LD ecies

ect’ors are
malebe discrigdhditgd tlyeneas urireg th|erraperolf semlledngld & [aage-aohks,
the article velocities, and their position relative
caiten axes of the collection optical systens. The
opti cal properti es of the particles are determ ned by

t hei fght iptesdtrRPatedts) méal'ﬂﬁﬂ%%@étﬁ?aﬁlﬂle%%}btsle?@rét@d 2ccording
the a sor ptl on and em’'ssion characteristics any

to prmigsien angle ancewavelgogid $eparation according to emission angle is
accomplished by placing lenses with well-defined collection apertures at different
angles with respect to the propagation of the excitation beam. Wavelength
separation may be accomplished by passing the pulses through a series of

dielectric bandpass and/or edge filters.

After collection and color separation, light pulses are converted to analog
electronic pulses by photomultipliers or photodiodes. A data acquisition system
converts the analog signals to digital data for subsequent analysis by a digital

signal processor or computer.
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particles. Strongly-absorbing probes with a high

guantumyield for fluorescent emssion typically
w@eoena7es pul ses of maxi mum anplitude. | n opereCT/O8200E079761

| east one of the detectors receives a |light pul se when

a paetshape ardl amplitde atf ¢lde bghtthesex@dchtrngothelbztattors are

Each %{neraction between a_particle JhO and the ,
defgreiined Py g ealiral Orepfsies 95 thenparbicles the pafticlgyelepitigs, and their

P , . |« I o .
PofRRR L BIREI M 2O e UIBER AU O  EBE | T Ot Broperties
of eneartitled atadetgrnined bgheir Bixec shapeed, ranskdngrisgaref@yr in addition to

oS8 BSR4 Bl Wcnea o e
paRRASHT SH8ngll 12D sbdiRG bYEbREIth EaUrﬂgh eliahfien ?I@Pdl foraf@rescent
| arge angle scattering signals. Tn other 15 sanples,

emiggion iynieallycjerorate pulses oumaxinmuolasmplitage.be det er ni ned
by neasuring the shape of the fluorescent pul ses that

are ] q a ) .

oo TErEfO0oR dS A B FircPuBanls Ry R muige woen @
pattitle asitowiradted bf lthe ékcitationagddrh aBachlisteractivndrativees a particle

can be gqualitativel '%%Si mlar to sheath f] ow

and {3¢ eyeiEaion bear is Kagve agian ‘@veph iI] the [des! rase @ P3rtigle can be
un%%bﬁtﬁ%us:l))si@@ﬁtlﬁé’cyfr{%ﬁ fhid cﬁ"n‘%lrgé((}%gé '&‘Qh% %e&’%ﬁg@ﬁ‘@ﬁ%‘%at are

es that are emtte nd scattere
genargibe dpeng iacl @enar i certdie shetléy, fonekdmpledit i$ pogsble to count

o R BB SRe ek SR Bo B ey messuring
thBRISMEEMAG nltliee bMMY Al BhAPArGE dnglPscRBRING AgNals. In other
cytonmeter™ flow cells, they are easier to buitTd and

saglplem thenamasiné af PNA bveelintarmueigitnzay b6 detersvred by heeasuring the
co atively |ar cross_sectipon of . .the excitation
s Rhird fiiieges Ttatfees Palpieeritiay the Parices miss through the
exOeRRW ’EMe. accuracy. I n both sheath and capillary
flow cytoneters, particles may be counted by
conparing the shape of the detector pulses

pr edéite i exagrtipn ok iheflow el e assasiied B@iﬂﬁq%e FaRillagyflow
crREp BT MAEB G0 A AR ISR e

is idiurm'nailed tgya fomuae@dghtosdlﬂﬁmri ay exnithtoouvdlume airgdammght pulses
article t s. Factors that may cause errors i n

thdtige s et B0 BoalsesbRBIErIBeRery tes 66 Ferted by Shhall and

Iar%;@%%;lé‘ o5R| QVStBFr%Ptﬁ%?séMJak@ﬁkQ%I@é é’ébbréihg%%\mtéhgth and
am nar flow “spatial variations 1n particl

direet thent ip, dafpatiorsil Beeause obihe inherehé sioplicitwiof capillakyt ¢ydbometer
ffici t he. sinul S il lum [ f | ti pl

ol iy 21 =4eire 1 LIS NG Gr gl PagandewMsiierss. ©

Howaiiek ethe GapnpeRaN &Iy g8 fcrdstessctiohrdirthe eXeitRIN Wolume in capillary

increase with the size of
flow instruments limits their measurement accuracy.

In both sheath and capillary flow cytometers, particles may be counted by
comparing the shape of the detector pulses to predetermined criteria. In some
cases, particles may be counted when the pulse height exceeds a threshold value.

In others, plots of pulse height and width or area may be used to identify and count

different particle types. Factors that may cause errors during the particle
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5 excitation volunme and may be mnim zed in sheath

flow instrunents. For many neasurenents, capillary
WGEyBems1Pr ovi de adequat e nmeasurenent accur acRCHIS2007/079761

offer the foll owi ng advantages with respect to sheath
iddnitifivatiyrs peicess idcludiedeviationoiimesrbythaachitarsitow, Spatithvariations

o B o ST G b i dn s e
SraEaRis St o IRIBERACH 70k S g egipts i

the hampby Theuoidgnitade of thdse eirwrsdypmal@snmcs&&setwm the size of
! t t ' |
oA SR e LRI B o o

injected into the flow tube under pressure and

par Fof hfaryaneaslreaids scapilRary ¥pstemd provRrSadefliate measurement
indirectly by 15 introducing a sanple fluid wth a

ACRYW G\ a@QrQﬁQf Itlee tlioveng advarﬁageﬁmhtrﬁép%%o sheathgflowgystems:
sheath fluid and associ ated fluidics are elim nated.
The 1siRgduned ddroplekitysand cosipi $rh@art;z fioMoeelisrarerammepiex, expensive

ff ' f t ' t
anfllfBnEleERten Giieaty Sinrary RE ot o B, AR less
préieeto @(g:aqq hehe. 20 According to Shapiro (Practical

FI ow ometr 4th Edition, WIey, Hoboken, 2003),

"t he. S tungd;n%@rawrbwr@ﬂgfatl‘@@anﬂtarmbyuaspur@m thesely
fac‘flﬁgg @9: h? (%S é'rgé(asfuﬁlgﬁléﬂyé]a%ér% acoq‘|c|%§'1 rﬁﬁblﬁ |r9 Ogam%Ie fluid. In

| uor sca

sheameﬂmw tytemdtenithe eample/amdehéama‘lw@aré Injected irtodne flow tube
nputi ng the coefficient of variation

Ungﬁ'b?@§@'@ ard pagicleePneRydratioss anp hmicaily m%wﬁ%mﬂy by
mtﬁﬁﬁ'tcmglggﬁ%e hi¥a iith MBWnepFH?@EIquoY]'CQ@@amn 8 the system.

or average
ass@ciTateesheath tﬁlwdmmcdsassmblateddtuabgs atenelimingpeatalhe simpler

oS SRy 3 B R e e

coFrWi(%5 hBuMethésts \M?érb%tleé‘t%risﬂntrﬁéas&éh}%%t aeBlraty 4fs

produced by i1dentical particles lead to counting

aceeptabke. and an 30 undesirable increase of the CV for a
measurenent. CVs in prior art capillary cytoneters
t ypWcabnt@rn@tm@ladprrdnd%r@cbéald-ﬁewt@ytbme\tvyg A tHditham \¥iley, Hoboken,
Bgca se of thei 08/ 427%.8 PCT/ US%OO?/ 079761

20D} ’@?@?‘t‘rg{n%’ﬁ pv%?'ﬁ'f‘?@Q OV PHEEL P EQitBIENbENaragifrized by

acf:ur?imattlhﬁ aoéiéﬁlb%ltléﬁ off%eefs%'?'é'ﬂ’ 08luek R 'ﬁhbf&céﬁ@é bF ﬁ{;ﬂ(t scattering
axi s cytonetry, the illumnation of a singl

intessities ﬁ‘dﬁs‘aaprlﬁ iqenticakpartigesearnd eemputing the coeff|0|ent of variation
(CV), which, expressed as a percentage, is 100 times the standard deviation for the
measurement divided by the arithmetic mean, or average.” Smaller CVs are

associated with increased accuracy.

In a typical measurement, the count is increased when the amplitude of a
pulse from a detector exceeds a predetermined threshold value. Variations in the
pulse amplitudes produced by identical particles lead to counting errors and an
undesirable increase of the CV for a measurement. CVs in prior art capillary

cytometers typically exceed those of sheath flow instruments because of their
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a singl e-peaked detector pulse, commonly referred to
as a "singlet." The 5 sinultaneous illum nation of two
w@epana7es parti cl es generates a detector pul seP@l/UB2007/079761
two peaks, typically referred to as a "doublet."” At
Iargéngéxcp"@rtibh cotumes ardthetmissoroilightrraranipe paftloessfanrérnoved
a cross sectional dinension that is significantly
frog} K16t 3P a4 @Xi he particle cross section, the
probability of simultaneously illumnating two
Par A e}iBfethyS tﬁéiméhﬁrﬁ‘étlcﬁ' of alglnﬁleGlscf}é’teﬂ Baaise ?)%Pﬁd?@bbﬁerates
representati'on of the changes in pulse shape t
a sitglerpeaked teteciopb@spacernoloalcrefersed taas ar smglet & The
reas ncentra I on al nost. all eve

SO ERRS I Dhalifi of RS SPhadhs Rafices Yditbisd 4 pjeElrbuise witn

twd @@éﬁ@scy?@aﬂﬁﬁafeﬁéﬁ ttd 65 & "HONBRAY I At higR pRiftidl& @oRE&RFations and
sectional area of the capillary flow tube increases

in sarap|er v Mithaycress sestenal dimension doa issignifiicastly igspater than

thé QarF |C§ cr%’g‘s sgcﬂqﬁhzwi r@cﬁabglﬂi/ %?s'n?ulﬁa%%ﬁ@tﬁﬂgrﬂ}éa?% I?wo particles

rticl @€ stnce i c
is mwﬁtialon vol ume before the second particle enters
it. In FIG 4B, the second particle enters the

ex0| ti nvolu while a small ion of the fi
onr FIG| R4 S Toheryaticiaprat e iqrof HBLanges i Rulss shape that

ocgﬁ%fh@s%%@‘ﬁarﬁﬁé%oﬂe&ntrr dH B |F16’rglé§§6’ QﬂdW@Bnéé]ﬁratlons

pul ses but e is a significant erence between
almost atesxienisrcamespond Mﬂneﬂmrpimlaﬁen vhlsingde pamiclesG Indeasing the

t d ti h h th
pafiEls PRI ETOBIE IBE Gro TSP R Sa R P laidiauh wbe
incléade&y BRGRODEHINEAST dU3erime tHBIGb@et p@ﬂsé'sﬁ‘dﬁbp% FEG. 4A, a
anplitudes are small. In certain sanples,

ells
singéetinulse isfgengreieddyaerchopdidicledsinee thenfirpt @ardilﬂ‘;e has left the

b RRLATY R A0 e aR PR S B RS9 GF b B e paspne
pattitfe 8hters teoascitatioh velurae irileessmbll iparteirest thelfirsteparticle is still
sheath flow cytonmeter in which particles pass through

illunyeatede i Ip dis 51956 oiNErRetRFIOR OH M SRERAOESIUEMI® ZgiRdetween the
pu}é%g%tttﬁ(ere i sqgﬂlﬁﬁl cﬁl‘rfé;tegge %E(\@{% M}Qectﬂ%%ﬁﬁ%%dtrﬂlmmum

cle size
putﬁeukﬂllees el Ga g, &gatflestramldmondpdmclesipass thredglatite excitation
ted from a [

al d .
volipaphflrast i Rmg daad 360 408 oifsencs Rl Beapaymum and
mu?fi‘?m%tp%%tém ﬂ@d%%ré%ﬁwaﬁﬁom) the disclosure of

IS |ncorporat ed herein by reference for general
|nforrrat| on. This type of analysis cannot however be

12 \nocedais/spaniies, Gaiis/ calrb@ 7 agrognts anseother gebris may clump
oG 0 Y02t bh LA L AT 58 RS ons natare
difieee®cirdny the dirhensibhebethd partities df intbrfestUthasyebentiow cytometer
in \t/\/ﬂiei:h particles pass through the excitation volume with approximately the same
velocity, the pulse width is strongly correlated to particle size as illustrated in FIG. 5.
Thus, doublets and aggregate pulses may be identified and eliminated from
analysis using the pulse and area/width techniques as described in Wersto et al.,
Cytometry 46:296-306 (2001), the disclosure of which is incorporated herein by

reference for general information. This type of analysis cannot however be
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pul se shape vari ations caused by the radial variation

of flow and particle velocities effectively masks the
weeise4ape di fferences between single parti cPe@rUS2V7/879761

aggregates or doublets. In sone enbodi nents, the

pedonnemrr edmantiohapedgiilarly dow cytbhet@rarquhc&a o@Be lvdths are also
usted so that thegoabll ' nati ng, nore

Strgﬂéw -GOfkS @i P OpELCle ¥ OCHY ?érﬂ"bﬁ)(r@é‘if’ﬂ I &m@oum {UCH sysems, the
pu{s%rﬁ{a?qurﬁgbﬁg F?Pc ﬁ?BV?né %lé’l%%tloﬁ%ﬁ@%rﬁi particle velocities

or ma t'to prevent in certai
effecibledy rrtzaslks$laerphkse sma(p)elmffenemeeeb’etydwmamgle pdréicles and

accurac apillary flow systems may be inproved by
agg@g@é@&%g&q)%@ fshe particles in a small region near the
capillary axis. In this case, the performance of the

capin k@fg drisvdieensTahe lcoRBentedINa parti€let dthedample can be
sheath flow instrument. U.S. Patent No. 6, 710,871 131

adjustethsg thatdhe @mqﬂlléy ozﬁéwmm@t@tg aoce gian Btvq/pantl@{ﬁs is
s EngRTIe Rty e 8 eflo Qe lRRNTD Bris rices Addheile

forenatiestis idéffiewlt wms/eﬁtemtdemraai bisiafical glamigles.capi | | ary.
US Pat ent Appl i cation Publication No 2006/ 0021437
entitled "U trasonic anal yte cqnce i on and

appii é%mﬁ&mbw'mem &9@@&@ ragy-of GaP aau Rystegys gy be
im R%a'tgﬁéoﬁéeh&aﬁ Bsﬁ.%ras%%ssr{@r ré&ﬂ%ﬁ%%g{' g{nét S4pillary axis. In

arti near th l'ary axis.
thig case),, tBe petfdrmande lostmcmﬂar&pﬂmlw cdometerfuby iapatdamate that of

@ et IR T TRE: 10 s ety o P AR L B far el

ded&ribesad cHpRasf fidvey il aes s ptestinsshivhamaghidicrield is used to

particles flow through an excitation volunme in a flow
foreg aagneadicaliy-eha@eglrarticles te 8aw withire resiriciech arassisegtional area

of W PRST 1Bt et REP Rlcelior SR Ao 0 Dl sy

“Ultlagohicadrialytedonicehteati a6d bipplicatiay ik €lokbeytaietdy AtogdKaduchak,
fromthe derivatives and used to correct i ndividual

et gly Id§éc@¢\%§pké|§r a§@n'PH%?hn'glli%%@rfoﬁﬁﬁ'ﬂ‘iﬁ@(ﬁ'%&)%m?%sr@qrr‘ih%\ capillary
ax%”'u 3 By %Atﬁ@c? t%& d)%}?’agﬁf‘éﬁé"ﬁ?gte‘#ﬁ'@gn&é@ ﬁBM.@tBH No.
20@6#0)@2&43&@11’&3 Mcmrmrated Iﬁdartemrsby rdsfemrgje ia thejplehtlmty/

instrument with nultiple excitation volunes. In sone

enbodi nents,, the n Zer o- cr,pssi ngs in
o TS OB e Ay ahe cRhvA B8 S by when sample
paﬁ|cﬂé§ﬂ&ﬁ&hr@b?h ket aeatideyblpte ANg fléwr@)t@rheféi”a‘?@%omp%@ed in real
WO 2008/ 042718 PCT/ US2007/079761 In one specif
timentseing mamericahtechnigsiesi dMhen dve dyetgrrwtﬁrersmmraied wnthln typical

o R Ao toReen G Bnd VBB ARVEA, ool Gfces may e
calculated from the derivatives and used to correct individual pulse shapes so they
closely approximate those in a uniform velocity flow. Calculated velocities may also
be used to uniquely identify the pulses produced by a single particle as it flows
through a capillary instrument with multiple excitation volumes. In some
embodiments, the number of zero-crossings in the calculated derivative of a pulse
may be used to differentiate between doublet and singlet pulses.
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vol une of an el ectromagnetic radiation and interact

wWth the electromagnetic radiation to generate
wee@nalwis n the form of pul ses. A tine-dependePtT/psio8B079761

5 indicative of the characteristics of one or nore

par in ohesppeifisientbddimenyihé irerenéiai ipratides a\réthod affanalyzing

85 S Aoty CHPIRSST hovich sericieaTs Tyl eass ipugh an exciation
vof&?ﬁ bPQn %fecttr%?n e% 4 Fagoﬁ‘ apbhickad gﬁﬁiefweAé}%&rr%rﬁﬁgnetic

I Nng pol nt a predetermned v
radjahorvtu gereaerate mgealpuh dlee fartrhof psgecA time{jiependemirpulm

ndiEaTRIARER chfftariicd of Bnéy e aerinlas Prsgnganfudh e
exé@étﬁiﬁ' wemehst tl‘i’@ é|ébﬂb‘r’rva%}rféfuctr86|aﬁb® f@bénér'éﬁiﬁ aA measurement

detector in a flow cytoneter. | ow Cyt onet er

nay
wnrmpvala:d@xermmegd by w/eetmaar@pémon @fumetpmwnbwo@taﬁlr@rpomt and

ol BT Bl bR e A SOPBREPS e wir

regpert &5 tinemb\er the AfedSafeamnentngindewrt Galcliatedght pul ses
are received by a detector 72, generating electronic

signals_that are a lified by a programTabIe

anpFI 1 815 AMPCKAiaa Pl 3 SRCITONE BYRPE/ Qath% Taphe usgd to

ool (R BAGIG O1t SENSRP IS BBl oty plfBeter. The flow
cylonudtef may e eapitiasy 1@y cytmmastear Bubhctiorsd btoeks ,ondihe diagram
utiff RRPRRY Gid GimpoNRts At HE atesk i & ek pdfoigand digita

S|971@I prot@séiRg off may, for exanple, digitize the signals
at a sanpling rate of 40 kHz with a resolution of 16

bits. Interleaved digital data fromthe ADC 76 may be
st oRedenringtta & e folightgulsesnarerreceinpd toyra dgtecy 7\ﬁaageaeratmg

o/ EF AR Sapt Rinal B MRAREIER rhRoBinARe 2675 aleEr ana

traneportad b tid Emalbgfdlﬁputa&sam talan @led@tﬂiﬂil?j{ltai%ﬁ%rter (ADC) 76.
nmodul e (DMA) 82 may be used to efficiently nmultiplex
Therpnaleg BU$ v éﬁgaséalser%@/s%gwls Arase ﬁg}ermg@g&ete@tp@ 78,

I b
pr%rs%n?ﬂ'?ﬁg L{@é}%r%rn(?[ﬁ%ég%@%k gyt\ba B*Qﬁ%fﬁgfép%eeén{lég bus 74
maymrryrmurlomﬁlk/el@mpldemgna@tqaﬂweahﬁ(:e?& for the other
i nstrument conponents 84, detector voltage 30

settin ain.settings for. the forward scatterin

ot JBIDE e Mk Bbiriak digtizs e BhARrat 2 S hhfHa e of 40
kH2WitH & ir€$Sutior® of 168BREOIAEHeAVGRE! FRERYNSEhe Aﬁ)d/ﬁs may be

2008/ 042718 PCT/ US2007/ 079761 nmenory to a board

stated dulthe ®emaTy of agnicsocaniputer 66t BytwaypOpxarnplesthesg by
migrolalré%essor may be an Eden 1 GHz Processor with 512 megabytes of random
access memory. A FIFO buffer 80 and direct memory access module (DMA) 82
may be used to efficiently multiplex the data transfer process with other processes

that are concurrently performed by the microcomputer 78.

Digital data from the computer memory (not shown), that may include
operating parameters for the other instrument components 84, detector voltage
settings and gain settings for the forward scattering detector programmable
amplifier and other programmable amplifiers, is transported from the computer
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bus 90 under the control of a DI O bus controller 92.
Amplifier settings and digital control settings for
wordensooponents are sent fromthe DI O bufferr@BUS®07/079761
i ndi vidual instrunent conponents. Anal og control
mahgn‘yatbsa bo@rdotsvedat 88 dndadiyititiap/dutpunis(iO) edffoy 88 Ihg a DIO
Dl 90 to the Bo Decode d e 86. The . .
bus R cg@@dgtaaﬁ (S b,ugeﬁg)nfrp Sﬁ%némpllggr seitings and digital
Hi|ff?rﬁﬁ§l1‘o“r‘r?o%\zg>1Fr%%¥thtﬁ fle?'B t |
Coorﬁg %’gr ach rreéa}s(: re r%gmréérﬁmeegé cﬁﬁm€ o(f')%ﬂ;)?a% g Individua
instruenetd tcani panant eAdangcao:mrtromlgnabs dre wﬁédlfrora data

i ngl de-i I t dat
ol iy P AU BB DR o
10 buffers. An upsanpling filter is typically applied

to trhe iderieBV&d NERY adtdidtraad Soint atdreoryfiyl therdicrasnisieter 78
8x and 16x upsanpling | owpass filters that are wel |

angsieniterteavee iptoi fffers i) fop Iea@@meawr@m parappeter. By way of
exét'g I;%pefe tRe %fa\’fr(srgvtég‘%{eeg%(&gr ?‘gﬁé@é ?Ldrgg Ets‘ﬂﬁf@ de- |nt%rleaved

bufa‘errEAlne@atlfxelgzqd@tadsom@daﬁlolhal detecturs niéy fe strbd in ateitional
the derivative of a pulse, a nmeasurenent w ndow may be

bufigfs: ned by deternining the points where the ratio of
pul se |ntenS|ty to the peak intensity is equal to a

preqet wér?ngg VMl & t ER%H?%FE@& 'tdshel §e- ﬁrh@ﬂa&ﬁe%o%‘at%t &fiitable

for eac poi nt I's W ndow. at1 on
filterfs mhledd@mamt 16‘7)eupwnblmg)blw\fpassédietg/thalhere well known in the prior

st asrora SacniRersiBiioRRhoBb iorho g fefifien samples,
impfovebestifitPndfangbeak 9aNRN bid %ﬁ% ﬁbﬁﬁrél}hé‘ric?\ﬁmse rejection.
cytonmeter detectors. For exanple, the derivafive may

be cal cul ated using the Savitsky-Golay nmethod as
desdeiGadeHlate thSrﬁ%WﬁtlYQOfaﬁ @ulsier Beneasuramest Windaw mayhe

de@w tagfo‘e?gr ﬁl le‘ﬂ% t%%vh&oé?ﬁee%eff )Rullsgég "{’%ﬂs'n%to the peak

|nt6|6s|ty2|5 emmal tkﬁ@bréﬂ@rrﬁm@ﬂ&)alud heheldedvatgrie tioén mbllcoiated for
i ncor oraged herein by reference inits entirety.

ea?‘ﬂld@%?' bW IS EhisHvingomy, performs a local polynoni al

regression around each data point in the derivative

bUf t%r%gé;‘tfbdiéﬁtﬁetd?ﬁlv@ﬁ@/é/ RefY pfan"fbrnﬁ@d b?%‘ié FRE® ngff&%ssor 78

first vative of th eorlglna S|gna It co I nes
usm@taanysmmrtaﬂ ngmevical techrique dnatgs ibott) fasit ahd stalde it presence

stimation filter 5V\02 042718, PCT/ U 7107 61
"GRarpels oty edearrethy 1o ol dEeias,
exam@da ithe eefbathal ) be ddcdatec@itg GRO8a¢iItIgLBO ?‘Irﬁéthod as
A val ue proportional to the derivative a

descrlbed in “Smoothing and Differentiation of Data by Simplified Least Squares
Procedures,” Abraham Savitzky and Marcel J.E. Golay, Analytical Chemistry, 36,
pp. 1627-1639 (1964), the disclosure of which is incorporated herein by reference
in its entirety. This method sequentially performs a local polynomial regression
around each data point in the derivative buffer and uses the polynomial fit to
estimate the first derivative of the original signal. It combines data smoothing (via

the regression) with a derivative estimation filter.
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specific data point was cal cul ated by sequentially
mul tiplying ordered sets of 9 data points by the
wo edoBo¥a7ng) coefficients PCT/US2007/079761
{86, -142,-193,-126,0, 126, 193, 142,-86}. The first 5
cal Eol ekample) e pdatt Savisky-Solafiltdria= Q)E‘WGBdJSGd in combination

wifdh St dRorae R eh A< Adialde afeportionalh tae dergptive at a

|
sp%rﬁgb g@édr %SI g)agg%(ljd; éttelao é@%%nﬂ&%l?ﬁélﬁ g‘é‘&lﬁ@b%de?eij sets of 9 data
poohds by theTfailosving ceecfficienise {86 1820408 12616 1|26t,‘&03 éd&e&ﬁ} The first

i buf f d.th | t f t d
calclilion oideriasd opictS -0, 3R seRoid colliatBRlishdats poing 2-10, the
thn"_d @Ic@lahbh uSEd Aaes pélnIEBJBSﬁI SteaRMtipsehied @!éﬁi/éftﬁie' Wues for all data
| se shape COfT'pUt ed in accordance wth one

pomwhrreaupreﬂetemned\c@iqulaimn windpnave, carnputedngnput data

o SRS Revie I AR & e o Bl by S8uld BFine
deficativieetal ogatibasieed af aderigniivd antput barecyt onet er
avai |l abl e from Guava Technol ogies, Inc., Hayward,

Callfornla T, and T2 are startlng and endln poi nt's
¥

15 Fiat 8iljust ratqse%pglsesqf‘@pgar}q Y atévepP‘él§%ls BRE COAMUed in
ac% %hce%ﬁlﬁ andéﬁjy‘oegﬂer‘\tsofq BioRY 1A h?Gdetfwgrtf?ﬁlg@ependent

et ween rst derivative zer
sigriabasd tiwe fitst desvatoe ofcthddemIe depdmddm sigriat vese @naﬂuced by the

forfuat & SORURAT CRANNElL Pt HispRlaly P Ko Siet Aya i front Guava

Te%ﬁhGIH %%' [HE. trt@y\,f/ér’fdsbaﬂﬁfrh‘éatTNéhcf T?Hieast@'rtmg} &hd @ﬁ&lﬁg points
n alternative 20 enbodi nents, the derivative

tha’retlye betegiprr signaeressass? proset thresboldvevelu e mﬂSeWIdth is defined

ues th s t abl e speed cur a
oy JFEAMTEGe Bttt LA SenBais el st S MAER et ppssp- tis
com%}de*h@mﬁtﬁ'tﬁé'p@lséds@h@lrmbﬁmurﬁefl vative data in a
measur enent wi ndow defined for exanple by the 1/4

intensity ROI nts of the pul se. Maxi mum and m ni num
val 188 ViR Griay {iken '\%Mt ANe 19 ajgrafRumPeneheuitEdiRiBumerical

ﬁ@dé 'Ha'lc;dlﬁﬂwgﬁm'fﬂg fFr | Ol\rqélﬁ%r?( ﬁlﬁﬁlglﬁﬁ%éﬁhﬂtematlve

er’r&mdaxhents tr’reademratlvelmaybbwptqmmtedsuslhg attexnativen nuecherécal
r|v rlvatlve)] , Abs is

teq?wéq%\g\ Bl %P@Qeﬁi}n%ft‘%%éy ﬁ”ﬁg§ abilf¢al i ng factor 16
WO 2008/ 042718 PCT/ US2007/ 079761 that depends on

ﬁg;’iﬂg}?s@ﬁngéﬂﬁbﬁdﬁmé@é ItR8 parti®e veRRTy nith& chiuldied RBhSthe
derivative data in a measurement window defined for example by the V4 intensity
points of the pulse. Maximum and minimum values of the derivative in the
measurement window are identified and the particle velocity estimated from the

following equation:

where V is equal to the particle velocity, a is the maximum value of the derivative

o = max[(A4bs(derivative)], Abs is the absolute value function, k is a scaling factor
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a Gaussian |l aser beamk = ,Fe' BW4 , where BWis the
1/e2 wdth of the beam The above applies for
w@arsied7es smal |l conpared to the BW Soneti mespeniUS®OT079761
other effects nodul ate the pul se shape and it is
thatdlepehdg @nushdpe afahe ekatation Ibsenbeampaad € igdiee plilse height. For
derivative maxi ma and mnim. In a preferred

GO bBols - Fbera, et Y 1 el 2Rl o bearn. The

rret hods for calculating a. DERI VATI VE- BASED VELOCI TY
abogRREQRNr PORidk:s SHakDMARERd W EHBV.0SaAETmesTIaldSor other
Fl ft d f DNA cel | |
e QST HE A& Sl B RRec BhiadPauife salhpig oifiam an
av@fag@%\’lﬂeﬁrv@ﬁ{/é fndximb RdGhinima. and dréfdvtath@®esdinténtt B8s

cell cycle are determ %eﬁ%’v;ta' ni nﬂ% themw th a
~t Hefmithir o

Ca%@@ﬁgon @/ ;bé flow cytoneter.’ I%iﬁ\?/egle‘rgéh%rreaar%nany

amount of DNA in the nucleus of a given particle is
othespeeieds forcalewabrg p. cycl e stage and, hence, the

pul ses produced by particles in di f f er ent st ages have

di fferent shapes. Pul ses may be anal yzed according to

their anplitude, area, and w dth using well-known

techni ques as described in Wersto et al., "Doubl et
DHRIVATIVEABABED ViBLOKNAT €4 ORBET B OM &0 PLILSEOANMARBA/WIDTH

., 296- (2001), the 20 disclosure of which is

Cﬁﬁ@#@%@‘ﬁ@d herein by reference in its entirety.

Alternative techniques for pul se shape anal ysis are

des Frd\/@egtdrﬁbtérssareﬁﬁre&ﬂ@sé&}@r DfNIQ%én E)dle alsis. In this

the di scl osures of which are incorporated
mmugemeay thefelaivecBaction efeampleraels én the Gd) Peand = +4M phases

of hRCedleftie, 3 aRTFlsRb Y sBMing tiBh ifke ENIFSbegii gve and
pas$iagtthernl tarpugyt th erixetation bd)lubﬁe ofes flowlgtbraster 2T hepitesend

and area/w dt h technsa%ues " The accuracy of cell cycle
am%% Qf BhthinstheugigseferigivgB Partide é%ﬂ%@@“d%ﬁ’ﬁdtsrﬁe”acyde

r?cFrr%n?;@%%rBLpéé%ﬁ&oﬁra 8 By et IEs @ﬁéﬁeﬁérﬁf’s&%’é@ have

ave dn excess o
diffeyéonstapes, Mm&gmyd)qoamagaedragcdrdirigdenheifiaerq)liuxiengarea and

I d /width tech : tech
wigl (Sing Pt B ehriae3 daiiosahas T80 0 resse!
DISHHHRAAT T DU GICYclemRafs B ABMEVAEI96108 (2061), the

are different fromsingle “cells in vari ous stages
dissfosune of whichcig dhearporated herein by reference in its entirety. Alternative

techniques for pulse shape analysis are described in U.S. Patent Nos. 4,021,117
and 3,938,038, the disclosures of which are incorporated herein by reference in
their entirety. Collectively, the prior art electronic and numerical signal processing
techniques for pulse shape analysis in sheath flow cytometers will be described as
“‘pulse and area/width techniques.”

The accuracy of cell cycle measurements is degraded when the sample
contains a non-zero concentration of aggregate particles that have an excess of
DNA material. In sheath flow cytometers, aggregate pulses may be identified using
pulse and area/width techniques. These techniques rely on the fact that
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In a sheath flow cytonetry system neasurenents of
area and wdth may be nmade directly fromthe
wo paswsxiusml pul ses because the cells are passiPgr/us2007/079761
through the 5 [aser beamat a constant velocity. In a
aggmgjdtéatwmddllwhawtm and DNFeapauhtscihat wed diffetentiidnasingle
{un %lon of radi al ce fromthe capillary axis.
cells, nyheMarionp S&%ﬁﬁ%?& C§U§ﬂ/@ﬁr for exanple, the
vel ocity of the nost d| stant particles may be one

thi 'irﬁja%fhebﬂweﬂoW%:yRﬁhétY v 8YstERE N Sur&henisl Ghkh %%dr\ﬁlafh may be

the capill and area and wdth of 1ndivid
masie @lé@:tbyrfe)rnﬁh@@uwdu@mﬂmbemseﬁbe catl$ are dﬁssuagddafough the

a3 o3 805 EaStBal LBuhe, i cop MR sBbisser té Bakitfe veloity

is & %r&ﬁlbh}bfq’édbhélsta(?%tfrc% Qh@%ﬁﬁﬂlér)ﬁé&@ulraé |6éIQf§p‘ilfé¢¥)system,
derivative of the pul se and e particle shape

forvesagnleytheoraleaiverf the cunsiidigiant pasiidles ey belodeithid jd of the
|
o BB PR B gRB SHLEAp a4 BBt o

incividaavpuléds ar@ﬁmmgu;edep&ndmts)nathecred il didtamdeloftthe particle from
anal ysis of the velocity-corrected pulses are

the- BeMyav®PXiSt 0 t hose obtained in the analysis of
uncorrected pulses in a sheath flow instrunent.

Vel %‘ thh%o@él f)l r?i@agl%é t?ﬁéﬂ%bd ambh%\‘?%?X/glocity of the

mul t1plying t val ues o thevvl area
paglol@mqymgealbylatenbfroml thelcerivetipaot thel reulse bodithg pafimie shape
exa t he uncorr ]

mayb& SaBRI Y og e R s R BT EH T e Petvelodty Sariiigh gk Been
peYofiew theipgilsdieina9 e Ay 2ddiudiag the b@ﬁ\ﬁerﬂfonbhsmsa Rind

pul sez1 and the area determ ned by integrating the
areplwisith éeehuiaues. ehgprs/assciatey vithtthe ar@a{swofathemlocﬂy -corrected

pu}gggda%’lcpﬁﬁ}eagg%@{o%ﬁe If) 9%:90‘ |?| tht Iﬂ cgrf%ﬁac%a[aetcgedog}ulses ina
shihid el Hstraheshtvel ocity. 25 DERI VATI VE- BASED DOUBLET

DI SCRI M NATI ON Due to the conparatively large cross
sec ?nal area of the flow tube in

capMelogly qqrr&ﬁt'es}m?%ﬁ'm@'M&ceom'@F%ﬁ%ﬁﬂﬁwy@srtee values of
thé’Mbtfﬁ%'nH dréaf a gﬁYéW gh@@%ﬁh%a’gd&?’t@g 'E%Hl(ﬂ@ v@chﬁyt ?%P

one sanple partiT t at
exdmipés; ttoe uscgmad:tedrwjls’.e wiith dedéteanines to)j rrtelaleudeg thos temporal

wigh e BEeElefoGwiatiol e ustiieth e 114 Bk dta’idiGs input puise)
antieh wéd WetorihaibP HOSHBAAT 1 FRTANEA00 THRROTRdatoer he

t he detector si that was generated by t
calsulaiionavieday. i\Vélogitynearregtiopftot Vpues|lssae©ompllshed by

multiplying the uncorrected data by the calculated velocity.
DERIVATIVE-BASED DOUBLET DISCRIMINATION

Due to the comparatively large cross sectional area of the flow tube in a
typical capillary flow cytometer, there is often a non-zero probability of
simultaneously illuminating more than one sample particle at a time. FIG. 8 is a
plot of a detector signal and first derivative of the detector signal generated by an
isolated single particle. FIG. 9 is a plot of a detector signal and the first derivative
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The representative signals in FIG 8 and FIG 9 were
produced by a forward scatter detector of a capillary

wo b@s/ogriomet er, avail abl e from Guava Technol oPEEES2005079761
Inc., California. A sanple containing Guava Check(r)

of treadistevias sl thed wdLgerser@leecty the dirattanaoes pluminatésh of two
as a concentrated fl uorescent bead suspensi on of

pag concentration. In use, the beads may be dil uted
to yield a bead suspension of known concentration.
The T abieaBneliveoRlIaf PG A0end #46! gt 68udcoy Borward
di fference between The tines T, whe

scalteyrdgtector o8 capplaestowtdytarséler, oavallebreﬁeom@uw Teehnologies,

S_zero each. .maxi

InG oA A SprBe e o Ry B Re be il W Uiy Guave

CheikS eeadbardprowddd ¥§ aZheehfras ﬂl@ﬁes@rﬁ beab&uePedsion of
in FIG 8, and Z1, Z2 and Z3 in FIG In the rare

kn@wemonpﬁa&ratmj“r eln lﬂi‘fﬂarﬁh¢ h@a@emaycbegllt&eé to lyjelgriarigasgsuspension
of ﬁh&wh tc%ﬂgé’ﬁi‘?étﬁonltﬂ?e gﬁrrdtl\\(/‘\)ﬂtdf\fﬁe §|r§;ﬂft an'dsd e C%Lﬁges Er% the

Cross zero ) t1nes ere n he "nu

diffdremdd baimes! theitinhesrTnahed zlﬁhermuhel sigesls chyssh etewﬂtthreshold
si ngl et (gul ses may be separat ed cal cul atin
Th&é’ﬁﬂYﬁFY gighpls %rﬁs$ AB(R al %ﬁ%”@&”ﬁ‘é{“t%@ rtnéE'Fﬁ‘H%?qué’é‘Céffor the

sm? §5ﬁd T Pbﬂ&& gﬁls@uﬁ%%rdé’rfvgt&é ?@?o Efsings

|ve I's approxi nate to zero
arepldb&a@ Rainek165. 4, mgdeZ4, Zelaodﬂ@,dn chbiBeths thmrme@aveﬁlﬂthat more

g parslesesy T Re B ST e Rl hele s vabye Sianel & expected

to M@s%%e%‘@zﬁ h§timiedtthdra™ RaARE MivhsE- of sihuRarkBo(RNY illuminated
particle size, the maxi numderivative of the ri’sing

pagitgs.of a singlet pulse and the width of the singlet
pul se scale with velocity in such a way that the ratio

e CREPISt g PAAEERf5Ss M RES Bt ER oY coREHRAR A8 beRlative o

anfhbstgsulsd0veygene téctmnqu@ ofthedgeerdioni art datervimingthe number of
Wth velocity in nuch the sane way as with sin

t'”’kﬂ?l thedepiyativenis grarevmaiely aasaf Fﬁ'—b?%rﬁs e%ngl@épukseg%ave a single

zeFd Jatol} Bg)ubl% \;@/3an anount proportional to the
separa vveenthetvvo particles in the direction

of the flow Therefore doubl et and singl et pul ses may
be Adtemativeby dbyblet autsebaanidrsjnglbteplplees evdydbd separated by

oy BEdha ARG ef e il Sod M far SAEaMREY Fora given
pahmsi%epﬂ\%%bﬁlhmrﬁ%nqg% 6\‘ thet i¥iky Bayé o’f’é's%ﬁ;let pulse and the

| -time derivative cal cul ations accordlng

wnq!ihem‘élne singlasmulsmscale With \EosiyinSuch ePeay M(tbe/r@tmaﬁthe two
pa@ﬁ% %E% %S%S%Balgﬁ%e& '%‘@%‘%ﬂd&%t g?f%enb@t%%l \Ha(?oc?l{y IH%he case of
doublet pulses, however, the rising edge derivative varies with velocity in much the
same way as with singlet pulses but the pulsewidth is increased over the singlet
case by an amount proportional to the separation between the two particles in the
direction of the flow. Therefore, doublet and singlet pulses may be identified by
calculating the pulsewidth to maximum derivative ratio. Singlet pulses correspond
to pulsewidth-to-derivative ratios that are smaller than a predetermined doublet

threshold value. Real-time derivative calculations according to the present invention
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the pul sew dth-to-derivative ratio used to

di scrim nate between doublet and singlet pulses.
wWW/EI08CKITYS BASED PARTI CLE TRACKI NG | N MULTI - SOUROEUF100M 79761

5 CYTOVETERS In certain nmeasurenents, it is desirable
mdyobé usemtmweumsrml earr:taa'rmdrj]mlme!\bt tme Iba?ingredgy@]rivaﬁiv(ej and

excitatjon wavel engths. This |s typica acc i shed .
thgpulsgw, hﬁ%‘dteﬁ'éat"éﬁﬁaé@tus}%atﬁsd'w ais !P%‘%@&“ ‘{?%nglﬁtsancﬂ singlet
pugiegferent points along the flow so that separate

excitation volumes are created for each | aser. The

i ght pul ses fromeach 10 volune are coll ected and
VE€YaiTat-BASEE: BAR TG LET RACKIN G MAHT | 6QURGE FLOW

Cﬁé&ﬁ@?{% optical systems. In cases where
%ts are made on a single particle in two or
nore excitation volunes, it is necessary to correlate

t he Ipoksgin regadlrethdnis, g Riesirablieabiiiminetd sampw particlke with
single particle that produces them In a sheath flow
two gs Marg@xcitatiprareleapthspalhis é8 ypical yperomplished by focusing the

ou@ﬂ%%élﬂ?ﬁr@hyq;ﬁ%%g? Pa'é%ﬁ’ &f &’Ff??e)ﬁt pb'l?ﬁs %Rﬁgﬁb@tﬂoﬂﬁs&%t

e acconplished by settiing tine gates that correspond

separatd extitationi wollimes dpe trested fah ddobrlasér. ekiug ligtitiputses from each
vol unes. For exanple, the rising edge of the puls :

voliGibptk callecta &G apRAS PROSTHT o ek pgle by different

opHe&adykRrhdé ™ gate the data collection in downstream
excityati on volunmes in such a way that the pul ses

generated by the 20 triggering particle are identified
and In easgsiwtierenmeasufsynes s laré ovatecen awnglepapicle istyd or more

oxt b Br ol bR e @ dosir e, ¥R S HRBHE p8R excittion
voluhtsTwithehée apigld pasticRxingt pratludes themt |6 asshedth®oiv inBtrument
required for a particle to travel between excitation

whese alteertices, avelidt@pgreximaiely Hie samestelasivethe erireiatier may be
ac s BASeRREA L 53,878 0 SRR (AP T S
diffePemntsexitatitre raluinges. | Forséxahplenthef rigimg edge taf ¢heepulse generated

travel ing through a capillary flowcell with two o
by Gieat gt B AN aliees veliia m1aY Hepuser torfav@g@t%gzﬁ datgepoliection in
dofffstredin {BHGARLLIR i HRA Fhued that e HUERTGeertEd By the
triggeriogi partitlpare idergiibd tesndt ieabidedg r Bas @epptden hdveevidrmsay not be

In.the illustratio Particle 30 .1 .travel s thraugh
usedt ficoavelid seBDan Bt sitcrusier Whiss 1Pt velb s o
strbA§ fliR&ioBlof diSMheE froaT HeClapiliRy a%isOVIArthalkast sk RS 88

Particle No. 1 as they flow between 20 WO 2008/042718
reqraedUs? aartigie 1@ iravel between excitation volumes is variable and, in the
worst case, the order in which two particles pass an excitation volume is reversed

as the particles travel downstream.

FIG. 10 is a schematic illustration of two particles traveling through a
capillary flow cell with two excitation volumes. Particle No. 1 travels near the wall of
the capillary tube at a first velocity while Particle No. 2 travels near the axis at a
second velocity that is substantially greater than the first. In the illustration, Particle
No. 1 travels through the first excitation volume before Particle No. 2, but the faster
moving Particle No. 2 overtakes and passes Particle No. 1 as they flow between
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the excitation volunes. Consequently, Particle No. 2
travel s through the second excitation volunme (and all
w@ehen4xioswnst r eam excitati on vol unes) bef ore Pee1/U81087/079761
No. 1. Asinple electronic tinme gate, triggered by
the excitatishngledegs. Contegugnitlys Sartigie didu @etdavays trrotgie tlesssecond

R o S s A B e
: Y@%@Hﬁ@e%@ctrd% fite té"’ﬁ@ﬁs | thd ruffh‘é %@gg%f Eﬁén?ﬁlggg

second vol u ossi bl e“to“determ ne |f
produdes byppantioleedretyﬁlmgumrsag’e tlpmfltst elxeitathoat valunr@geayemlss a

t I . Th d
fraglion. B teeodines fufscietpnd ol IEbmeatt. i tidkg gases where a
pulsrig lr'@ébrbl@@ ir tHeSée@ﬁ@l V@it YO InsBssile té BBtdrie if it is
required for the particle to 10 reach excitation

prodilogadyy thiesganag padisieiat iggared the gatef i rst. Pul ses
produced by a particle as it travels through the
do r [, O u t . .
e B PRl U TR TR e Bl g hercte s
flodstthrougecthe siesttexeitatisrevolame dred weetime rtaquug@jafomlge pattivte to
and a ti mafV%at e i s accuratel é?cal culated fromt

regd) @&'@06 tunees tahges ARynpapamdrem the drsly @b&f’:ﬁﬂ progluced by a
I

peBl L e ST el iy b oo

to the pgjses rrgtmLﬂrs’asolum usamg/theaveloﬁtwdaat HBeoaeisedhe yntefval

h L t t
befifs e%ﬁ%ﬁﬂé%é%&tﬁ%%@ﬁé%%?&% S s e Eeyain ol b
ve%cﬁ?bﬁ‘ b r@beﬁﬁ{; folaficke, TAY préb ARt F 'r’r‘ﬂ§§1hgfdu%skbfr inaccurately
performng vel ocity calculations for the”pul ses

asm@amgathe pulags ircdownstegam lecitation valumgsedtietnsftriggering pulses
Ize in the first excitation volune triggers a
is Y@X Y¥enent window in a second excitation vol ume that
is wide enough to include all possible transit tines

bet @ide theevdlvditytofand pastieiseapprodbriataly\cohgtas as they flow
pul ses pr.oduced durlgtg1 the wi ndow wi t h appr.oxi nat el

threagmtheaemlt?épn\»@waﬁﬁ o (A3 eSPTOOHESd b PaEoAEE RETIdRMAY
als%eo@ ?ﬁll ?Bgﬁ% tes '@08 &él&ulﬁtlogé o‘%@’%b%gé plﬁ%&ced in all

exanp 00| correction o
zoma@lt i thletisingred gecafoa palseen \me first bxmtatmewdlunnmtﬂggejersra
mqjagll': sté em%éﬁiwimldgg\blln:a{ g;éprr@@ e @Emrv% %gﬁaﬁ{tgs? yv,dae (ejn(\),\ﬁgdﬁ Po include
all i%%él'b?é’i@nilf fReS¥Ydeerd ﬁ'?é‘ﬂ%'t 984 %écoﬂ_@ bRcifRioR \)‘W@mes pulses
gener ated by passing manmalian cells that were
pradumiedetiirinigt thetwisdowoVitteapDRAIsatalynequsl deridative vajdesl ¢velocities)
ygrage vol une flow

mey o SPESE0 e et B e Sime Pari
EXAMPLE 1

This example illustrates velocity correction of area and width data in
accordance with the present invention. FIGS. 11A-11B illustrate uncorrected area
and width data from a capillary cytometer, EasyCyte®, available from Guava
Technologies. This data was generated by passing mammalian cells that were
stained with the nuclear DNA stain, propidium iodide (PI) through the instrument at
an average volume flow rate of 125 pl/sec.
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WD 2008/ 042718 PCT/ US2007/ 079761 Propi di um i odi de

(PI') was used as a nuclear DNA stain in the cell cycle
w@swap427e8 di scrim nate cells at different stagesT/v820011€79761

cell cycle. Resting cells (GO Gl) contain two copies

of Eaghidiim @ukd® (Rl wis weld s begicleat YINA Bin trhihe cell cycle

asg n&gig%‘:é{%ﬁ’}c@gé‘q%? sg%@%\rﬁ%@%ﬂ&%? ,q;@erl(g:gigie Fﬁﬁestang ceils
(be{“ﬁ’( Sin4Rb! dopiid oﬁé’ém fosoble) Sé?ﬁﬁ&?ﬂ@%iﬁ%y&% Vhey

At this state uore
symi@weaetdﬁmmblomﬁesﬁa&lﬁcés phasesi Riyorestetitengibir@h the DNA

BB, Pt S0 R SN R Ao 1B

phéé@ﬁeﬁt Eﬁfs ét@ﬁa @iﬁ‘é GOV s f hﬁﬁeéﬁedhih Bk hé ﬂu@e@ceﬂée Btensity

shoul d be sharp épeake and the area data in
of he @ﬁéﬁi @Opmi@taaav he QM cela ewtﬂéikm@wmtwﬂs
contents in different stages. Because the particles

LT vl Rtk BaRI0CHNBARIEL YRR dihD NChEE! B width

V\BVG uncorrec ogram

dataninAFIG. 11B $hdudd e shabplp pearealandride bhea ahtzpie RIG. 1tiAeshould
uncorrected area histogramin FIG 11Ais not i

haye 8 qualitative fpf:mrﬁ M RYIA WeBWPQﬁ?@ePF}St@Q\efi;M@US‘E the
paﬁ%i@fqa%éliég Threiigh }I‘?@e}a%t%ﬁ%l&rﬂérﬁﬂ{ Sﬁeﬂﬁé @ﬁgcit@s%owever,

eal-tlrre correct
theaoccorddaigd wodthhestpgese i Fll@via‘rB rfcmms dbeodd pealgpaditioé shape of
the velocity-corrected data,in F 2B.is a .
the dReaiEC R PR RIS M Chrld ARGt i e cghiafiis ot Showing
Dw@bgﬁﬂetnys Fadiffefdnedtfeda data in FIG 12A qualitatively
shows the cycle stages. The velocity corrected data

of FIGS. 12A-12B may subsequently be 20 anal yzed usi ng
t he HeShh2fuiedB showepgestastdaip. ofth>G§| il i\ntEe atieutgiaétime

vehfly BOERERTL Berdt PRSP Ty ol s BBtaR i 1he
velocitg-cofrebd widtio datf inddG. vasli |S%Sn@rﬁ§1lN,Qﬁélll-deﬁ@ed peak and the
vel ocities according to this invention

histegragppi theatslemly-carmated aegn dalgde Fdet &?‘P\éﬂJa“Fﬁtt\/ﬁnghOWS the
r b
cy%b%?%é{s“vghengg%ggﬁg:gﬁ%@ﬁegtc%éé Of %?Gg Y?Ré‘lzzﬁr@%g estu%Sequently be
analyzed iusadg theeedmlques; oW \tdrstat etctdvhoaellnmgaterrmmirartd afigregate-
i nvention. For exanple, the invention may be
geB?@é?q‘@H €8y using fornms of the Savitsky-Golay filter
corresponding to polynomal fits of higher degree

and'it‘i/(/llltb'éeobiﬁ&@{fo tﬁBé@ sHfka nﬁﬂié‘ﬂéwl%?forﬁéth‘ﬁéhﬂhétQHe réél time
described in "Snmoothing and Differenfiation of

calsulgtionfaf sig¢rivatieas Sulipedislescelpeities ageersing w:thmanentlon may be

us§§¥6rt%®flc%@w@%g tq%ﬁﬁ%e’f‘éﬁred“ﬂ%%td g&!}slﬁge'pu%h&more it is

obvious that the derivative may be calculated using a wide range of numerical
techniques without deviating the spirit of the invention. For example, the invention
may be practiced by using forms of the Savitsky—Golay filter corresponding to
polynomial fits of higher degree and/or the use of more data points per calculation
as described in “Smoothing and Differentiation of Data by Simplified Least Squares
Procedures,” Abraham Savitzky and Marcel J.E. Golay, Analytical Chemistry, 36,
pp- 1627-1639 (1964).
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22 WD 2008/ 042718 PCT/ US2007/ 079761 Those skilled in

the digital data processing or flow cytonetry arts
wowdios/osxas | ze that the invention may al so be prPEUSET079761

usi ng el ectronic conponents that are different than

t hoJeoséawiliedn EHedigital diatanﬂtotéssuhgaor fldb\lveEytmhe:tuy atts ovill realize

of the pul se derivative na rforne

thafdlae éneadoningdy asodegpractics H%'le Qe G?W){)Pﬂﬁ'ﬂtsl thatare
dlffia‘i’@ﬁtrtﬂkl &0 sifoih §1 PRE Oﬁeﬁﬂg% |€ﬁ|a?|th§rdé Ié‘t%nc&""thﬁgulse

unr t UMer ous component i nat1’'ons,
dedvafiveainaglbecpertorimes ynd d@ldg]md Filgﬂiebsgnalgyraces&ngmlrmat that is

uielgqﬂto convert the anal ﬂg t%na S tF #gblt al data and i

coptipler BY 8 TIECRIBFYSRON ) MG MAtiE CORfrgl vt~ Bmeroghgomponen

coWrﬁéIld)ﬁsekWﬁ eNirfe @l@ﬂ@l@é&?@ﬂl&@ﬁh@%ld@?&%é&#@ ar trﬁﬁy be
[ ow cytometry i nstrument or connected to it uSing

usa@m opnyeit thecarleg signals texaigiialedata mdmmme@h@d@awatwe of the

oififietle” ¥ fEERRRep Db PRR PR mal s g e fow
cylmystrciabirdmeepar abmédtemm \%é}@pﬁro prigte daud8.aFor example, the

capillary flow cytoneter. 2008/ 042718
A Q@16 Ay bligaprageasor fsn@mwvv&m HIGA msyHiheysed in

tw@@@b%ﬁt@ %Ie%'tpoﬁﬁ,s?rfafs%(\}] @ at E%H%élgﬂ@ts%rpar&e%rﬁ Rach other and

pass an exclt
frovmialwplllafy Aow elyerhetenagnet i c rad| ation and interact
with the el ectromagnetic radiation to generate signals
in the formof pulses, the nethod conprising the steps
of : generating a tine-dependent pul se indicative of
the characteristics of one or nore particles passing
t hrough the excitation volunme of the el ectromagnetic
radi ation; determ ning a neasurenment w ndow by
selecting a portion of the pulse with a starting point
and an endi ng poi nt above a predeterm ned val ue; and
calculating a first derivative of the pulse with
respect to tinme over the neasurenent wi ndow. 2. The
nmet hod of claiml in which the tinme-dependent pulse is
generated from |ight scattering of the one or nore
particles interacting with the el ectromagnetic
radi ati on when passi ng through the excitation vol une.
3. The nethod of claim1 in which the tine-dependent
pul se is generated from fluorescence of the one or
nore particles interacting with the el ectromagnetic
radi ation
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when passing through the excitation volune. 4. The

nmet hod of claiml in which the tinme-dependent pulse is
w@eoena7esl by passing particles through the erRCT/USI00T079761

volume in a capillary flow cytoneter. 5. The nethod of

claiml in which the determ nation of the nmeasurenent

Wi ndow is carried out by determning a ratio of an

itu he starting or ending point of the
WHATRS SRS |

to an anplitude at a peak of the pul se
above a predeterm ned value. 6. The nmethod of claiml

f unt emetierdof sndigzing @otsekyftarg aaflgwe condtet imewlich $rticles in a
_having an approxi mate zero val ue of the fjrst
fluidRASSRIUGE AMheRGAIPOFobiMe ob aRIEleGiTaRRONGHiA Relation ang interact

with 4RO/ Eﬂ%prfé%/rbﬁ%ﬂ F{/t&g;gﬁéﬂaté sighaf FRhBGmRbr BLREE, the

further rirsing 1dentiryrng maxi mum of t he
metloed comprigiag thalstepsadfing a ratio of the identified
Xi mum t o

i dth of. t se. iop, and
Ui BPaR BN 2 g denenngnipulee Biicvelitithe Darftlsties of one or
moré& Pafttled Sﬁ’séngéé 'tH}ouéh tﬁé‘@x&?&t%ﬁ%dﬂﬁmé'o@&ﬁ@ élefc%hﬁ@!fnetlc radiation;

conprising identifying the nunber of points
t héemmm@meawmmt maivdaw bairsesgniingé n@rﬁlenzértfme pulse with a
f t, he vative iindicative of th

Star‘i’ﬂﬂTB%'P grd BQr‘?WO@”%BOWﬁQFOY%?eqf GHEEHNNFG YUY at i on

r aghlatila®ig sAfirsedsmERiveidTehe BulsEhgitHTRispedt & tirab dver the
further conprising calculating a velocity of the

measHrementeving@¥si ng t hrough the excitation vol une using
the first der|vat|ve fromthe followng equation: a.k

V E 'I*M%%@th\éd' trﬁﬂlh etheet[rﬁé filege?{&éﬁ’tcdl}lé/e isgdrierated from

he’ maxXi numva ue 0 eriva
Iightmttéﬁbgbdﬂre oé bvedre ,paﬁtlu:kes mter‘aetm@mhuhe eledtroenagnetic

functjon, P is the se h and k is a scaling
radigtiqny when P@SS“ﬁﬂé}"fPéH%&he&XC 7 r}ﬁ’@ul’fﬁ? which k is
cal cul ated by: re-BW k= 4
3. The method of claim 1 in which the time-dependent pulse is generated from

fluorescence of the one or more particles interacting with the electromagnetic radiation

when passing through the excitation volume.

4. The method of claim 1 in which the time-dependent pulse is generated by
passing particles through the excitation volume in a capillary flow cytometer.

5. The method of claim 1 in which the determination of the measurement
window is carried out by determining a ratio of an amplitude at the starting or ending
point of the pulse portion to an amplitude at a peak of the pulse above a

predetermined value.

6. The method of claim 1 further comprising identifying a point in the pulse
having an approximate zero value of the first derivative indicative of a peak in the
pulse.
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where BWis the 1/e2 width of the el ectromagnetic
radi ation. 11. A nethod of anal yzing pul ses froma
w@2p8l04218 fl ow cytoneter in which particles PEI/ES2007/079761

fluid pass through an excitation volunme of an

el ectromagnetic radiation beamand interact with the

el ectromagnetic radiation to generate signals in the

f o7 mTle mptiosles, claihe et erdonopnying idemtifyieg atregamoim of the first

.generating a tinme-dependent _puyl se.indicative of fhe
derigiiipa EelsHIRLne P o tha dantiied sty ia hedtigh ehbe puise
port%ﬁc bh&b‘if%ieﬁf?étweﬁ% 'slhgﬁéiﬁfrd?ﬁﬁ'ddlﬁ‘ﬂ%t ddiyMHeY EERBRIG ratio.

etermining a mfasurénment w ndow by selecting a
portion of the pulse with a starting point and an
endi Eodapflaina’ furdritconmprissny igentigin@ hemmber of points

dnépd
. /1 Q427 PCT/ US2007/079761 asur.in | u :
ity B8 P E Bl MR Padd gt pRoTRRBLHe b it B g
derigdtivienadicative 6f preriuraber siadartitias itdr iteradtstitieie asaithdén radiation
of the pulse anplitude with respect to tine over the
at a gaEulefent wi ndow, calculating a velocity of the
particle passing through the excitation volune by
Usgﬂgrhte*}ﬁeﬂgiw'@éiﬁ#; frdrRdr c%‘?ﬁbrYs%q Eglbu%?iﬂp%oxyélﬁ&w O&he particle
t he neasured val ue of the pul se portion usfng the
passiad thrbagk dhe ekoitation vaddmehusingaihtel fobederhativé ionmtientollowing
of claim1l in which the velocity is calculated from
equalRnN: £ ol | owi ng equation: a.k V P where Vis equal to
the particle velocity, a is the maxi num val ue of the
derivative a = max[ (Abs(derjvative)] , Abs is the
absol ute val ue functiok,=P;rs the pul se height, and k
is a scaling factor. 13. The nethod of claim12 in
which k is calculated by: re-BW k= 4 where BWis

whetd¥ id/egdalotthB peirtidl@eeRicRg! d G@abkinuradhaRrid 6iithe derivative
o = max[(A4bs(derivative)|, Abs is the absolute value function, P is the pulse height, and

k is a scaling factor.

10. The method of claim 9 in which k is calculated by:

_\/EOBW
4

k

where BW is the 1/e2 width of the electromagnetic radiation.

11. A method of analyzing pulses from a capillary flow cytometer in which
particles in a fluid pass through an excitation volume of an electromagnetic radiation
beam and interact with the electromagnetic radiation to generate signals in the form of
pulses, the method comprising the steps of:

generating a time-dependent pulse indicative of the characteristics of a particle
passing through the excitation volume in the capillary flow cytometer;

determining a measurement window by selecting a portion of the pulse with a

starting point and an ending point above a predetermined value;
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14. The nmethod of claim 12 in which the correction of
the nmeasured value is <carried out by multiplying the
worems42a8 val ue by the corrected velocity of tPEI/US2007/079761

particle. 15. A nmethod of anal yzing pulses froma

capillary flow cytoneter in which particles in a fluid

pass through an excitation volune in the capillary

pantaaaltipg defdlune df tHeypudse ebe@rinomgingt the width, dicigitt or area of the

beam.and interact with the el ectromagnetic radiation
PulsSEPORUNEr at e signals in the formof pul ses, the nethod

Cowﬁb%&iﬂg d 18t &RRitiveTof tIe PEIBLAABIitAdE WP 1é8pEadBime over the

pul se I ndicative of the characteristics of one or
measuramerlrwindbes passi ng through the excitation vol une

in_the capillary.: WO 2008/ 042718 PCT/ US2007/ 07976

deraPfiefithg i GraRaATIKIE Rasey oUSBITe factaton volume by
usingahé icarcutdted st RIErEtiVE; tdhga starting point and an

endi ng point above a predeterm ned val ue; cal cul ating .

a eerrettingeihevacaswegdvalugopiiequisg portioad)sitg theocaleytated velocity
(ﬁtwggamége measur enent w ndow, determ ning the nunber

of*1Ines (n) that the first derivative approxi mates a

zer al ue W thin.the neasu nt , wi.ndow, a

i 1 P bR e i1 FERGER TR Mo tis FoicrBled rnpeine
follo@ing e§®@stidm) in which the pulse is a singlet when n

is 1, a doublet when nis 3, and a triplet when n is

5. 16. The method of claim 15 in which the

ti me-dependent pul se iifgg@@rated fromlight

scattering of the one or npre particles interacting

with the el ectromagnetic radiation when passing

through the excitation volune in the capillary. 17. = |
wherig iseaHabtodhe pagiicie ¥slacky whikiherRaximura vabiseeidbaderivative

_ [ t ; it :

@ = BB ORIRER, s S M RSB THE Ry or, P Mg pise height, and
k is badhmid fittaen passing through the excitation vol ume

in the capillary. 18. A nmethod of anal yzi ng pul ses

froma capillary flow cytoneter in which particles in

a fBuiTegasthodiycilriim 149w whichdr 8 Galeulatedih vol unes

partially defined by two or nore el ectromagnetic

radi ati on beans and interget wth the two or nore

el ectromagneti c radiat%qnzgﬁdﬁgenerate signals in the

form of pulses, the nethod <4onprising the steps of:

generating a first time-dependent pulse of a first

par excitati,on volume in

icl i hr. fi ]
el PP B e e it e Sediocedi et atBiola: i ve of
t h"?4.f I'Ifhsetmte{h%%_oqfeé?éalpnd? Q t|n \R/ch%ethg\é:%rrre%tion of the measured value is

carried out by multiplying the measured value by the corrected velocity of the particle.

15. A method of analyzing pulses from a capillary flow cytometer in which
particles in a fluid pass through an excitation volume in the capillary partially defined
by an electromagnetic radiation beam and interact with the electromagnetic radiation
to generate signals in the form of pulses, the method comprising the steps of:

generating a time-dependent pulse indicative of the characteristics of one or

more particles passing through the excitation volume in the capillary;
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measur enent w ndow, calculating a first velocity of
the first particle using the first first derivative of
w0 b@8/0§271&t ti me- dependent pul se; generati ng aPGEUSNI7/079761
ti me-dependent pul se of a second particle passing
through a second excitation volune in the capillary;
calculating a second first derivative of the second
t i detedmrengl @arheasurement evindow g aelaatimgre pavtiod @fithe puM® with a
2008/.0427%8 PCT.USZO.C)g/ 79761 8al cul ae%\gaq a second
starijRg eint gne AN §Nding pein 389}‘? AIredgSImY! Yecond first
de&él\é?Fa‘tiHﬁ Pfirst H?ni\?a%@r!ﬁ thé PBrSESRE cPid e RBFthe
correlating the first and second ti me-dependent pul ses
mealsyreroemiawindgwt he cal cul ated first and second

lLocity.. 19. Th t hod of im 18 in which the
{ PeErlning e, ATpRRor oS nblidt e frst QetfRiR ArtF arimptes a zero
valubhv@tRin i inesgafdreéntigingbwt BAdT i rst and second
particles interacting wth the first and second

el differentiagingtthe puisei ueIng e delermpessnugbeneidinges {mdn which the
LSt excit atl I8 d:
pushi€ 215 AgEh yRERRIN 4Bl g 103, OB TBEAYE R
pul ses are generated from fluorescence of the first
andic s dtenderadtofdiaim 1 Hirewhichithg tinvg-tepéhaeritipuide Brgenerated
o GG A e PSR R PaLICAY oy et i i oot

radlcaplYvﬁgﬁ?a%gggﬁﬁgi%gutﬁgﬁg?é*@gﬁ?%J anI gg§iC?gIllaQ§stem
directing an el ectromagnetic radiation fromthe source

of 17i die methodraf atzipi 19 &r whichidbeftiorertapensend peilseatsiganerated

volume int capillary tube: means for causin :
fromt i Seatbe & a8 AR T s e e Bt PV BB Serisamasnetic
radiat@ri@WReh fﬂ)as@thhrddgh tAdrexicRatRsn VolLiRTeAiRtthyickpillbRe

el ectromagnetic radiation to scatter |ight and/or

emt fluorescent light; nmeans for detecting the , ,

f 1 l8r ésetiod elgialyzng pelses fram @ caniljask dowsgydomgiag g which

ol 7 SRR R0 ATt RS KRy BBfned by o
or mar@@teetromagnetic radiation beams and interact with the two or more
electromagnetic radiations to generate signals in the form of pulses, the method
comprising the steps of:

generating a first time-dependent pulse of a first particle passing through a first
excitation volume in the capillary;

calculating a first first derivative of the first time-dependent pulse over a
measurement window;

calculating a first velocity of the first particle using the first first derivative of the
first time-dependent pulse;

generating a second time-dependent pulse of a second particle passing through
a second excitation volume in the capillary;

calculating a second first derivative of the second time-dependent pulse over a

measurement window;
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22. The apparatus of claim 21 further conprising nmeans

for detecting scattered light in the forns of pul ses,
waeasoeans for calculating a first derivative PET/UR®07/079761
scattered light pulse with respect to tine over a

measur enent wi ndow. 23. The apparatus of claim 21
further conprising neans for calculating a velocity
of célbelating ta sdcondsieharitylaf thalseabrd pdrticle ssingéie gatondefirst

28 :
derivative of the second time-dependent pulse; and
correlating the first and second time-dependent pulses by comparing the
calculated first and second velocity.

19. The method of claim 18 in which the first and second time-dependent
pulses are generated from light scattering of the first and second particles interacting
with the first and second electromagnetic radiations when passing through the first and

second excitation volume.

20. The method of claim 18 in which the first and second time-dependent
pulses are generated from fluorescence of the first and second particles interacting
with the first and second electromagnetic radiations when passing through the first and

second excitation volume.

21. An apparatus for analyzing particles comprising:

a capillary tube;

a source of light;

an optical system directing an electromagnetic radiation from the source of light
to the capillary tube forming an excitation volume in the capillary tube;

means for causing particles in a fluid to pass through the excitation volume in
which the particles interact with the electromagnetic radiation to scatter light and/or
emit fluorescent light;

means for detecting the fluorescent light in the forms of pulses; and

means for calculating a first derivative of the fluorescent light pulses with

respect to time over a measurement window.

22. The apparatus of claim 21 further comprising means for detecting scattered
light in the forms of pulses, and means for calculating a first derivative of the scattered

light pulse with respect to time over a measurement window.

23. The apparatus of claim 21 further comprising means for calculating a
velocity of the particle using the calculated first derivative.
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