WO 01/85913 PCT/ US01/ 15150 HI GH PURI TY X- CHROMOSOVE BEARI NG AND

Y- CHROMOSOVE BEARI NG POPULATI ONS OF SPERVATOZOA 1. TECHNI CAL FI ELD

| sol at ed Wigghi/sgemsi ty X-chronosonme bearing or Y-chronosone gggaidondsiso
popul ations of spennatozoa and technol ogies to isol ate spernatozoa,
particles, or events based@Mpon differentiation characteristics such as

mass. vol uFHGIDRIRIBYCERTROMQIQME RRARING ANIAGKEHBINBOSIYIE

purity X-chronosone beari n ﬁgj Wf%popul ations of
sper mat ozoa can be utilize o r%%. i r invivo artificial 10
insem nation of or fertilization of ova or oocytes of nunerous mammal s such

as bovids; equids, ovids, goats, sw ne, dogs, cats, canels, elephants,
oxen, buf flal o, TECHNECALKBELBee also, United States Patent 5,135,759,

her eby i ncorporated by refer e. However, conyentional technol ogies for
separating sperIﬁ%}f“i’ng‘élg ggni’éWB?ﬁi’%]?@nB%QFl n@ﬂ%asomf‘c PeHRSsone bearing
popul at i I ty.
Regar dl eésjgj% Bﬁﬁﬂﬁﬁse g?%e{tﬁ?%ﬁ%ﬁe gé&ggee%rﬁr)aﬂtg g@%a %lave r?g’taﬁ/ e%é ?i(l)vaféﬁ#el y
separ at ed ba@é@uﬁémhffamwm cheatterigiadndcl & Nfags)vahimes, AN Alwatent) @r tiseiem

sanpl es having high purity, such as 90% 95% or greater than 95% A nunber
of techniques, directly or indirectly based on differences in size, nass,

or densit hav %osed Wi th respect to separating X-chronosone
beari ng f m Y-E\B‘ggﬁﬁgrj%rmsorre beari ng spermatozoa As discl osed by United

States Patent Neolattd4i; %ﬁﬁ_@y Xacthbiaydsthe bAHAS of ¥-PdthdRehd Keafthy sperm cell's
r

si mul t aneously and X- onosone bearing and Y-chronosone bearing
sper mat 0z gepnjionhefspbendicroh gte e ntilizhdfth eccomplish omvitrows in vivbhdifigdpar at i on

medi um_ Uni ted St at 5,514,537 discloses a t chn' u er eby
Sper mat ¥ B ais o5 FRB TR GCRAR WDt CABIGP ST hReS ger

X- chr onos 5 I SHREL r@:%g t I C ai ni ng
t he Iarge%qgledgdos&&@ Pélﬁg the’ IZéIagSr Qﬁﬁ& r}r)li)igltll)t?re ea%f%g? g%?réﬁlg{teog%g
becone i salsat Eaited Stales Hawyleﬁ,lﬁﬁ),ﬁﬁ@,lhme’mg mdmporsﬂeﬁbyeéfeﬂeﬁ&ds United States

Pat ent No. 4, 605, 558 di scl oses that spernmatozoa maybe 1 WO 01/85913
PCT/ US01/ 15150

However, conventional technologies for separating spermatozoa into X-
chromosome bearing and Y-chromosome bearing populations can result in spermatozoa
15 populations having low purity. Regardless of the separation method spermatozoa have
not been routinely separated into X-chromosome bearing and to Y-chromosome bearing

sperm samples having high purity, such as 90%, 95%, or greater than 95%.

A number of techniques, directly or indirectly based on differences in size, mass,
or density have been disclosed with respect to separating X-chromosome bearing from Y-
20 chromosome bearing spermatozoa As disclosed by United States Patent No. 4,474,875, a
buoyant force is applied to all sperm cells simultaneously and X-chromosome bearing and
Y-chromosome bearing spermatozoa may then be isolated at different locations in the
separation medium. United States Patent No. 5,514,537 discloses a technique whereby
spermatozoa traverse a column packed with two sizes of beads. The larger X-chromosome
25 bearing spermatozoa become isolated in the layer containing the larger beads, while the
smaller Y-chromosome bearing spermatozoa become isolated in the layer containing the

smaller beads. United States Patent No. 4,605,558 discloses that spermatozoa may be
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probl emwi th conventional flow cytoneter technol ogies can be the 2 WO
01/ 859113 PCT/ UsUaw Lytd@teter techniques for the separation of spermatozoa have also been

disclosed. Using these techniques spermatozoa may be stained with a fluorochrome and
made to flow in a narrow stream or band passing by an excitation or irradiation source
such as a laser beam. As stained particles or cells pass through the excitation or
irradiation source, the fluorochrome emits fluorescent light. The fluorescent light may be

20 collected by an optical lens assembly, focused on a detector, such as a photormiltiplier
tube which generates and multiplies an electronic signal, which may then be analyzed by
an analyzer. The data can then be displayed as multiple or single parameter
chromatograms or histograms. The number of cells and fluorescence per cell may be used
as coordinates. See United States Patent No. 5,135,759, hereby incorporated by

25 reference. However, with respect to this type of technology a variety of problems remain
unresolved and isolating highly purified populations of X-chromosome bearing or Y-

chromosome bearing sperm cells be difficult.

A significant problem with conventional flow cytometer technologies can be the
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surrounding the droplet in a manner that interferes with subsequent droplet formation or

with proper deflection of the droplet. As a result some of the spermatozoa may not be
20 analyzed at all reducing the efficiency of the procedure, or may not be resolved
sufficiently to be assigned to a population, or may be deflected in errant trajectories, or a

combination of all may occur.

Another significant problem with conventional flow cytometer technologies, as
25 well as other technologies, can be a coincidence of measurable events. One aspect of this
problem can be that the incident light flux from a first event continues to produce signals
after the incident light flux from a second event starts to generate a signal. As such, the
two events remain at least partially unresolved from one another. Another aspect of this
problem can be that two or more events are simultaneously initiated. and the incident light

30 flux comprises the contribution of all the events. As such, the multiplicity of events may
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Another significant problem with conventional flow cytometer technologies, and
other technologies, can be that irregularly shaped objects, such as spermatozoa, generate
differing signals (shape, duration, or amount) depending on their orientation within the

20 excitation/detection path. As such, individuals within a homogenous population can
generate a broad spectrum of emission characteristics that may overlap with the emission
characteristics of individuals from another homogenous population obviating or reducing

the ability to resolve the individuals of the two populations.

Another significant problem with conventional flow cytometer technologies, and
25 other technologies, can be that objects are not uniformly exposed to the excitation source.

Conventional beam shaping optics may not provide uniform exposure to laser light when

the objects are close to the periphery of the beam.

Another significant problem with conventional flow cytometer technologies can
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violet light to cause the stain to fluoresce. This irradiation may affect the viability of the

spermatozoa. Due to these various problems, it may be preferable to use a method that

requires less or no stain, or less or no ultra-violet radiation, or less or none of both.

With respect to generating high purity samples of X-chromosome bearing sperm
20 cell or Y-chromosome bearing sperm cell populations (whether live, fixed, viable, non-
viable, intact, tailless, or as nuclei), or generally, with respect to detecting small
differences in photo-generated signal between serial events having relatively high incident
light flux, or with respect to orienting irregularly shaped objects in a fluid stream, or
eliminating coincident events within an optical path, or removing undesirably oriented
25 objects from analysis, the instant invention addresses every one of the above-mentioned

problems in a practical fashion.

IOI.  DISCLOSURE OF THE INVENTION

A broad object of the invention can be to provide isolated high purity X-chromosome
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of the invention can be quite varied.

Another broad object of the invention can be to provide X-chromosome bearing or
Y-chromosome bearing spermatozoa samples (live, fixed, viable, non-viable, intact, tailless,
20 or sperm nuclei) having a graded level of high purity in the range of 80%, 85%, 90%, 95%,

or even greater than 95%.

Another significant object of particular embodiments of the invention can be to sort
spermatozoa into X-chromosome bearing and Y-chromosome bearing populations having
high purity even at high separation rates. The high speed separation can produce live sperm

25 of each sex at rates of about 500, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8,000, 9,000

or even 10,000 per second, or higher.
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i nvent i 0N spaindISzdathatBBUALeH ReeIYipagLy. el ectrons migrating fromthe

phot ocat hode of a photomultiplier tube to the first dynode. Another

significant object of particular enbodinents of the invention can be to 5
reduce the total flow.of..el ectrons.to the N electrode.of .a photonultiplier
t ube. Anot her s/lr‘llﬁ{ii?ri %WcﬁjobﬁpB#aﬁﬁch@BF#O‘g‘WB PHABGLVEop£an bERnt i on

can be t o0 paddeRWt the sex of offspring of females inseminated with high purity artificial insemination

samples, the sex of offspring of ova fertilized with high purity artificial insemination

samples, with selection success rates of 80%, 85%, 90%, 95%, or greater than 95%.

15 Another significant object of particular embodiments of the invention can be to
differentiate between photoemissive events having small differences in total emitted light

flux.

Another significant object of particular embodiments of the invention can be to
substantially eliminate or reduce the amount of background noise generated by a
20 photomultiplier tube, even in the absence of light, during the period after exposure to high

incident light flux.

Another significant object of particular embodiments of the invention can be to
substantially eliminate saturation of the photocathode of photomultiplier tube(s) used in

conjunction with flow cytometry, or otherwise.



increased light flux to the photocat hode of the photonultiplier tube

W t hout proportionately increasing the anmount of background signal
gener at edwoyitsieisphot ormul ti pli er tube. Anot her signifi cantrcabysectisich
particul ar enmbodi ments of the invention can be to 10 increase the signal

to background s&gnﬁl ratio from measur ed phot oem ssive events. Another
significant obj/eRethey significant pbiget ehpadichdhembadiments ofntheAby@Hon £an e too

phot oml 111 ar e HReog, At R nTrabiiE 5L ARPLhAEATRRL AL BB Mptiecsitesp 1 g

i nci dent |thglfitstidynxdeevents wi t hout saturating the photocathode of the
phot ormul ti plier tube. 15 Another significant object of particular
enbodi ments of the invention can be to increase the apparent resolution of

chromat ograns o i . r i [Qn [ Ed N fd war.ochr.one st ai ned
sperm or ot her&é@?@}s,&g%l?ig%}t hoelfe%l&%jlf @gj?{sc}lﬁﬂ]g\ﬁ/lf%ﬂ%u%%gsl (I’tl tg‘f’fuf“éelpgﬂ%ecgn itbﬁ to

em tted 3 irghiceflthetotal fow ekelédnmhs NtheN ébarddewnd phbteainlgHeoides) . Anot her
significant object of particular enbodinments of the invention can be to 20

i nprove the calibration of sorting flow cytoneter instrunents when used for

sorting sperng <Anot her .signi ficant obj.ect. of..particul ar .enbogi nents
of the inventi o}ﬁ&(?:tg% Sb%h C(%Ht Olbllﬁgllt g%’saéﬁﬁaé e‘é“%g%ﬁeg%rof f}%dn‘fe&flgn S l?elqg\?ﬁow

cyt omet er iaysisedsighS1AQo Old HoBkath b 61450 phdkbhaRipliANab @ithshigRbhdrEamtielpbj ect
of particul ar enbodi ments of the invention can be to increase the purity of

t he sper misgspiiestheemaosat ofbackgraned sishal eyeratag by Herphotaymilfipiaritbobj ect  of
particul ar enbodi nents of the invention can be to provide techniques for
the sorting of X-chronobsonme bearing spermfrom Y-chronosone 5 bearing

sper m wher e t hesgoth&r dgifiBadt dbjdct 6F PRER AP efiBBdiRBANST BE 1YvenibR ¥RS B8 DNA
to the amount of X chronopsonme DNA relative to the total anount of nucl ear

DNA. Anbt Hegreasedhe sigaalrie betljgenmd signphiatip diohamessutridihetastdssife avisrtsi nvent i on
can be to provide techni ques which inprove the apparent resolution of
hi stograns generated during the process of sorting X-chronosone bearing

sperm from Y- chAsTR&QIBiRaAT Jbidt SRk Cmbbdithefts o Y i89EhAFR EST be tAARGRET

significant object of particular enbodiments of the invention can be to
increased amplification of the signal generated from the photomultiplier tube during high
incident light flux events or serial high incident light flux events without saturating the

photocathode of the photomultiplier tube.

15 Another significant object of particular embodiments of the invention can be to
increase the apparent resolution of chromatograms or histograms resulting from sorting
fluorochrome stained sperm, or other cells, or other objects, having small differences in

emitted light flux upon excitation of the bound fluorochrome(s).

Another significant object of particular embodiments of the invention can be to
20 improve the calibration of sorting flow cytometer instruments when used for sorting

spermatozoa.

Another significant object of particular embodiments of the invention can be to

increase the sperm sorting rate of flow cytometer systems.



provi de beam shapi ng optics which mnimzes coincidence of objects within
the excitation/detection path. Another significant object of particular
enbodi menw® @fsseize i nvention can be to 15 provi de beam straaiwvsyi1/opiso cs t hat
m nimzes the total |unens an object is exposed to traversing the
excitation bea e aspect of this object can _be to decrease the total

| umens an obj g%‘?c’%}g %&Isgﬁaé’él opget JREQ War sapadimegts qfiing ipysnEer cambera t o

i ncrease tiﬁ@fegﬁ%ﬁég‘%@yﬁ’?ﬁwﬁlﬁ%@‘ﬂEaﬁﬁ@?%%ﬁe}ﬁ%’;/%%%}}‘@@%ﬁﬁsi ng the total |unens

t he object I's expo of particul ar

enbodi nents of the invention can be to 20 provide beam shaping optics that
all ow for uniformexpagsure of objects that pass, throufqh the optical path.
Anot her si gni f i‘%%fﬁ?eroﬁg@gﬁa%fobﬁ&lf of partisulap sbadimeptssoidghe tpventiay 6 ibrfocan

be to prqyj ; g o rdy. jeets in a fluid
stream gbgig%gegpﬂ @élésgfotrglget Stnogj{nlé%y %adr}fE %Igg#g?e o%%%ﬁ?%%%n%%igﬁtc%gfn@é Tin

t he sanmeS dieasiid sperfm whetathan th agndrdiffofenédibsheodm®@at of ¥ @RroB®sbfie DNL K the
dorso-laterally flatted objects in the sane direction. 9 WD 01/85913

PCT/ US01/ Bt ofaXshranosepigdPNACglative te) the totyfamonpt ofowickeer PRfodi ment s of t he
invention can be to fully encapsulate irregularly shaped objects within a
drop of fluid. Another significant object of particular enbodi nents of the

i nvention can bgndther Sglfitdirrodfect af pattiodias emdblivhetsi EMthe dnaties icén beam
desirably oriented objects in a fluid stream_ Another object of an
enbodi mentPreyide feehpiquenwhish impreve éhe appgregiicdelution elhistagianls deneraief slusinge

contrast ol herehy t he j.ect.- pl.ane consists of a fluid stream
carrying %ﬁﬁg{‘og&&g%qsg or gh%reorné%sf) %'abneéﬁr\}ﬁg?eggy The 'ﬁ%ﬁ’&%’?‘%‘rl%:%a%spﬁgnused

t o neaswy evitlhe flsivgy@dmételom the passing objects. 10 Another object of an
enbodi nent of the invention can be to provide optics that form two
| ateral |y separated i nages from each object in such a way that one can be

used to neasurg_ the act.ual .vol u and one to.determ ne.the .orientation.
This way, ob; eckro PR Tl P SRS pRRPURE SmbRGRERRIIR BE i SPh Bl bRk s
nmeasur emeffro@itle | bsany WhbpBg Capticd ewsichC afiiafizes TBbificideRR BE Mf&c@TRtitlShedeby
modi fications so that the |light pulses, resulting fromthese two 15 i mages
can be deteextaiwnidethspengatht |y using two pinholes in the image plane. Optics
are

Another significant object of particular embodiments of the invention can be to

15 provide beam shaping optics that minimizes the total lumens an object is exposed to
traversing the excitation beam. One aspect of this object can be to decrease the total lumens

an object is exposed to. A second aspect of this object can be to increase the power of the

light source without increasing the total lumens the object is exposed to.

Another significant object of particular embodiments of the invention can be to
20 provide beam shaping optics that allow for uniform exposure of objects that pass through

the optical path.

Another significant object of particular embodiments of the invention can be to
provide a nozzle that orients irregularly shaped objects in a fluid stream. One aspect this
25 object can be to orient elongated objects in the same direction. A second aspect of this object

can be to orient dorso-laterally flatted objects in the same direction.



tuned in such a way that a first inmage can give rise to a light pulse
proportional to the volune of the object, and that a second i mage can gi ve
rise to awlaagmsIpul se dependent on the orientation the oljcactsomasisnvhen it
was neasured. Anot her object of an enbodi ment of the invention can provide

f 20 i ng.f he.fact that t bj.ect s. t ai.ned
na ok P ui o ARTBRSERR PRt B b e R RO BB TR A
exanpl e, %E%P%géaﬁe%ﬁlaﬁzﬁﬂéﬂeﬁ@[ﬂe%%'wi'ﬂﬁﬂﬁdr&ﬂl&ﬁ]ui&i storting the image of

t he object. is corresponds to cylinder of higher refractive
index (water) than its surroundings (air). The conpensation disclosed in

this i ti ISt . | cyl | havi f ti
ndex | ouer ke SEREGIAATHGE Of 257 AR SR BIAE I OhRRHEIER 4GP Oechont &
of vari os1%)ifbaREste %H&'es'iﬁlf)l?ﬁ)gf‘eilaféﬁ o Rt YeshaB8 o@ﬁntﬁﬁ%%j BRGH 23Rid Reeanged

requires. By meking sure I ght” passes through this ctonpensation

el ement, the optical effect of the fluid stream can be conpensated by the
exactly opposit ehavi or .of the conpe tion elenent., 10 01/.8591

bt Ushi/ 15550 KnetPeir e of dn o SRR IR, 1 PEr F toohtosite BHSER e

t hr OUQhoUtiné%%f@&hc@édﬁ%st@échﬁ&@%y, SRR EDLY At @RpRAC s Rt a flu) stith Bfryin
DESCRI PTI ON OF THE DRAW NGS Figure shows a generalized flow cytoneter. 5
Fi gure 2 shovljeds sEimbmebt, \niné whefebp thpanepaplianechnfieawed (ot ronetes the Fggalr feoi8
shows a conpari son_of univariate histograns fromflow cytonmeters (#1, #2,
and #3) wiPhBESIERYISH I i fier invention (Figure 3A) with univariate

hi stograns for the sane flow cytoneters using a particul ar enbodi nent of
the anplification invention (Figure 3B) illustrating the inproved

resol uti®@n bet wegdthet-oblecoaimanibodadnt 00tha ithelticiuaa 9 $Op@vidk dphieahat@rm
popul ati ons of bovine spermatozoa. Figure 4 shows univariate and bivariate
hi st ogr amgwiol latpsalbyasapatptadnenases fiont pashabiet dis gralt ¢ oy ihabveseencar-ehssehdgonme

beari ng and_Y-chy onos beari.n opul at.i ons of . bovine sper,mtozoa. Figure
S ahows. urHAPELPE R VB OS e RP BBibe BE of B PR B R v
resol uti oot dfeREIBRBerYy RHIBRRSRER2RIRLIHIMBRGS ¥s CHLRARRER BB diB@RIddNThis

popul ati ons of bovi ne
can be accomplished by modifications so that the light pulses, resulting from these two

15 images can be detected independently using two pinholes in the image plane. Optics are
tuned 1n such a way that a first image can give rise to a light pulse proportional to the

volume of the object, and that a second image can give rise to a light pulse dependent on the

orientation the object had when it was measured.

Another object of an embodiment of the invention can provide a manner of

20 compensating for the fact that the objects are contained inside a fluid stream. The fluid
stream can be a cylinder of water, for example, which acts as a cylindrical lens, thus
distorting the image of the object. Optically, this corresponds to cylinder of higher refractive
index (water) than its swrroundings (air). The compensation disclosed in this invention can
consist of, for example, a cylinder having a refractive index lower than its surroundings,

25 although other compensating elements of various shapes and refractive index may also be
designed as the need requires. By making sure the light passes through this compensation
element, the optical effect of the fluid stream can be compensated by the exactly opposite

behavior of the compensation element.

10



spermat ozoa using a particular enbodi nent of the anplification invention.
Figure 6 shows a second exanple of univariate and bivari ate histograns

il lustratwepi/ssie conventional resol ution between X-chromeamesonesuiso ng and
Y-chronmosone bearing popul ations of bovine spermatozoa. 20 Figure 7 shows
a second exanplg of .univariate a bi variate histograns_illustratin t he
i nproved resol uﬁ?%ﬁuﬁg?%@éﬂgjﬁgté ﬂ? glﬁﬁngﬁléOIbggﬂ}Sﬁ%S%ﬁ%ropgéﬂlﬂ 8rrss Bgﬁ}ei ng
popul at i ong,@kicRH 4@ PRt 0zoa using a particul ar enbodi nent of the
anplification i1nvention. 11 WO 01/85913 PCT/ US01/ 15150 Figure 8 shows

uni variate and bivariate histogranms illustrating the conventi onal
resol ution_between X-chronosone bearing and Y-chronosone bearing

popul at i one-of B%H@ﬁ P@SQ&?F&%QMHﬁ n WIGhows uni variate and bivariate
hi stograms illugtfaty ﬁ%wts'&ggh%ﬁ%’deﬁlo g}(t%&%pelruti on between X-chronosomne
gnp

beari ng and Y-chfonosone bearin opul at1Tons of equine spermatozoa using a
particul ar enbodi nent of the anplification invention. Figure 10 shows
univariate and bivariate histogranms illustrating the inproved resolution
bet ween X- chr onfbigsiee dewisiarsgeanddvisw ofi p gassdined Blear ¢ytgmetenul at i ons of

equi ne spermatozoa nuclei using a particul ar enbodi nent of the
anplification invention. 10 Figure 11 shows a particul ar enbodi nent of the
circuit board nmdifi3cRbieR cdiBodR 24 hisfol i ' W‘c?%o‘h e h
respect to a MoFlo(r) f‘!IVow cy ongtﬁglrcm%i gurgjs%%&gﬁoﬁqv\gngg e ectrlléé\(a%l’#z’
schemat i ¢ aidad) amhott the paplifier ivantien@oglire®A) wih utiveriatahistdginesafor the same

i nventi onnﬁ\{vi th res?ect .to a I\/I)F}[a?(rg f.l ow cjgs/thorreter. Figure 13 shows _the

| aser bear!PRCYORFIES IS & BAVEHEF sRardiBeahoidhe parbiication pysngon E1guns 3BJa)
and the | I i i
(Figure 130 rRERMPRRRE G, HabRoh REntEH I EoRBLARL bR HUZPELRRIETe
separ at &0l béadhg pomdaionsEboving sgpeatvrbazoa (Figure 14A) and Y-chronosone
beari ng spermatozoa (Figure 14B) using conventional technol ogy or using
the anplification invention independently or in conjunction with reduced

E:: gm B::m :EZI%I 121% ég %{l?! SZ um%gnaEcle lercri %ié‘a?ia?ehl%\é\{%gr%n{sr i?hqgtrayt{nEgWhg fcortnbe%tigga uced

resolution between X-chromosome bearing and Y-chromosome bearing populations of

bovine spermatozoa.

Figure 5 shows univariate and bivariate histograms illustrating improved resolution
15 between X-chromosome bearing and Y-chromosome bearing populations of bovine

spermatozoa using a particular embodiment of the amplification invention.

Figure 6 shows a second example of univariate and bivariate histograms illustrating
the conventional resolution between X-chromosome bearing and Y-chromosome bearing

populations of bovine spermatozoa.

20 Figure 7 shows a second example of univariate and bivariate histograms illustrating
the improved resolution between X-chromosome bearing and Y-chromosome bearing

populations of bovine spermatozoa using a particular embodiment of the amplification

invention.

11



Figure 16 shows a top view of the reduced hei ght beam shapi ng opti cs.
Figure 17 shows a perspective and two cross sections of the object

ori enti ngwoomsbe13 12 WO 01/ 85913 PCT/ US01/ 15150 inventi oreCTAIQuN®I5A8 shows
a graded series of cross sections of the object orienting nozzle
invention. Figute 19 shows a front view and .an end yiew of an enbodi nent of
the bevel ed 5 JR[%EctF ﬂwiHﬁ@a?ﬂ$éﬂgﬁgﬁﬁwgﬂﬂgpgﬂﬁﬁ {ppiRied %§°?ﬁ%m9gﬁnval
of undesi rge A bekes 38 RRIMRIsEHE% gﬂ&g?). Y-B% Rk Qe Bbar it

signal (s) fromthe orientedospernatéééa F$guresﬁ%%A %Eﬁmégg?iﬁgnggfﬁg

si gnal (s) dquorasphenatowmai ent ed sper mat ozoa (Fi gures 20C and 20D). Figure 21
shows a perspective of another enbodi nent of the beveled injection tube 10
i nvention having a paddl e shaped bevel ed bl ade. Figure 22 shows a

conventi onal opt.i e I q I 1Q. . igure 23A
shows the shapghgﬁ% §i§@9§f8§¥?%%?%£§q§%%Fﬁ% 5?%%%¥%§gﬁ%ﬁ%ﬁgéﬁigﬁm%?ﬁgms

t he di f f £ressletidiebyeesn COthRaidsyma Hafeh 260 Y-S&bhbs@hé dhdiL forifaiomiarzoa.
Figure 24 shows an enbodi ment of the invention havi n%econstructl on al |l owi ng

the 15 nexs¥iieshematerdoatugings ppnatudar einhodeyenipl tevagiplifeatzondingeritiont at i on.
Fi gure 25A and B shows an enbodi nent of the invention having two hal ves
with a pinhole corresponding to each half, Figure 25C shows an i nmage pl ane

of an enbodi nentighfe 16 RBWOVEBNAAR afd BHABE IS HANE iﬁas@mg%gqﬂfpr&fedt he
i nvention having two independently rotatable polarizers. 20 Figures 26A

and 26B i |desrdutiat bstwiche Xc-ohpensate deaneg hodl Y-cdiroteeorhé ieaking peadations c«fh
enbodi nent of the invention, Figure 26C shows an enbodi nent of a .
conpensat i GRS SBREA0Z0AZECKS! UH P%ﬁvlﬁ%?mb%%ﬁe YPPRAICHAD EHEREGHN

el ement where images of a fluid stream 13 WD 01/85913 PCT/ US01/ 15150 and
fromthe conpensation element fall on top of each other in the inage plane.
Fi gure 20 showsFigmrednizhows®partiohilai fabédinent & tiecifuitpobRSmbdiviesiionad make

the amplification invention with respect to a MoFlo® flow cytometer.

Figure 12 shows an electrical schematic diagram of a particular embodiment of the

amplification invention with respect to a MoF1o® flow cytometer.

Figure 13 shows the laser beam pattern using conventional beam shape optics (Figure

15 13A) and the laser beam pattern using the reduced height beam shape optics (Figure 13B).
Figure 14 shows a bar graph that compares the purity of separated X-chromosome
bearing spermatozoa (Figure 14A) and Y-chromosome bearing spermatozoa (Figure 14B)
using conventional technology or using the amplification invention independently or in
conjunction with reduced height beam shaping optics.
20 Figure 15 shows a front view of the reduced height beam shaping optics.

Figure 16 shows a top view of the reduced height beam shaping optics.

Figure 17 shows a perspective and two cross sections of the object orienting nozzle

12



Figure 28 shows an a second view of the interference optics invention. V.
MODE(S) FOR CARRYI NG QUT THE I NVENTION 5 The invention involves isolated
hi gh puriwp ofssséusonosone bearing and Y- chronosone beari nquopsehasisons of
spermat ozoa or spermcells. Hgh purity X- chronpsone bearing and
Y-chronosone bearing popul ati ons of spernatozoa can conprise popul ations
of intact ¥ 1Oglpermat ozoa, and may al so conprise populations of tailless
spermat ozoa (sperm nuclei), or popul ations of other viable or non-viable
forms of 10 spermatozoa, as may be desired. While particul ar exanples are
provided that dégure beshdves aigndedtstnes ofircrodseseciionsendtthe obgeparattinggiozzitact

live sperm cel J s each having a spermcell head, necks, and tail, it should
be under st'8%Rat t he technol ogi es described can have various
applications with respect to spermnuclei as well. X-chronosone bearing and

Y- chronosone bearing popul ati ons of spermatozoa should further be

under st ood to IHgeRCIINFRSS £RBAIMELOZAd dhreatvisy offah endbdin& P &€ tiksherbledmmal
i ncl udi % but not limted to, spermatozoa from hunans and spernatozoa
fromco ﬁ]eytlkfh inyentes such as bovids, equids, ovids, canids, felids,
goats, or swne, as well as |less comonly knovvn ani mal s such as eI ephants,
zebra, canels, or kudu. This list of animals is intended to be exenplary
of the great vap /gﬁlteyz@ﬁu@mafwltﬁe Eérﬁcﬁk}a‘l\’@!f%d@sﬁ%ﬁ WRbA&A8d & ZBQ'GRUT'E)Y
sorted 20 at 90% or greater purit i's not intended imt

descri pt i dnvesfion hg compamson of 81@1331(5%éombeomﬁeﬂzapamﬁatmaa(ﬁ%umrﬂommﬂ@)

speci es of mal S. urit arated sper mat from.the various
speci es ofa"ﬁg l@gﬁ‘%ﬁb iuﬁe%‘?lﬁ?ff%’teﬂﬁaf’ %ﬁgr{d‘r?éﬁ)can be used with
artificial insem natl on protocols or as part of commer ci al busi ness

met hods such as those as described in United States Patent 25 Application
Nos. 60/ 211, 093Fige/,22 zlflox%ﬁ)pexepecﬁaé efidnolien pabadinent Jf tha byveainjectdn tibeNo.
us99/ 17165 or.  be used wiith | ow dose insem nation protocols as described in
Pat ent 1&dBpetienibanngagadle shmedbsyelehbibe US98/ 27909, or used in vitro
fertilization of oocytes 14 WO 01/85913 PCT/ US01/ 15150 from ani mal s,

i ncl udi ng humans, as described in United States Patent Application No.

60/ 253, 785, eadig@i 22hmowrbavenveamibhLliop dcsrtembwgﬁ%uﬂe@t&@ﬂemeytdﬁ@&érporat ed
by reference. The use of the termpurity or hi purity should be
understood to be the percent of

Figure 23 A shows the shape and size of a typical spermatozoon and Figure 23B

shows the difference between correctly and non-correctly orientated spermatozoa.

Figure 24 shows an embodiment of the invention having construction allowing the

15 measurement of two signals, for example volume and orientation.

Figure 25A and B shows an embodiment of the invention having two halves with a
pinhole corresponding to each half, Figure 25C shows an image plane of an embodiment of
the invention, Figure 25D shows an embodiment of the invention having two independently

rotatable polarizers.

20 Figures 26A and 26B illustrates the compensation method for the fluid stream for an
embodiment of the invention, Figure 26C shows an embodiment of a compensation element,

26 D shows another embodiment of a compensation element where images of a fluid stream

13



the isol ated spermatozoa popul ation bearing a particular differentiating
characteristic or 5 desired conbination of characteristics. For exanple,
where a pwouhissdieon of spernat ozoa are separated based up@CTesanilFigo an
X-chronmosone as opposed to a Y-chronosone, a X- chronosone bearing

popul ati on ing 90% purit onpri.ses a papulation qf . spermatozoa of

whi ch 90% %‘F&aﬁ/‘ﬁ‘ég}encé’ﬂ’i‘ﬁz’é}?ﬁé}%s%é?%f%g%mB8§Ba°§r?tfiéfé’ﬁﬁ@dﬁ?gﬁﬁﬂaﬁﬁi le 10% of
such popul ati on of spernatozoa may bear a Y-chronosone. As such, high
purity 10 with respect to X-chronosone bearing popul ati ons or Y-chronosone
beari ng popul afigure7chows anpribedingenp uf the ynteddremteaghtics mvehtiva. gr oup

consi sting of between 90%to about 100% between about 91%to about 100%
bet ween about 92%to about 100% between about 93%to about 100% between

bout 94%t : 9 t bout
96% t 0 about 10058 Be UREA ARau B0t T o BB bR R "o 0 T 0596 t o

about 100% between about 99%to about 100% Inportantly, while nunerous
enbodi ments of the invention describe isolated high purity X-chronosone
and Y- chr o¥fos ot OES) HEReAREN TN Ot THE AN { and while the
description further discl.oses high Fit rpat 0zoa separ at | devi ces
and net hjtj)ds ofﬂheol\%v?gmlnslg}’o e lgﬁateﬁﬁwmﬁgg'ﬁﬁwgﬁoﬁwaﬂg tiy

popul ati Or@m&{loéi)%%Hﬁ% O8pulbtiéhs2fF s?@ﬁiaﬁbz@@@ﬁﬁiéﬁﬁ cofis. tignipaMgki on shoul d
be understood to be applicable to other types of particlés or events
havi ng parc¢hrahesodid Hearipg ndii-dromhsiracbearing tpopslatipnesfesperngditbfoarcemt i at i on
characteristics. It 1shoulj%.be :jnderstood t hat, the i nventjon c‘gn.be

appl i cabl CYTEC PAPHAHQPSH Miaet g SREHZe2; A HAYAISS LuETise RGP atigns of

di f f er ences;y ?érﬁﬁ? [ . t
def ect deﬁg%{e%oﬁgﬁ%ﬁg?%% ow %%?%ﬂ%%%ﬁs P?%g?zﬁ%xgﬁrﬁ%ﬁ?ngltag%rfgp %HF

el ect r ophaspeshBozoapapmbe be tleditedr Blly pagistiapecaipdssase pidvidedahat descgibe the
instrunments, or the Iike as would be readily understood by those skilled in
t hose art sinveniiep i therconigp phseppiabng indeqt by e srerpcslls erch hawwg i speimperd] of

enbodi nment f . t Lol aw aration. o - chr onosone
beari ng spuetsoh S B fEea a0 dh B RERP LRI OO el GikeEe

beari ng spefizas SEARatiéley e sBpédtd ?ﬁnﬁﬁmﬁeiemv@nb@@mm@&&n@ﬁeamg and 'yeent i on
is not meant to reduce the scope of the invention to only flow separation
of sper mathsorpesonte nating trpphlaghnpel speymatozon sbould futher bs paderstbodk tva

separat W8 nenscxgl%)gsgsspgfrj&atozoa from any male of a species of mammal including, but not limited

to, spermatozoa from humans and spermatozoa from commonly known animals such as
bovids, equids, ovids, canids, felids, goats, or swine, as well as less commonly known
animals such as elephants, zebra, camels, or kudu. This list of animals is intended to be
exemplary of the great variety of animals from which spermatozoa can be routinely sorted
20 at 90% or greater purity, and is not intended to limit the description of the invention to the

spermatozoa from any particular species of mammals.

High purity separated spermatozoa from the various species of mammals can be
incorporated into products that can be used with artificial insemination protocols or as
part of commercial business methods such as those as described in United States Patent

25 Application Nos. 60/211,093, 60/224,050, or Patent Cooperation Treaty Application No.
US99/17165; or be used with low dose insemination protocols as described in Patent

Cooperation Treaty Application No. US98/27909, or used in vitro fertilization of oocytes
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rat her these exanples are intended to exenplify the basic concepts of the
invention in a 5 practical manner so that they may be applied to the w de
vari ety oWwoapphseicati ons. Now referring to Figures 1 and 2,pca/ddoomsizyt onet er
enbodi nent of the invention is shown which includes a particle or cel

source (1).which cts t tablish or ticles or cell t ai ned
oo o il S S Gag RiRant 37 G aﬁiﬁgﬁﬁmﬁﬁg’% fendorifa@Ng aro

d t ed a i ol ells
BTt ocASD TR AR e pifd ol MBT Ao RS ety RGN BY Erent?)

(3) is usually supplied by sone sheath fluid source (4) so that as the
particle or cell source (1) sup g,lles the particles or cells into the

sheath fluid (4hhe st Hhedebn Rutipradighpurity shayd by undertotbiphiedhy porcent f ¢ hi s
manner it fl@ﬁol&? cfe%%hh%{tﬁy&gf t Ia?%g bgé)r% a&%r&&ﬁ%td}fféljeﬁﬁmé?’clnmfa&% caorSheat h

fluid enV|ronne cleées or c ar |ous UIdS are

provi deds t destriecordBinfti Vo Lot iRk eticsaF o Oxinilé, eftsdé & popleion d fRperdistooh
nozzle (2) and exit at the nozzle orifice (5). By providing sone type of
osci | | at orarg @e)pamctbasmﬁyp@ebwmg ap Peelirgebyoraeat erpobestio a i seime, a X-

|l at trol (7 t abl th |
03y ana P BB SR R R Oira TS APt oBog 1 & or' 11 ce
(5). Sincey %ﬁﬁato&wflv&@&mo%@fﬂeeclh&vmanspte{aﬁatgmaaear i Ml @rdridsondeenifd r eam

(8) eX|t|ng the nozzle orifice (5) 20 eventually and regularly forns drops
(9). Becaul¥vhimichaopilatios 06$peuehﬂosoaansybwadiml¢temob9met As stidhyhighgturigam or

sheat h fé d1 envi ronge the é % may ené{r n wthin them

i ndi vi db@l Vi feserctie -CBE?I‘PPE%% E@Fm% ppulaticns gr B’é“’%‘ﬁ%‘? E8EIs with
t t i

respec @?Iﬁggﬁg%ﬁo%g&mgﬁ tphht}I %‘fec’té&% 'tfﬁ:g} lgd 1s1ilﬂ ogf)é%{;}éen(z 0/ $GN

entrain par ow cyt onet ed to separ at e

parti cl es,aboet 100%,3pereencohs 196 td isut Il(])(l%,b&&ﬁébnlmmmm shoat 000%el |
characteristics. This is accogBI i shed throu a particle or cell sensing

syst em ( 1daetwqqn@bsa? % teabput d89%o, batwaay a’v@us é@rﬁbmc}p%sb%twemeﬁwt sone
f d 1 N
P oo PE PR 1R uk g oG & BRBERERA o hrPRRLEL USRS, S0

WO 01/ 859%0%&%&%5&5@% é&mouM%ameaﬂamt 99% tQ@B&RdOO‘Q) upon the
rel ative presence or relative absence of a characteristic, such as

fluorochrone bound to the particle or cell or the DNA within the cell that

ggx eP:t |e)r<1§| ;ﬁd IlIJIY o%antly, A/ diearguln?eqogsoe%bc % %s ofa[?le ?nvlegtslgnr des)éﬁf)e 1solategi’i?1gh

purity X-chromosome and Y-chromosome bearing populations of spermatozoa, and while
the description further discloses high purity spermatozoa separation devices and methods
of how to isolate and how to use isolated high purity populations of spermatozoa, the

20 basic concepts of the invention should be understood to be applicable to other types of
particles or events having particle differentiation characteristics or event differentiation
characteristics. It should be understood that the invention can be applicable to a variety of
circumstances in which resolving small differences in photogenerated signal may be
necessary, such as product defect detection, field flow fractionation, liquid

25 chromatography, electrophoresis, computer tomography, gamma cameras, time of flight

instruments, or the like as would be readily understood by those skilled in those arts.

Moreover, while this disclosure provides descriptions of embodiments of

apparatus and methods for flow separation of X-chromosome bearing spermatozoa from
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irradiation beamto which the particle can be responsive. Wile each type
of particle, cell, 5 or the nuclear DNA of spermcells may be stained with
at | east woeisppe of fluorochrome different anpbunts of flrcavicomnsise bi nd
to each indivi dual particle or cell based on the nunber of bi ndi ng sites

avail abl e to.the i cular type of rochro used respect to
sper mat 0zo Ch]f%‘éos Lqeaﬂvg FREMBOZR: Hhifi ‘ﬁ’@créﬂt‘to@ e pgk §°cen§3’§3? stainis
dependant #paifioh AenATRUR 10fcdRANE OB LARH b dnitoh bﬁ%ﬁp BRL0gP8; Because
X 10 chronpsone bearing spernmatozoa contain nore rom)sonre

bearing sgpemmabERaA ontihe MXele pirdpdonetdase:! sp@nﬁaezmpmaolﬁ@@tehisn@t a
greater anmount of fluorochrone than Y-chronpsone bearing spernatozoa.
Thus, by rgdstibeseamples 4r9@rt%ém@<eémlﬁy the b@ylcwﬁ@cemmf he Inyestiainéme upon

excitatig rijraét}ca r?lagﬁ) %o %a? thtleg/ r?ﬁj ﬁeé {oaté et \\;\aeree o ragp créalﬁlgg%sper mat 0zoa

and Y-bearing sperma 0zoa. d isolation
based upon particle or cell characterl stics, emtted l'ight can be received
by sensor (11) and fed to sonme type of separation discrimnation system or
anal yzer (13) @é@nplrefbmrtgfanglaps bandcharitpy cythineter enibbdisrenhof the inyentiar ges

each dropl.et on the .characteri t he cle o cel |
cont ai neg WIEMWB}? 1n<c-]1}18?§| ahariigy or ¢ H{Cgsd‘n)a‘ﬁﬁﬂéﬁ apty o %‘g%’éﬁsgf’f %HJPP

discrimn tatic
et | ot | o Hile oA Aned SANPAHERL MbhREHS r QuBPHLT 1 PRAGLEGH LS 2 !

contai n t hee dggusogd withen pacAzic2iinos meeer suohsthat the pattitles bheells howintrydadt er
acts to_ separate the partjcle_or cells g ?1 by causin themto be directed
(S P 53at %ly

to one &P Iptoractivd sfrerniop heaghh flud (&) STIF' Hyid @) aswsuelly sypehed biesomdal yzer
differenti LR ﬂ%l?c%cmrge )%l) §%Hﬁ§ gsdthgg%glea 0%%@1’1 %Lﬁgéngt) %Q}%{ f%ghﬁr aft c'l 5 ort he

droplets entral ni ng rrn a can arged

posi tivel ycellBthtd twshe@thlf&@d (4)ltlﬁbycuﬂecéiicﬁﬁ6ﬁtl30f&d o ibtethe mezLle ngl et S
entraining Y-chronosone bearing spernmatozoa can be charged negatively and

thus deflect the other way, and the wasted stream (that is droplets that
do not entrain article. or cell ntra desir 0 sortabl e, cells)
can be teft  uohERgush Sm et bafPuedLioy e el CIASR-aPedh i o
a suction fdyiBenArornhiei kélktﬁe partidils MR/ 8pRd &heR gfoﬁ@ﬁ&{dgwovﬂé%%ﬁéed in
United States Patent Application 09/001, 394, hereby i ncorporated
ref er ent® fiwey eytnmetiantiscand }yressmmqﬂraytf@“deﬂloé’ abioe ()raagl exit ofr the somm@ce
establis he@).aﬂg providing some type of oscillator (6) which may be very precisely controlled

through an oscillator control (7), pressure waves may be established within the nozzle (2)

and transmitted to the fluids exiting the nozzle (2) at nozzle orifice (5). Since the

oscillator (6) acts upon the sheath fluid (3), the stream (8) exiting the nozzle orifice (5)

20 eventually and regularly forms drops (9). Because the particleé or cells are surrounded by
the fluid stream or sheath fluid environment, the drops (9) may entrain within them

individually isolated particles or cells, and can be sperm cells with respect to some

embodiments of the invention.

Since the drops (9) can entrain particles or cells, the flow cytometer can be used to
25 separate particles, cells, sperm cells or the like based upon particle or cell characteristics.
This is accomplished through a particle or cell sensing system (10). The particle or cell
sensing system involves at least some type of detector or sensor (11) which responds to

the particles or cells contained within fluid stream (8). The particle or cell sensing system
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col l ected sinultaneously. To routinely separate particles, cells, sperm
cells, or spermatozoa (intact, live, 5 fixed, viable, non-viable, or
nucl ei ) i woooikssgis purity X-chronosone bearing and Y- chromeIons®1h&iEei ng
popul ations, the particle differentiation apparatus or nethods used must
provi de hi g&H§ESO|Ut|0n of |ffere Lon characteristics that are

t
used as tH & gauSSFné‘ﬁTé‘PI}/‘i‘?p DAY RED Fé‘? L Profepfe Pigelaive aissnesdramat oz oa,
di fferent @maegng% ‘éﬁ@ﬁ‘ast @lﬁ)rbélﬂ%e B 8 Ihd¥artitlE o? Qelf Jngﬁé PNK %}#ﬂg nd to

t he nucl ear DNA of 'X-chronpsome bearing sperm cel emtted
by the fl welldiodt nmyebebaxgited by at rendintioh saurcONAhe aYaehemies ATBghRedtingGn Sperm
cells may be diffjcult as, discussed above. In nmany applications, the total
enmitted | igAgiation %%%81 whieh s Rastidy et ke TeFRANGWERL V%/lale qaﬁlétmtoémr@ple otll.ch

can be r differ 5 between
The om0 RaeheI L P Elor bl cdiEhah B Haida Wil & 1bifo ) dp el AR o Bt b
smal | . TthfﬂEﬁ)!ihlrﬁcmmsiBfﬂD@rem6ﬁé bikied cxdhandiviriaPheticle ot 88 b’a@e&éﬁ@ﬂies happen
seri aIIy at high rate of speed and the tine period between photoem ssive

events i s mEer of bindimgsitestailabliiteythe podistlac dipe of Supioehyronss usgd.f Motk
cytoneters eparating par.ticles | | s er el |l s.based upon
the di fferrgsﬁ)g%te[?ﬁp‘f}%ﬁﬁ%zoﬁ %8?8%%@ {1?'}888&5 jtes #’F@\%ﬁﬁ%f%ﬁ Ea%%}st ation 20
sour ce andiefedtiagiufaae ameﬁmedpmmsnﬁme@whﬂ%acﬁ%ﬁaﬂﬂt&ay B&cagsd ®D! i shed.
As a result, the anbunt of emtted |ight generated in the stream of
particl Es chnceilcbssmed:reaspgspnmmtolzea, candenn nioee DA than ¥ -clismbbens pexegigof t he
streamis increased e interce oint with the  excitation source

becomes v&PSIEIGZ9Rt thefirriropjogeme g?f"é ng sperEqzeasen ping ST momet of
phot ocat h &:fhr&ﬂg ARGk Qfﬂéh{ps&% BLar g@g?&gagoa‘éﬁuﬁﬁué ?ﬁéﬁsu]ll tﬁé gnal to

background 25 si gna ratio he anoun ckgr ound |gna an be further
exacer bat ehhovdzednce fehiitedohtherseusdifiiorashrbloe apsi e;&aﬁ&ﬁan dei Fb@slmsaﬁ to | abel

the nucl ear DNA of sperm cells. 18 WO 01/85913 PCT/ US01/ 15150 Mbst

sol uti ons dﬂﬁ“@ﬂi@%b@b‘ﬁéﬂb@ﬂ@ﬂgGE%@E)Z%W%&@&E%@?%@OZ@% al anount of

|l ight flux upon the photocathode tube by placing optical filters in front

of the photonultiplier tube. This approach does not change the proportion

of signpd to  Inorder to achieve separation and isolation based upon particle or cell
characteristics, emitted light can be received by sensor (11) and fed to some type of
separation discrimination system or analyzer (13) coupled to a droplet charger which
differentially charges each droplet (9) based upon the characteristics of the particle or cell
contained within that droplet (9). In this manner the separation discrimination system or
20 analyzer (13) acts to permit the electrostatic deflection plates (14) to deflect drops (9)

based on whether or not they contain the appropriate particle or cell.

As a result, the flow cytometer acts to separate the particle or cells (16) by causing
them to be directed to one or more collection containers (15). For example, when the
analyzer differentiates sperm cells based upon a sperm cell characteristic, the droplets

25 entraining X-chromosome bearing spermatozoa can be charged positively and thus deflect
in one direction, while the droplets entraining Y-chromosome bearing spermatozoa can be
charged negatively and thus deflect the other way, and the wasted stream (that is droplets
that do not entrain a particle or cell or entrain undesired or unsortable cells) can be left

uncharged and thus is collected in an undeflected stream into a suction tube or the like as
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background signal and subsequent attenpts to increase the sensitivity of
the 5 photonultiplier tube generates additional background signal as the
phot onul t wal digs9t3ube saturates fromthe anount of backgr OTIUDIQFAD .

Typi cal ly, photonultiplier t ubes have an operation voltage range of about

| i f
atandacy SR o e st Bl Apglitria oblol 383 encty SRavm SIS omul i pl i er
tubes avairbpRlge Bélem Ham&sﬁhn&ﬁom&e&@éﬂ eéae Y & be*eg[%hsﬁg&’ Yplts. As

such, equi pment or i nstrunent I ch enpl oy otonu tiplrer fubes are
conflgure@oﬂaﬁabsnaﬂmn&umhnphotonult|pI|er tubes at or above 400 volts.
Even where reduction of the nunber of electrons at the anode is desired, as
di sclosed in Uni ted States Patent Nos. 4,501,366 and 5, 880, 457 the voltage
bet ween t he [ |nta|n d_ at ,a _high

vol t age and re ng%ﬁhg‘lg/%]%a%&gfg@% efs erﬁ%)’nggﬁ?g?qﬁ grs atoéoa Elé%#ﬁ’ﬂﬁeshed by

ei t her dsaqmasmlget Heh- V@bkga@aniceotlhe mgﬂpmrnyr)gch@m&ﬁé befingtah@ yi-nher ent
dark noise or shot noise is filtered out electronically. Unexpectedly,

reduci ng tcheonagrome begfing pprwleféonsghe nempmhﬁmnmatpmaeparamber tethods 4g@ vol t s

o 11 or oncabi Fropn AR omer e Pty bRkt o i G SRS BHER ot o

i ght em totfggal £9 ahd 98papARR. phot oem ssive event is high, or even when there
are a high n%er of bright serial events per second. Wth respect to the

rate of photoenn155|ve events generated fron1the irradiation of
rmat ozoa, the invention

fl uor ochr omes % d to the nuclear@%m

al l ows the rat eVER IpipGeide sRraefazea ?{F%twttll’ilgt epvaen bl gk emittsd it h? ng
t

2P a1 uchlen RS DBURE UL Ao AL AR A A ALl AR

| east 500Qighegaitrdlts thyﬁnbmcmemeaaeaﬁ@d)thahuble@s:bNAﬁﬁQOcI&eﬁMc&bé Bea@tﬁ%nt s per
second, at |east 7000 separable events per second, at |east 8000 separable

events perPBresily mat be difdeulioaycliscusgdpbdice events per second, at |east
10,000 separable events per second, at |east 11,000 separable events per
second, at |east 12,000 separable events per second at least 13,000

separ abl e events iy HPESHIns, ahe doe@eﬁntieﬁ 1990 frbfh M&&%&@%&@Tﬁ&@&ﬁ&ﬁ 150
separabl e events per second, at |east 15,000 separabl e events per second,
at | east 1l dgewor, §\ép@hreﬁnl‘t@ aqahetmmﬂppﬂner@émonm bedtigh st tierliffo@nsepar abl e
events P betvoen nhe emltted%g?l% otl eac}cl) pgotoemlsswe events to be differentiated can be small.
The problem can be exacerbated when the photoemissive events happen serially at high
rate of speed and the time period between photoemissive events is short, such as with
high speed cell sorting using flow cytometers. When separating particles, cells, or sperm
cells based upon the difference in bound fluorochrome the cells flow past an excitation
20 source and a high number of emissive events per second can be established. As a result,
the amount of emitted light generated in the stream of particles, cells, or sperm cells, can
be enormous. As the speed of the stream is increased, the intercept point with the
excitation source becomes very bright. This high level of incident light upon the
photocathode of the photomultiplier tube can cause a very low signal to background
25 signal ratio. The amount of background signal can be further exacerbated when
fluorochrome such as Hoechst 33342 can be used to label the nuclear DNA of sperm

cells.
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separabl e events per second, at |east 19,000 separable events per second,
at |l east 20,000 separable events per second, at |east 25,000 separable
events pewosEassvid, at | east 30,000 5 separabl e events per paAvicsed/15and at
| east 35, 000 separabl e events per second, or greater. As a specific

le, existi tion SX MF ting fl t onet
cont L gut eq t o NErAP LR e BEIIARE htd e deion Wereass GHITE wrowhal The
gain can hgnt Agk u?&@dxetﬂo%%a&@m%g(ﬁy B%E%‘@’“Pko( )iE%lfﬁﬂe% in 8 offneNi gher

vol tages but not Tower voltages. ow cytonmeters can be
conver t ed phyptonsdtipfi¢rgubé. ibhis hgprpdvhtdoesihaeti chhigerthd Proportionalflsiznsl toThe R16C

resistor (2.49 kilaohns) on channel three can be replaced hy a 2. 0K
resi stor tbﬁ‘ﬂ%ﬂr‘f"é’i‘(! flﬁ’énglgj’ﬁg SuRsedyeRbatisuts fq wpreagedhe satvey of thee

phot onul 4 il . ' i Sl . t | tiplier .tube to
Do oper at SR iFu BB e or AN Bh bRk UL LT PURL AP F furtd'
cyt onet er satwrdiés frvm tBe okt Pbaokipesindtsgmal.i n parallel, or a 1.3 kilohm
resistors can allow the photonultiplier tube to be operated at voltages of
15 about 200 volts, or just above zero volts, respectively. Also with

bhot ocat hode colVEL: R PaHbLE B6%% al SPelith ypiakdtonisg bt 460 ' "°
phot onul t ivdlth & aB P O0QYbE. dﬁl@Qi)WEﬂ%ﬁiﬂb@ liﬁ@e{rloﬁ%ﬁ@ﬁ bPRarRld ﬁgﬁ?lﬁ?lﬁgﬁer Thi s

conversi on unexpectedly increases the signal to noise ratio o

phot oem sgiles, sichras thesRP28 amsl R ¥4giR phatoadiltijplica tubek eeditablei foors Fymamabsy t he

photormu) tiplier .tube. . 2Q The cl eaner signal. may then be anplified_ by

i ncr easi(%gd)om YA 7 u@?()q H’%Fhéséﬁ =c?gutpalenai>@?l§t§+m%w§c{lémpéw t he

a”?" yzer (giaééo Lﬁtiglti]é? talpégraﬁ)@édrﬁ’i%'&reh?g %er%%y%élﬁﬂ&m%%ﬁ%gﬁrbgﬁﬁaﬁoq’e as

univariaté or bivariate histograns. wreferring to Figure 3, a conparison

of uni var i480eohs.sEogr eieregehetial efithe Aunbbr efelebtiche stahé aodcoidsatd )asl | ow

cytonmeters (#1, #2 #g{%1 rior to the use of the invention 25 (Figure 1A),
dieHpt S%

and usi ng digsosp fos Jateat Npy. An0lB o0 end Se380145 7 threvadepa bettvieemn thsf

intact i | i ermare s - an be upderstood from

t he uni vari 3@5@&&?@%@(&%%#%@&%% Ill} 1@8%8%5@8%%%%? r%ﬁpﬁ%r}% Pation of
the X-cI¥ emeaon®atibabhdt is RadHpHERAD) e &é&@anmg\Lﬂ)ﬁ@mgé@) {h6 rhAfin

popul ati on represented by the valley between 20 01/ 85913 PCT/ USO%/ 15150

peaks) of diynedest o1 the enherenh derkonoiseer Beatmoisg isflkerad veizdectronitplly.r om | i ve
Y-chronosone bearing spermatozoa (18) can be substantially inproved by use
of the invention.

Unexpectedly, reducing the amount of voltage to the photomultiplier tube below
400 volts to about 280 volts, or about 250 volts, or even to 0 volts can allow small
differences in photoemissive light to be differentiated even when the total light emitted
20 from each photoemissive event is high, or even when there are a high number of bright
serial events per second. With respect to the rate of photoemmissive events generated
from the irradiation of fluorochromes bound to the nuclear DNA of spermatozoa, the
invention allows the rate of photoemmissive events that can be achieved during separation
of spermatozoa into X-chromosome bearing and Y-chromosome bearing populations to
25 be increased to a separable event rate of at least 5000 separable events per second, at least
6000 separable events per second, at least 7000 separable events per second, at least 8000
separable events per second, at least 9000 separable events per second, at least 10,000
separable events per second, at least 11,000 separable events per second, at least 12,000

separable events per second, at least 13,000 separable events per second, at least 14,000
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The nean separation rate or sort rates of intact |live spermatozoa prior to
use of this enbodinent of the invention with the SX MoFlo(r) flow

cytonmet ergygamgsadout 17.9 x 5 106 /4.5 hours of both X-chicanpseasspeari ng
sper mat ozoa and Y-chronosone bearing spermtozoa (i.e. about 1,100
separations or, sorts per second in _each of two streans -- the first stream

h
X- chr onos SRRATBRIS SV FYS BRfeicriide 2ldaash he 00 eenseabliryents mensrcynd 19t l5AB d6nB00

bearing s t 0 } i nge. of 84%t % purity.
The ' separdhiiigseais plr SO 05K P00 enllsbe QichRIRFationd LIRS R o
the three sggiriisle ekbhtI Per FeaHd, 510Edst 1ADOS séifardblé/@eﬁﬂéz)@f@c@ﬂ@%t Rhdten, ddoe
above- nenti oned conversion was about 40.3 x 106/ 4.5 hour sort (i.e. about

2, 500 sor tsgpgsehle sEesmBerreeonsh pideas 2500 sapatablegyestpeusccond, il keast30r00ge of
89% t o about % The eventnz1 Eei tiecpgsd &ﬁre 13, 000,, 15,000, and 19, 500
respect i vErRFEEP SYHES PHSEe0, prdat 165t 500 sePiahle sy Pys Be% eEMR%, ARSEatCE not
only did this enbodi nent of the invention 15 result in increased purity of
t he separated spermatozoa popul ations but also allowed the separation rate

or sort rate td\despmoife dahplalexiktimCythidaton BX MePaf atitiag dloentysometess was

actual | y decreased. Siml arély, referring now to Figures 4 and 5, which show
bi vari at e 3 &¥ fo operstn e PhetArublichiuke at 400 wlis griningpa, kB¢ 83iB£20PEN t he

o ot ol alidl Qo YL Bt mlipEr b0 ot A BB L Bul NS L YREELO P ¥

t
and after the aboveé-nenti one onver si on ure 0 us

i nvent i on MéHie® E¥wMbfbéte)s dah Gwcenteaio® be Feconfigiritig thabhotoRpRipiited at 440
volts at the photocathode with the |aser adjusted to 135 a gain of 1X
and wi tH gontrellars.alheiBASEC agsision (24P kylphmspon ahanoelfihrgapin bamgplaced buadwk

10, 000 event er .segond, n 5k Ng, the | nt i.0 . SX_.MoELo(r) flo
cyt omet e?r/%\e/\%sémgt & % %13 St cﬁﬁ@wmﬁ@%ergl&arttcgmg? \S{_ﬁ}?éghfgmb%ﬁﬁbe& 450 ,1§ WI) th t\rllve
| aser adj ushRasibA 2BERYA thEQREBAGS & e 16 Ke opbrhfa@ Ut afdie28eiifsalsimignsi ty

filter, at about 10,000 separable events per second. As can be understood
from thi sookrsion leérSeX MoEioY dogecytameter sath twor kEokilslinoresatorein weatdhbrby t he

i ncreased de of th 21 01/ 85913 PCT/ USQ1/ 15150 |l ey between the
X ohr onos driey AR ALPIHGH 61 FIOK e RBPEHITE i MO DS RBSaITa & BUSEEhET
popul at§nL6E300 val ,éfr?g%’ﬁébox;ee%% V1RO RPN ALy b SithGedpag: t6mighi ch show

bi vari ate hi st ograns
conversion, the neutral density filter in front of the photocathode can also be removed as a

result of operating the photomultiplier tube outside of the typical operation voltage range.

This conversion unexpectedly increases the signal to noise ratio of the
photoemissive event as it is translated to an electronic signal by the photomultiplier tube.
20 The cleaner signal may then be amplified by increasing the gain amplifier to the analog to
digital converter of the analyzer (13) to the appropriate level and output may be generated

as univariate or bivariate histograms.

Now referring to Figure 3, a comparison of univariate histograms generated on
three different SX MoFlo® flow cytometers (#1, #2, #3) prior to the use of the invention
25 (Figure 1A), and using the invention (Figure 1B) with respect to the separation of intact
live ejaculated bovine sperm are shown. As can be understood from the univariate
histograms, the resolution (the apparent differentiation of the X-chromosome bearing

population from the Y-chromosome bearing population represented by the valley between
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sorting of intact live bull spermatozoa with the SX MFl o(r) flow cytoneter
#2 before 5 using this enbodi nent of the invention (Figure 6) and upon

usi ng t hi woagiixedismrent of the invention (Figure 7) operat gdtagsoih€seane
parameters as shown in Figures 3 and 4 respectively. Again, there can be a

| arge incre n rejolutlon as evjidenced by the depth of the val | ey

bet ween t R& Sseﬁﬂféﬁ% Ve BRSO Being sPeraierey (bhdronhEverY cth?l\ihm%fweh
b
Do 19, DORHAAL RkR2l, (A9 PN L BLERANDALER, RUBRS BB Tl oo

spermat ozoa with the SX MFI o(r) flow cytoneter bef ore using this
enbodi nent of the invention (Figure 8) and upon using this enbodi nent of
the invention (ﬁtegnf:@ Sparaiigieritaey soff retes of @Wbavmmzqmqrm’emwfon

l'ive equi r 0 wer e b the | as r at
00w i ¢ g REooRER gt oF aifiangeR sy SR P Elab domtisirinedie o rpeut s

separ at i pnoF af ShoRk oﬁ%ﬂlxeﬁ@ﬁle@&ﬁ@sgﬁﬂgﬂs %&t&%taﬁd RefhrSHEQRT BARRBIC at
12,000 events per second. The increasedr so ution o e X-chrono

bear | ng poepednmtozma ({. @&bo%ﬁlﬂﬂwp%aﬁbnmsﬂﬂperbe@ondng equhpafl tavd istream 24Ihe| S
dramatic. _The dat ows tha about 8 to about. 9 channel s separation can be
achi eved WitEtst rteﬁ?&égﬁ%qsﬁﬁlﬁt HING ENHOER G thetecenshyltsrmgY hromesEfnel s of

IC

separatio f0t NI t of the

i nventi on% %ﬁnéjﬁae\r{)iﬁ?@% Géﬁgot h§2%ﬁ£uglg}? g}q;mﬁro%s/g@eﬁg ri ggf%%pul ation
and the sgepaablyechitendSeRe200arI3E0, RAPRO,000 R8psEselRBsiithe $h3d soNaw
referring to Figure 10, which shows a univariate histogramand a bivariate
dot plot fromsorting of Hoechst 33342 stained stallion sperm nucl ei

(S- 0540 separ.at ed 25 us i nvent.i on. The nucl ei
were pr feapar ed f erﬁl?aln ée&gﬁﬁYﬁ %’tegﬁnqg%oaﬁn%gﬁHlesa]B8Y‘?ﬁne‘i’tﬁ(§legﬁ8Wﬁr%8’F &aashed

by centri faggatd00nx 1990, 5%5@@50&"(?6 tB6ut 2560 JoRR her %&Qﬁpé’%@geaﬁﬁ‘) dtsbegpar at ed
using Percol|l density gradient centrifugation. the isol ated heads were

washed, fi9%e&Gowirtity Wi b ompeslof 69%rtd abte9284. al eecyendstphr $doemhwereA3INP, The
st ai ned CT/.U nucl ei were stabilized using sodium
azi de (0. é% O%Qﬂﬁgégé(f@s%@;ﬁ g@?ﬁf"é@ents per second to produce the
hi stograns. The stai ned nuclei were then used to calibrate an SX MFl o(r)

flow cytometer was converted as above-nentioned to incorporate the
As can be understood from the data not only did this embodiment of the invention

15 result in increased purity of the separated spermatozoa populations but also allowed the
separation rate or sort rate to be more than doubled while the separable events rate was

actually decreased.

Similarly, referring now to Figures 4 and 5, which show bivariate histograms
from sorting of intact live bull spermatozoa with the SX MoFlo® flow cytometer #1 prior
20 to using the invention (Figure 4) and after the above-mentioned conversion (Figure 5).
Prior to using the invention, the SX MoFlo® flow cytometer was initially operated at 440
volts at the photocathode with the laser adjusted to 135 MW, a gain of 1X and with a
neutral density filter of 1.0 (1/10th amplitude) at about 10,000 events per second. Upon
using the invention, the SX MoFlo® flow cytometer was operated at about 262 volts at the
25 photocathode, with the laser adjusted to about 100mW, a gain of 4X, without the neutral
density filter, at about 10,000 separable events per second. As can be understood from

this data there is a large increase in resolution as evidenced by the increased depth of the
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photomul ti plier tube enbodi nent of the invention. Conpensation was used to
| evel the 5 two popul ations (X stained nuclei and Y stained nuclei) in the

bi vari at ewg) @tssofyot e that the two popul ati ons of equi ne IRarERsisei are
nearly fully resolved to baseline as shown by the univariate plot. Now

referring to Figure 11, a nodification specifically for SX MFlo(r) flow
cyt onet er VRHeY befdeen the Xrshrogtoseme beasignopriatin (I ead thel Ycbrosraseinge t he

correct vyg%gﬁ%ﬁﬂﬂ%n%@o Two 3.57K resistors (25) and (26) are equal to

about 1.7 can ‘sufficiently close to the value to be effective.
Wth this nodification the photonultiplier tube on this particular

i nstrunment can then be run at about 200 volts. Naturally, a simlar

nodi fi cation canmblerlyrgéering wivhty Fighues 6emt Gnehish shows bivenietetisstogranis Hem

i nstrunents whi ch e hot omul ti pl.i.e e to_nepasure the anount of
light eni F?@’dlgfo‘r%é?#%;}vteiabélﬁlsﬁ?%%g‘flthltge E@Pélo%ﬂowp‘?%ﬂ’mﬁé’é#%b%fp@ct rical
schenmnt i i : -1 h rid : i . - i not her
Crbor tan: "Srpan Bl b RikcaHb A (FigHae AE Bho it ifie dheRIhLAD MO0 O
beam pat t énventph (BigureAd ophaved dbyhefsagierparahibfers aoshoamtih ®idlred 3 matli at i on beam

shapi ng optics generate a beampattern (27) that can have a hei‘%ht can be
greater tfesReodtyekncheypcieecap hap large seqaghin refolytina assaidenesd)ty thedeigts) (28)

i i1 - ngl Il head
Cont i i ng vt Reffs i Kol Seh bbbt CLERE P A ahoRars or n

at the sameatingPopulldtioniiaL). case, the fluorochrone(s) bound to the DNAs
contained within the nultiple spermheads can be excited sinultaneously and
fluoresce within a single em ssive event. As such, the prior or subsequent

em ssi ve event .25 ¢ include cqincident 1ight .flux contributed from ot her
sperm f ad(s) Y h%?%&r‘? Eﬁu{eégrfm%(gczj’l‘?‘}c ‘é’]?l‘éagﬁet]%lsﬁoﬁraglsr ced

di ff er encgelRatiRadt soligorfihiet RLUERE ,s%érﬁﬁ%oz@%'tﬂeeSX &ibe AR ch

di stingui sh between X-chronosone bearihg spernat ozoa an - chronosone
beari ng spglometaietore bsing diis ehboditent eftheintvhstial {Figurersy and npsreasing ibght 1 ux
bet ween events. that conpare |ight em ssions, of X-chronosone bearing

sper mat oz §A10GHBeRt Efhs T EBY93 _@FFL%O Wl@l‘ﬁ@g this ebgdwecshal the dnyengon,
oPet e 02 oSG o, SO EhERh R APRThcd LHRLAE TR RS C°
15 photomultiplier tube voltage below 300 volts. The separation rates or sort rates exceeded
4,800 sorts per second average at 12,000 events per second. The increased resolution of
the X-chromosome bearing population (23) and the Y-chromosome bearing population
(24) is dramatic. The data shows that about 8 to about 9 channels separation can be
achieved with this embodiment of the invention as compared to 5 channels of separation
20 between the peaks without the use of this embodiment of the invention. The purity of

both the sorted X-chromosome bearing population and the sorted Y-chromosome bearing

population was about 93%.

Now referring to Figure 10, which shows a univariate histogram and a bivariate
dot plot from sorting of Hoechst 33342 stained stallion sperm nuclei (S-05400) separated
25 using this embodiment of the invention. The nuclei were prepared from freshly ejaculated
stallion sperm. The sperm were washed by centrifugation, sonicated and the resultant
heads and tails separated using Percoll density gradient centrifugation. the isolated heads

were washed, fixed with 2% formalin and then stained with Hoechst 33342. The stained
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measurabl e difference in light flux between events an even smaller
percentage of the total |light flux emtted. This makes quantification of
t he diffewenmesssiBet ween events even nore 5 difficult. By pcadusvingisohhe
hei ght of the beam shape as shown by Figure 13B, the coincidence of

[ tipl head i Wt h. h hei b
Guri ng ¢ heB SRR SRoP T Bt todiin el B S TAnE Stodle s M1 aR0P Reisela
mean di ff eseRb6@t0 BENRARE his@RtanfMBR! sYeﬁnéﬁVIgﬁie? Wi Hbn gée%lttb REMISH feEyeen

X-chronmosone bearing 10 speritat ozoa and Y-chronosone beari ng spermatozoa.
It can al shloféafufdew chenmetanwas obmlertetl iag Aboviehmisntioned Reaborpeasithed eni ssive
event. For particul ar enbodi nents of the invention wused for sorting bovine
sper m whi emputtipliy whega oHmeRRf the ivention dsomppesgatiouries uspdto leveldheiei ght

of the b . I l |i i i.t _has b f ound t hat
Verti cal > bt ot oisPs e iafid ek Dl e AR LR B ik B mBE 5B e
i n resol utthenwo popRefi@isdfrguihe s{dr@lﬂd@lelére tlehrl$ &illyResdHAseD YaSithe i glowie use
of reduced height irradiation beampattern optics can inprove the purity

of sorted Popgluatiasiale Met. X- chr onosone beari ng bovi ne spermatozoa (Fi gure
14A) and sorted popul ati ons of Y- chronosone bearing bovine sperm (Figure
14B) that have been stained with Hoechst 33342 stain. This is true for

both 25% and 40%aqeter@iat @Figrett e HBUMRRIG &cBBRKIy A5 SSENoBRe0fE Ur t her
understood from Figure 14, t%jerereduced heilghtﬁ)ebeamypatternoo% iqg)s‘);can

i nprove puitdmyteninchEpaithatiec oSiperstiozaa parddlependeritle thic canyctotaherofasygect of
t he i nventjon, h as difjcation of photoinultiplier circuitry

enbodi ni(ﬂtf\_‘_{? 3@?{? Teriont &3?1?@@3) pierualdo abag drisgEdviipaean boyutfiemthe used
in conj unctibQnohd Rarbd'e sERgELERD WaRRS %dﬁﬁ%‘ﬁbﬂhe %[%?ﬁ{h 2 e & h@is
invention to increase the purity of separate sperrﬁa 0z0a sanp &5 25 %even

further. Anotihdar iasivandémgan tkn bbeus adboad0osioght Naganlpatsails optics can be
that the transit tinme of the spermatozoa in the excitation |aser beam or
i rradi ati dROBEsAHLsAhe madede ethgr flawrcytnyecter instBwRANtAr Gther deltamicors whick

ithin th | ' . my,. . 24 /,.8591 [ USQ1/ 15150  result
' less srrEidbhlyiasils SRiMIThe fiollo AglRni il rmag el e 14n
it can be migders) prfiddateldchRal fdugadc dabahl fob 88ébarticular embodiment of the

invention.

Another important embodiment of the invention can be a reduced height
irradiation beam pattern optics. As shown by Figure 13A, conventional irradiation beam
shaping optics generate a beam pattern (27) that can have a height can be greater than

20 much greater than the height of the sperm cell head(s) (28) passing through it. Asa
result, more than a single sperm cell head containing fluorochrome bound DNA can enter
the irradiation beam pattern at the same time. In that case, the fluorochrome(s) bound to
the DNAs contained within the multiple sperm heads can be excited simultaneously and
fluoresce within a single emissive event. As such, the prior or subsequent emissive event

25 can include coincident light flux contributed from other sperm head(s) in the beam pattern
(27). This results in a reduced difference in mean light flux between light emissive
events which distinguish between X-chromosome bearing spermatozoa and Y-
chromosome bearing spermatozoa. It can also decrease the difference in mean light flux

between events that compare light emissions of X-chromosome bearing spermatozoa or
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pattern can be used in conjunction with a irradiation beam pattern having
greater area than conventionally used. For exanple, conventional beam
patterns Wdlssech as that shown 5 in Figure 14A, have arpc@atdoptscal
pattern of about 30 um X 80 umwhile the invention when used for sorting
bovi ne sperm generates optimal resolution between X-chronosone  bearing and
Y- chr onos o hEEResORs bsaiing snerprezemh dimperante spinpidentexpitatiom of fluemchrambeam

pattern (29 160 um bheam pattern h approximatel.y 1.3 times
the ar ea%é%m gg‘ge]%’é%?p&% nﬁr&a%ég}% IBS%%&&FH%&S@BE E{’)e Tk n%éhv%‘ be an

i nverse prageutbRifBrehl mAfht Afix 8BS eintd ffevieR SndBEHpRRInRze of teSotaRKES
it possible to increase the excitation |aser power w thout concern for

i ncr easi ndighib 8uk emaitkdat ThonmdbereqyentiGeatioe of ferdititronwa beffeen ceodsiplen, mére an
i nstruneg;gqigfs conventi onal beam shapi ng optics that produce a 30 um X

80umirr UYn beam pattern and the excitation laser is conventionally

powered at 150nMW then particul ar enbodi nents of the invention with a 20
um X 160 um beam 15 pattern can have an excitation | aser powered at 300nW
wi t hout i ncr easByeedubiagtiet ledight afitherieani shpea@y shatvn by @igure il 8BNhe pOi Nt .
Alternately, the excitation |laser_ can be run at 150nmWto take advantage of
the | ower §98icideape obmaHinls spsem hendspeiavighin threfessd dgight beaue (29) pafterdamage,

| onger lasger. life | L ke.. j t o conventi.onal m_shapi ng
optics and COi ﬁ\;lféenﬁngér}glaésg% dpehglﬁ olﬁt‘{btulgigowgﬁsﬁ g%gs ahpl lin?]ieg%etdi%%andgg?arg’é? t he
reduced hejeghéenIBbiiemasivecle@Pivhich disthgaizhbefveen X-sempaRheoBatizp! | er tube
anplification invention can increase the purity of X-chronosone bearing

and Y- cHt chesmtezdsaad holrpoestmae besringobermpéozoat dreram dso raiaeet the A%pn tatalnor e.
The beam shapi.ng .optics i nvention (30) can be.installed to a.fl ow cytoneter
T e T R R b e el v Bedne RO Al BtbpGaneri o the SERNGH 1 o
31) by | ' j - i ped

(31) by |ages for%sﬁiﬁgaadvgﬁ sagnﬁ LMRHhAEDE QRS Bavss 9}@;}1{&%@% %@Hgld@um o

Wi t hin spernmat ozoa can be etected by photonul ti pl
at 0 and 9be Heightafshe béamt cancbet abotih20 funatln tlis appdicetiad, itthae bsgefornddad (28) as

it flows throu the excitatign | aser heam pattern. 25 WO 01/85913
PCT/ US01/ ﬁaﬁs@%@l ﬁ%}ﬁﬁfﬁ @tf &%ﬁﬁ%@%ﬁ{ did gt pravids e pdditienad gam s resslitistnped
through the excitation beamor irradiation beamin a precise nmanner so that
each sperm head is

15 Referring to Figure 14, it can be understood that the use of reduced height

irradiation beam pattern optics can improve the purity of sorted populations of X-
chromosome bearing bovine spermatozoa (Figure 14A) and sorted populations of Y-
chromosome bearing bovine sperm (Figure 14B) that have been stained with Hoechst
33342 stain. This is true for both 25% and 40% sort gates of the univariate peak. As can
20 be further understood from Figure 14, the reduced height beam pattern optics can improve
purity of separated spermatozoa independent of any other aépect of the invention, such as
modification of photomultiplier circuitry embodiment of the invention (new PMT) as
described above, or can be used in conjunction with the modified photomultiplier

embodiment of the invention to increase the purity of separated spermatozoa samples

25 even further.

Another advantage of the reduced height beam pattern optics can be that the
transit time of the spermatozoa in the excitation laser beam or irradiation beam can be

reduced. A reduced amount of irradiation time within the excitation laser beam may
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oriented with the flat surface of the spermhead directed toward the
photorul tiplier tube that is the O degree detector. Accurate neasurenent
of the DN&kgcansent of the 5 spernmatozoa can only be neasurpgd/fdopnsishe fl at
surface of the paddl e-shaped sperm head(28). Thus, only that proportion of
t he sper mat ozlo,a that enter the excitation beamin the proper orientation
can be medSHbR lessStiest @Idpmage tosihe FRAMBEZEY upon DNA content. Now referring
to Figures 17,. 18, and 19, particular enbodi nents of the invention can

al so have an particle or spermcell orienting nozzle (33) that

hydr odynani cal | ¥gdinrefesing k0 Fidige 14Btit eanetst 1idefstooli g thde@udddehehOP&Im
orientation as they pass in front of the photomultiplier(s). As shown by

Fi gure 17,Ppattre eanibsispdi appiciomwithiarradipigon kagrs pettem a2 srettat arbothana
cone-like shape. The internal cgne gradually changes omcirgular at the
Corer | endingefionAgutéd, o Barkitp o ioRal nba® TRBERS (7 Sichiak Bt Bisufh whor e

t |hfa s: res lmhqz%ﬁr@ 14Ahdvelin elﬂgilﬁaplsaiufehp@f a]gbsﬁn) 300@A X080 Gl Athe ARG, t han
elliptical.

f—

us, the internal aspect of the 15 orienting nozzle (34) goes
from a roumbkeneuwsed dorcerting wvirerspemn geélargeeoritmad resolntidn driween Shdirvimpsdraé or e

th i fi 36). Thig int | sh is . further clarified by the cross

segt iorjlnsI C@%ﬂgé@%%éﬁéﬁﬂ%&r{%ﬁ%@g gﬁwilﬁl%{; “ﬂf}eﬁlﬁl?eebef@l. h@@n‘éﬂﬁc WP wrgure 19
d 21 t o . ¢ . . .

ginamst er) I}%an ktagt%%dsgg)w t E (%ﬁé))g\ri\?oeﬁ%atl oﬁg ﬁ[g@?@ gg?%ﬁ)%\;ﬁ\htﬂ&ggggﬁ?ﬁe@? i onal

20 nozzl e)aréS3)theBD am X®0 unebéey phtesin NA8 sudhh thetd qantbe ahafiveree fibpsleion 38) . The
flattened blade (38) can be oriented at an angle 90 degrees fromthe

gr eat estO dpsietsmergydt theqacidentipgy. iThis makes §poashlate Bwreasy thesx¢itipn lape
i nt | d the inject] dl t 0,010 | i
i et o R gl cshld (B 363k 8l Gl fai ok A8 Hhe spCedSrch Lt Pat o

needl e t uhambldRn(iBshumehe hidlcdREhtidhd] BanfsrapEk BBNEShal probeeedelr K

injection tube the bevel ed bl ade can be configured in the paddl e shape

i |1 ustr at edubyirfdgtios beam pTiven pad theeexsiatppadatse walogyertioadlly powsredssi st i n
mai nt ai ni | am par flow of fhe sheath fluid wthin_the pozzle (whether
convent i oglgﬁonh_é\glz%lépww gﬁf’?(ﬁﬁmﬂlﬁﬁ Bé%l.mi‘\gw&a’%}ﬁ{a lzhémf %rﬁzf’@a’t?n 8 of

li quid yaintained e WO HaBaP ke oW 0t b0h T with¥utlilG - Ratiehne tgthpped
bevel ed bl'ade presents less disruption of the objects Injected Into it.
Sper mat 0z canount pHpereacit ihetiocititie poami Adterdatebyy tiof exshatddnhlagdreha beminrdtai ned by
an 150mW to take advantage of the lower per unit area irradiation energy, decreased

irradiation damage, longer laser life, and the like.

In comparison to conventional beam shaping optics and conventional
20 photomultiplier tube amplification devices, the reduced height beam pattern optics
invention and the photomultiplier tube amplification invention can increase the purity of
X-chromosome bearing and Y-chromosome bearing populations of spermatozoa by about

4%, or more.

The beam shaping optics invention (30) can be installed to a flow cytometer as
25 shown in Figures 15 and 16. As can be understood, the light emitted (31) by laser
excitation of fluorochrome(s) bound to the DNA contained within spermatozoa can be
detected by phbtomultiplier tubes (32) situated at 0 and 90 degrees relative to the flat

surface of the sperm head (28) as it flows through the excitation laser beam pattern.
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enbodi nent of the injector tube invention having the paddl e shaped bevel ed
bl ade allows for a 20% 30% 40% 50% or even greater increase in

sper mat oza@ E®EH13Ng rates over 5 conventional injection tuygtwehnshogy.
Hi gh speed sorting of spernmatozoa at rates of about 4,000 to about 10, 000

sorts of each sex per second can be acconplished. Hi gh urity (90% or
greater) of th %95}11?60%5#&9%%@1%ap%%tm%wmeéé&oil&fgﬁwpopu| ations

can be est J . ! r 1 h.nJ t.ube
vent i on StpRot et AR AT G nR0N G Se ol Bled 0 1 ) of
or i n conmbériwaitddomithviteflal Buritdee ofthredpeind et difdkd desadilReshdieneliiplier tupé her

technol ogy such as that described in United States Patent g@i cati on No.
09/ 454, 488hafis tha @ogieq dateptorpaiesaratopwpisueeangnd af W@DNMWM 350, each

h by i ted b f : h by Fi t ai

embod: meht SRR A B ah G BRdaE ot Beor R tee P EneNsGh e Coben e bl ade
paddl e s ha;ma{z&z.emhﬁsg Bnl§aRatiphbd#86n bk YSEmh@IbIMA ddi@Whd ex GRNGN 6T H
grooves (40). The | am nar flow enhancenent grooves (40) assist In

mai nt ai ni ne ardpenbnentatidnoanibe mdasured aéducatelyfand bartddrijaset wort DNA. coAgai.n, t he
enhanced l|amnar flow allows for nore spermatozoa to maintain the correct
orientation in the lamnar sheath fluid flow resulting in higher nunbers

of sortable ev I CH kN 0 0l : r_each
sex o aper mat ouoy e TERLLLT 8D atd R Bl ARk of BSiycron

ori enting dmzitdocha®t bii particleIN sp&in edlherientin® nveid (30Naat Bdtodhasiiedlg foked or m
droplets which encapsulate intact |ive spermas they exit the orifice

(39). EhRaihs fiatencdspem hend islodhepioppr ericpédion ap they passinifrpng ehthent i onal

sperm cel |_.ent r ai.n tiechnol . .portion.of the spermce tail
resi des OLRhSOIté e‘?llngpgrpﬁﬁ‘_e Agrsg%‘fwét% .9*#%&922’2[%%%88%5\30 ﬁzée gﬁselln né)g F‘I‘r?wﬁ%@é)a

I ength of t@bofdtm hZoheke EIRHEC INE $ntSPalORB gtddfally tHabgsl FAAMIBAS & (RS BESUr €

of about 50 pounds per square inch (i.e. the length of tine for the entire

| engt h of endd3§)patona kighly alliptizakshaphneardle orifecei(30)avhee itorstisearexis thaiput 50
ounds per..square ipnch fluid stream.pressuyre)...Conventi onal dropl et

ormat i on TR qaBLp g SuFb R R B G IHES i L eRaGkat PLtfea 14

ni crosegy %&E@g&@%ﬂé {3-49e godd¥om tairGEnd énnfaa&eec% Al RrbQf dii e\s}% 'ﬁg&%ddéx‘?cp' et

waveformin a stream froma nozzle having an 27 1/ 85913

PCT/ USO1/ 1By bedotcftheerife(Iv)a Thiairetraal shhpeais duther Olanified byeicrrssswhétidnscan

be nmade restponsi_ve_ to ari X
of the orienting nozzle shown by Figure 18.

As shown by Figure 19 and 21, the injection tube (37)(which may be about 0.061
inches in diameter) can be used with the orientation nozzle (or with a conventional
20 mnozzle) (33) which can be beveled near the tip to form a blade (38). The flattened blade
(38) can be oriented at an angle 90 degrees from the greatest dimension of the ellipse in
the orientation nozzle (33). The internal diameter of the injection needle can be about
0.010 inch in diameter forming a rounded orifice (39) in the center of the flattened needle

tube blade (38).

25 In particular embodiments of the beveled injection tube the beveled blade can be
configured in the paddle shape illustrated by Figure 21. The paddle shaped beveled blade
can assist in maintaining laminar flow of the sheath fluid within the nozzle (whether

conventional nozzle or orienting nozzle). As such, the laminar flow of liquid maintained
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oscillator operated at about 35 kilohertz. As such, a portion of the sperm
cell tail readily protrudes fromthe droplet. To prevent the sperm cell
tail fronwgrqissedi ng fromthe droplet, one enbodi nent of pdreyddiepiset
encapsul ation invention provides an orifice of 5 about 100 microneters that
can produce dropl et of about 28 m croseconds at about 50 _pounds per

squar e i ncl e padiethapgd keydekblade piggenisiessdisryplanncalie Phiestn g edied infr et

live sper i i [: i . . jnteracts with
t he nozzl eﬂeg@gdoﬁ%%%%gﬁdgra g?trﬁgﬁ%iaﬁilﬁaéq%%%%t? at%muflﬁg{n?elﬁ%el@t %non of the
dropl et cambRlifebtefdecinfaatd tubdinsedti®adsving thd R381cchOSE KeoblaBladahilens of

X-chronosone beari ng zger mw th Y-chronosone bearing 10 sperm and al so
al | ows deflioee 6%, 3p%r ARto2¥P4 or 6Viregmaireingishiedn spgrmatsizoe sobitlg rabpreover t hat

are uniforn eflected ¢ e.direct to collectiaqn surfaces that are
cushi onet Bt zpr G o fibadcetloRy o sty Saohd sedaol il BPhiiabar can be
i nportant JpRuf £06C i Wbous il 66F s HREA deRSEr deloddédnasd a%%:&hgﬁsh%)@.t ﬁf%l

Appl i cation No.” 09/ 001,394, hereby incorporated by reference. W ]h respect

t o sper natprita(F0%6or gichter) ofplec Kedrahosvaretehsng 4l Yihramosente beariggn be

varied to produce draoplet sizes to encapsulate the_varying | engths. of
sperm cel | Pu%é‘ﬁ%%?ﬁ% eéﬁbﬁﬁ}fdl 2 FYHhete higesostyatesa s SHCHNAPHBVERE S ur e of

ropl ot o RhiaR s & pALAPHEboFTIE2RTU: By 3RiepPURRLY BFoE Ao R TIFE,

20, 000 o ot ether p@entsas @askribetl heeasér dRr@&Bnoldgy phddit £ th&trdeseibod ¢h Ualted east
40, 000 drgﬁl ets per second, at |east 50,000 droplets per 20 second, at

| east 60, OUatesPaigniedrplisation Bloo $9/4541488 ea SiterngtiovbP deephrnliscajenr Ngecond, at
| east 80, I r.second, at .|east .90, 000 droplets per second, at
| east 100, ro%llzgﬁi’ ‘3%@2;?“ H’r?BYP&ﬁa&e‘g%YfSﬁefﬂBeto about 200, 000 dropl ets
per second in sone enbodi nents of the droplet encapsulation invention.

Even with the orienting nozzle invention there will be a certain nunber of

25 sper mat ozoa, Apshoyar by Bigess 2 isertdin ambodintenisrod peer hoyeled ibdatiedufedtor tuhe beam

attern. As escri be oye, | he orientatiqn of .a.sperm head is not

Br oper théﬁv‘?rﬁlé’nlﬂﬁlke%eg‘?‘ff@ﬁ‘ge p%délﬁl%%iap%ﬁlvﬁ’%tmgmg& E}?‘Cé‘ﬂ lﬁmH’é‘E 8%upon t he

em ttediiGibncehRht LoUl AT 46Tl BRME 18l cnhiR eRSEBbvdsE UskiginPr OVi de for
I re (u ("RUUS

t he renoval of undesi nori ent ed spermat ozoa or’ particles within
a fluid stmaiatini?ga Whidir 850 13 tHeCTH0S0 L tht5djbor tube. Again, the enhanced

laminar flow allows for more spermatozoa to maintain the correct orientation in the

laminar sheath fluid flow resulting in higher numbers of sortable event rates which in turn

leads to higher sort rates for each sex or spermatozoa.

20 In another embodiment of the invention, the orienting nozzle orifice (39) or other
conventional can be sized to form droplets which encapsulate intact live sperm as they
exit the orifice (39). Encapsulation of the sperm cells does not occur in conventional
sperm cell entrainment technology. Rather a portion of the sperm cell tail resides outside
of the droplet. For example, bovine sperm cells have a length of about 13.5 microseconds

25 when the fluid stream has a pressure of about 50 pounds per square inch (i.e. the length
of time for the entire length of the sperm cell to pass through the irradiation beam at about
50 pounds per square inch fluid stream pressure). Conventional droplet formation
techniques for entraining bovine sperm cells establish a 14 microsecond droplet (i.e. the

time it takes to form a single droplet waveform in a fluid stream) from a nozzle having an
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Referring now to Figures 16 and 20A, it can be understood that accurate
nmeasur enment of the DNA content of a spermatozoa depends upon the fl at
surface ofvgdn’sepaddl e- shaped sperm head (28) being ori entpged/iNoppesby W th
the detector. Thus, only that proportion of the spermatozoa that enter the
excitation beamin the proper orientation as_.5 shown by Figures 16 and 20A
can be nmea¥ifiyvitice dametsrpl ghoptgQmaistpmaters which can be mensls esppagive tegnand

Y- chr onosoqe: ri Q [ upan . CO nt. As wn.,.
R R e R R SR KR T
in proper goteddsdHdm thedBBFkat Fo fRRvEaItiHRIMpen 88l &5l fidn pr@RAingh@h tfA0) t hat
can be shaped differently than the unoriented em ssion signal plot (41)
that is gedreplst ete bybedimend of Grtdeaplesucapatiotiominybion iy videgur @ifRG DI
Natural ly, .th ape of t unoriented . em ssion signal plo 4 ener at ed
by unor i Sritisdt LRGBSt it R0 P PeGe dutRin: ot 2R S cresbioBts SeovHatoper
ori ent ati ofynAs b&qBXEH [+QB ol : 5 €34 | '

i ncl ude tﬁlgeb orisfént tiﬁgrllﬁégi%%moi ?@Eﬂg"ﬁg‘??Jc&)‘@ﬁ%%ﬁﬂ%}@ghgﬁﬂgﬁu (étqg’lgl manner
of ori entseimuesll tihcdtdingtlad @iltpogicap denpéranck]ibntergeas with theafozale ezt apdon t hat
orients the surface of 15 the paddl e-shaged head out of alignment with the

det ect or ({PrREPeE okihe drardeiiand Rbgdeilsgtionoidhe dropls cammbe Bgye asspttieo T hes leads
tati t i i . ) | t
L e 0 Rl e BT

ation may

di ff er eno | spefrii @nd slp6aIl6®s HElEPRIGpeSnatdAh (¢ BEmosPatf@Rmly bdlleskiC Rpéditthaper m
head is not paddl e-shaped, the proper orientation within the excitation

beam or r#&papifely deflepsedeandin Esctpddo eollestiprepunfases thabare geshiefeilbgd by ot her
anat om cal _char Fct.griéti GS .or .signal, .char aé)t eristics. Ig{(ﬁ)lntet he(i ess, an
opti i zed SHOREMIYEF FREPHBE R FPEpied ApLaR5es il R GIPoRPIt P AFIUGHE speci es
Wi thin t hesiRxehd @REEMedh Mﬁﬁé’d@@dﬂe@a‘cﬁﬁﬁ%{aﬁ%ﬁﬁn%.T()bﬁ)(),‘-’f}?a@,ﬂ,dl?e&é%yem ssion

signal plots for subsequent conparison with serial emi ssion events. By
conpar i ng inbapshgdedy(refer¢tive. iWiflerpspaceth speeatozoatfoioh pthef speath ofmassials)
si gnal 5 plot with the standard em ssjon signal plot (or standard

i nt egr aiéo*hgﬂlygn%qn A9 variee o BIoduRdropist siza to FreaRpdatediraniing Jasthstofa

speci es Of iRl MRAIRAR' IS REEMARR PemndlRAlhb! A

subt ract eds rom uSni v rlﬁaltg or %%vg@loate ?ﬁ%g%g%at%eésﬂ%&{&%%%nt ed
sperm can dieamfthé dropldt ertapsilatioyeention cde siill @chieveadrbplat founetidremice df sper m
are not collected into either the X-chronosone bearing popul ati on or the

Y- chr omos df#st 36.08@ draniefs perpigrend, ahleast 20,000 droplets per second, at least 30,000
droplets per second, at least 40,000 droplets per second, at least 50,000 droplets per

20 second, at least 60,000 droplets per second, at least 70,000 droplets per second, at least
80,000 droplets per second, at least 90,000 droplets per second, at least 100,000 droplets
per second and so on up to about 200,000 droplets per second in some embodiments of

the droplet encapsulation invention.

Even with the orienting nozzle invention there will be a certain number of
25 spermatozoa, or particles, which are not properly oriented in the beam pattern. As
described above, if the orientation of a sperm head is not proper then the DNA content
cannot be measured accurately based upon the emitted light. Particular embodiments of
the present invention provide for the removal of undesired unoriented spermatozoa

(RUUS) or particles within a fluid stream.
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29 WO 01/85913 PCT/ USO01/ 15150 Inportantly, as the invention(s) inprove(s)
resol ution between the two spermatozoa popul ati ons bei ng separated which

i ncrease woirsaeid at whi ch the popul ati ons can be separ atrd/fSoonsicne

anot her, and inproves the purity of the populations that are separated. As

such, it is no ssible to sort e tqzoa at remarkaply high speeds. 5
Sortabl e or se&%mn@%m%lsa%%gg%f@% ibeanhe dagst%gdﬁ%%sw%eo Ber second
(not inclydi t BE qnga - i I it Rl

excitation gdesﬁlgg%?i gﬁpﬂh\?\j n o\G/év\s{<§1ﬂt%tts?1fea Sgg?rélle&dtml%reeﬁ 8@8?@ g’fo)ﬁ%af})a%&srgﬁg? g %e event

rates cor rgddleashupddspeighesd@8) deing oriotied proberlpivith thhdabctemThis, caapptiat 5000
to about 11,000 intact |live spermof each sex per second with a purity of
90% 92% Mm3pgrtionef thespgimeaiezaa thatsaterihe vacitpbion bepmdn iIe nrewes RiFEAEOMAS 0

allow fo [ I ] - chronoso bear j and Y-c¢h sonme bearing
popul ati %nsgl\éf%gbgefq F%?ﬁé&é%@%{é} %E &g%%rgt%oac Wgﬁ?ﬁé%fﬁ%ﬁé%@%i gher by
reduci ng  dHieémside KHariﬁglaﬁﬁ qmé}ﬁ&nbwmetaﬁnggspm@ﬁ&ﬁ%sdd WRNINGA BRkneach
sex per second. As can be understood, the above inventions described are

parti cul arAyshommdryt Bigtireds20Azanidi 200, rsgerninéozion giécht trppsi sirohgh therekeitationor
separabl e event rates .and.hi ghest possible 15 resulti ration rates
whpoh can [ath et priggach dunaata it re e sues nanaao AG0RaGn B,
separ at i ong &l diFeR tind GASE [ | east
4,000 sepa?lgel?ii déﬁfg gg?ﬂé‘%c%%d, a%ngbld%gg%&(%{,)%%%ﬂ?gggﬁ ? Ilia(;?lésag%ea%tese ond, at

| east 6]100tosiepad apérorasozopehoveeby Rigurea20D. eldstirallyQthe shaparfahé msieperd second,

at |l east 8,000 separati%s per second, at _|east 9,000 separations per
second, orcTAFsIPRsighalidotdgd) saskated hygHorisued spematpzas Wk yserendmg qrethe

d, i i f.or hi i ng,
Focond, OraGRER Sty TOCOL NGRS LU Bl S SRER PG M EBa o

ot her anatiasiiéedthe@rieata¢ioh cRdwil BAFigHR0CHUREan ATBKEIcHidbh hedtineedfi on bet ween
t he X-bearing chronosonme and Y-bearing chronosome popul ati ons nore

di ffi cul t .orEpttionsthahedete die srictn headay ortian ofie rptation yhak ot pits ths sorfeces
beari ng Y- chr onos ear i.n opul atipng of bovine spermatozoa.can be
i sol at eclzlegge P%@E‘?i%%’?&%@?%ﬁ%ﬁ%‘ﬁ“‘%@%“%‘;}R%i‘ﬁ?%%‘i g%‘%%ﬁ?%ﬂﬂ“%@@%‘ﬁ? bP’fat es of
about 15, 08Qure 135, £QRy psRIdnATaGoRUEN it HEntSBE aRE oPihdtipahs heRT4SESRrbed
above, and Sort or separation rates of intact |ive spérnmatozoa of each sex
( X- chr onpsdigembeiawith theaditbcior hf Sows datirddbapiapg) orientation may be defined

differently from species to species. For some species, in which the sperm head is not

paddle-shaped, the proper orientation within the excitation beam, or relative to the

20 detectors or otherwise, may be defined by other anatomical characteristics or signal
characteristics. Nonetheless, an optimized signal for the properly oriented spermatozoa of

various species within the excitation window can be generated as the standard emission

signal plots for subsequent comparison with serial emission events.

By comparing the shape (or the integrated area or both) of each emission signal
25 plot with the standard emission signal plot (or standard integrated area or both)
established for an oriented spermatozoa of a species of mammal, unoriented sperm can be
identified, the signal subtracted from univariate or bivariate histograms, and the
unoriented sperm can be affirmatively removed, if desired, so that unoriented sperm are
not collected into either the X-chromosome bearing population or the Y-chromosome

30 bearing population.
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of 2000 intact live spermof each sex per second. 30 WD 01/85913

PCT/ US01/ 15150 Now referring to Figures 23 and 24, an enbodi nent of the

i nventi onwgtgilgsggs differential interference contrast techea gy 15@0neasure
the volune of a particle or capsule. A basic enbodi nent of the invention
can conprise particles that have a _difference volune, such as sperm cel

heads (28) thatTRRVE", @ fhegngemtion(sh IpRyoyee) Isselatioilsiwse e dtdsome beari ng
and, Y- chr QIBAONS - ARbLAoAPEIHD SR Mlon BLREL RTRAOGH \fich @g@g&ggr?g@ﬁgur ce

(43) generates &l e onmagn ation or a beamo

radi ati on dafidy skrrivated fiiohl drerdnotiy, @he iiproked the baritysdfithSpsPul diRnetHat &l ¥
responsive to the difference in volume between the par]?i cles or spermcell
heads (28)separdigd. dissveh.dhiggawtnossiblade sert spermatiostr gasmpidablydegh dpeedst , but

coul d al be. huner ous es 10 of el ectronmagneti di ati on including, but
ot 11 mi§ ETRRLE i PR R Fante Sivpan oot 55 PUBRRRRY Gt 1 he 11 ke,
Upon travaehrghidg cBficRRht &eh -Ohuﬁﬁﬂééﬂeﬁn&bz&%%ﬁﬂﬁﬁé&c‘i’t% tectiBAt @l Ni Ng
phase shifting material the el ectromagnetic radiation can be focused

t hrough aminddoy et thewsamedimse)( £6)talda bosepadbleevtrraled 6)rrelespatichizgle t o t he
waveform characteristics of .7tThe.el ctron&gnetic radi ati on, The detector

can be couBPEAIATLOTSRTLRERS Jich Qi b 2DaH 008 torshau) 3 bPOR dRiagh e sPERR pegren
car . _ S8 P
T oo Pk b EoRPRRA adilyityr GRS oBod, B%BY BLAE TROHACHELHRLY °>

vol ume o ihveatipas dlse kRowricr e@n highat pirRy XhehrsingBithe basind a0a Yi-cliregbaies ar eas
or signal shape or bot In certain enbodi nents the invention anal yzing

ot h.
wavef or m disarEperilaiqnsdo baabtapedpf shout 8Tnde phers I8 Moot aver highestatstiveing
characterigtics with altered wavef.orm 20 characteristics upon traversing
ot aic paefloh FUS o R Br0M e PRTE R s et s B8

the vol une of ar eri nposi ng
the initial waveform characteristics and the phase shifted waveform
characteristic can differentially nodulate the intensity of the beam of

el ect romagnet i cAs candicanriderstdad, therheve inhentionodesetibedare partichkarlzmopertandfin phase
o e BAPTEANE S S SR U o M R, ™
o 09, i o, emkahany oy ol byl ves
di st ance @y@0 ssharahiondyser second, at least 3,000 separations per second, at least 4,000
separations per second, at least 5,000 separations per second, at least 6,000 separations
per second, at least 7,000 separations per second, at least 8,000 separations per second, at

least 9,000 separations per second, or at least 10,000 separations per second of each sex

20 per second, or greater.

The invention allows for high speed sorting, as set forth above, of spermatozoa
even when they are difficult to stain, or have other anatomical or chemical features, that
make differentiation between the X-bearing chromosome and Y-bearing chromosome
populations more difficult. Even in these difficult cases, high purity X-chromosome

25 bearing and Y-chromosome bearing populations of bovine spermatozoa can be isolated at
high purity of 92% to 93% by achieving sortable event rates of about 15,000 - 20,000
sortable events per second or higher as described above, and sort or separation rates of
intact live spermatozoa of each sex (X-chromosome bearing and Y-chromosome bearing)

0f 2000 intact live sperm of each sex per second.
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light is split up conpared to conventional DI C m croscopy which corresponds

to the resolution limt of the mcroscope. In this enbodi nent of the

i nventi onwgfigsemnduced split 30 is larger than the size ofpdingso9hsB6t s,

thus giving rise to two individual inmages, separated 31 WD 01/85913

PCT/ US01/ 15150 __l ateral | y, originating fromone object. The second

modi fication i ANQY YfsITing tadrigires Bsangi24, m?@biaqhmjéh@f themwention vidizen as

Savart pl e ve | en i s enbodi nent
i nt"f‘atl 1&6{@&%& gcikg%%ﬁchpgfég}rtt@%e&t?ﬁ? voﬁmé O npgaétrl'nctq )

of the invention is easrer since € brrefri “Rhterials do
not have teapdifte.| QGatie &nibadirtknt bhthe AjeRfibh ¥ is8gartices¢RAYS 4 onal DI C
m croscopes the 5 birefringent material is used in the formof so-called
Wl | ast on dbfferengs, valiwae, sugh es sperbeell heasis (29 thﬁshaueaﬂiféer@b‘p@cwlumehoum ng,

k t bj t | t t h b
Tanuf act LB GCTHLS ) A ERATIHY T6R BB Eo e ROTE ™ SP e forbod mont. of

the i nventdQfofByndR AR08 8sirtd(45} Qﬁlei’%tésrbl&ﬁi%ﬁ gﬁétrtertadlaﬂgn GOGaft o0 - @
source of el ectromagnetic radiatioh , a Mercury 10 arc
| anp; a spéctmalagastjcuatimhon (41) émang 1mﬁaimmﬁjml cmaraatehamuﬂ;ph?ﬂ‘@fefﬁtldlltyer a

pol ari zati on adj ust nent el enent for exanple, a sheet_polarizer (53)
and a wavd&piPeEVve tyfhe differpgednye Wb&w?ﬁlah%am@c%empena cell geads €¥hdenser

(51) all owh%%lécﬁslﬂ gggﬁc ﬁaﬁla'asn %{Lﬂ%&ﬁ 6d Jasi} r@ttm cglﬁatdisslb% naﬁ@o%sb@e%e' L

for exanp COI’I ser ens m Cr OosScC ctive;
a fluid 1 & tdfeﬁﬂlr()ﬁ)iglﬁd%ﬁtradﬁagion‘,fmﬂhldiﬂg, patrrot Binéted @, nsip@ave eldidioh 28)ravidiet f or

exanple a fluid jet ejected under pressure; a light collector (45) to
col | ect t Aadiptigppr ther Umen ﬁamlsleg theqariicde pr capetle ex mméle@d gk gh
wor ki ng dlst nce cro e tube | ens ter
(50) 1o Pt FiEeRaiRy negHEChe “BardBiatat Hiuindiee o8 iR R

pi ece of fahro%jercw@ﬁe% (msatcffwd @hetb&oxt (28) feQpdRsR t@t@waferorm &iaﬁcteﬁ@t‘r%tcﬁd i n
such a way that its orientation and location can be controlled accurately;

i mage | i ghibe déctgmhagnetic rqddBjont d'hs detector canl ye ctdmpleldltg b anadyzee {yondheg to the
particle or ermcell, for, instang pi. nhol es one i nhol e (53)
for eacﬁ5 E %re?t%ﬂtﬁ]éﬁwe?rhp%ﬁgeéi’?ﬁ%f’ hﬁ’flget indhs Wgenbn, t he
component $naeRSi QI RN Ae ol sist i BlunPdf thO BhriibliGinll bEB! wrARHE h(43) or its
i mge are ocatee ' ﬂr{%ﬁ ggckSl cal 1ane o‘lfgﬁt hle I%ingﬁt éong nr%et (45)
of ten ref entenk tfthapatohd a1d daypealitd thamtgamlhaﬁed dihmtdgraereareds dristgnabglape 25
pl ane may best coincide with the object |ight selector (55) or pinhole(s)
(53), in 6F gath. fpcertain embodiments the invention analyzing waveform characteristics can

comprise superimposing initial waveform characteristics with altered waveform

20 characteristics upon traversing the volume of the particle, capsule, or sperm cell head..

Superimposing the initial waveform characteristics and the phase shifted waveform

characteristic can differentially modulate the intensity of the beam of electromagnetic

radiation in manner that correlates to the amount of phase shift media the electromagnetic

radiation traverses. The invention may also include additional filters (48), such as color

25 filters.

Now referring to Figure 24, an embodiment of the optics invention involves using
differential interference contrast optics that increase the actual distance over which the
light is split up compared to conventional DIC microscopy which corresponds to the
resolution limit of the microscope. In this embodiment of the invention, the induced split

30 is larger than the size of the objects, thus giving rise to two individual images, separated

31



capture the light fromindividual particles or spermcells. As shown in
Figures 27 and 28, conponents can be nounted on a sturdy optical table, or
bench, uswaepirssensti ngs, posts, and hol ders. Conponents cacCToesomosnsoed in
such a way that focusing of the object pl ane can be done accurately. This

can be done by equi the fl rean1 stream 32 V[)01/85913
PCT/ US01/ 155EHY: %5%1?15? R i 6Py F&tr %%F&ﬂniﬂgmﬁif@rﬂti%%né@ es PfngPass Ao turn
the strea dj;t equi p
e ot eamichands Qulo il kS W p UG iich SR e, BRCBRBIYHE, SO !
al | owi ng iThig enbedieatietttic ntentidrhie eadi¢rao tconﬂtmnﬁsmddthahyefﬁﬁgemméﬁ@&aﬁ doto

t ake special , care _about the nmounting of the birefringent elenments or beam5
splitter (wbhavedoe laeatedinside HeabjesHve heing: WV%U%P@@ @BPI’@SCQHGWhG

referring bfugﬁﬁ{('ﬁgﬂ a?e?lﬁl ﬁrmg&ifnrfﬁg%o%n%ff sb h:?lllgc{ R agtmtl g &rg% g}?aﬁpﬁv ﬁo

i nclude the us enerated 1fages, 1n or
ori ent ati docapdd 1@s1da$1%m§éd’ti\/@&1bu@ﬂg Tnheﬁdu%&t hb&séadrytduss ek fsbdiveioBfebtied Ng, but
not limted to, ermat ozoa such as bull spermcells. An orientation
assessrrentefl@%ﬁm ‘fﬁ@e@maﬂlﬁ@cwmwlﬁﬁalbaf@rﬂntplumes%n 10 optical system
that allows for control of the polarization state of the |light entering the
system for both generated inmages independently. The interference optics
i nvention may Cfdiﬁﬁ&%tsﬂff%ﬁ'eﬁﬁo@i%eﬁf biztﬁE i RnAch Hal W8 AtraRlc@TE Rhe gv?t@ea&lff'at
controls the polarization state of |ight entering the system For the
ori ent at i ethaieheéconast dfrasmrdeod eteh&omagrmtmzaﬂmtmn (@4), listaxemplech dheatry( 56)

it _ consi sts of two parts, that 15 are

may be sel ec‘t ed in Suﬁiﬁl q
i maged oht?° 2HRgé SPPY @Bf’t@%%? erpeyy for peample, 2prndpis Sdfernamolaszation

t by | ti
the. pol ar (SapTad B e (RO Lo Ysped PoRr b S REE MRATEN Y T

i mge pl amesp()ﬁﬁye to rdiytabis inmgmQtaipht condehses (51)allawtRrie light td be caaim@sddi ng.
A sinple exan&ge of this conponent may be a "hal f- shade' piece, for
i nstance O8HsMSPRFplOPr Wﬁnﬁ@hfm@ﬁa@m caf cg@«iqngerdenslaans@tp&hen@s,rmt erial, 20

such as s oIa [ Q I C be..c en
independe%ﬁosg gC%{Vﬁhgl}gll(?S& {r}rlﬁglgaﬁggﬁ% ﬁ’\‘r,-]yh C#eﬁlqr SP%mo%g 2? t he
hal ves of fﬁﬁéﬂnﬁﬁ@h mhﬁreeejeaib@unde@b@@é@@td 1ht 36IHRST (§H0 Q@ll&hﬂﬁ:@&h‘t n such a
way that the signal of one pinhole (53) corresponds to the volune, and is

rel ativel ;frqrmd@p@mi@npl ¢9lb fortexemplei aefr&xatuglmwodn@ distahce mwroquam@hjg:twbj ect,
and the Ot h tl?be egé ea ean'P sptl]?t (%O) togs % gn(aiegtg%o or more go(ralii};[ongr?t ree,

for example, a piece of birefringent material in the form of a Savart plate, mounted in

such a way that its orientation and location can be controlled accurately; image light
20 selector (55) to select only the light corresponding to the particle or sperm cell, for

instance a set of pinholes, one pinhole (53) for each of the images formed.

In one embodiment of the invention, the components may be arranged in such a
way that the light source (43) or its image are located at the back focal plane of the light
condenser (45) often referred to as Kohler type illumination. The image of the object

25 plane may best coincide with the object light selector (55) or pinhole(s) (53), in order to
capture the light from individual particles or sperm cells. As shown in Figures 27 and 28,
components can be mounted on a sturdy optical table, or bench, using mountings, posts,

~ and holders. Components can be mounted in such a way that focusing of the object plane

can be done accurately. This can be done by equipping the fiuid stream with a stream
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25 upon this orientation angle. The two signals nmay be processed by

anal yzer (47) in a manner simlar to a conventional nulti-channel flow
cytonmet r ywoad/ssu3 one exanple. Wth respect to this exama/udinss) at e
dotpl ots can be nade, and also allow the user to select windows on this

lot. A t. of t hal f - shad d bed be th
D500 01/ BB SERP Ol o s S e ORBW Sy G SYae) ToMHe 18 aie
sai d two hgmitahema g%la th%'s§a§¥ ﬁ{&luﬁft%@i%h@&md %%p(#llyeﬂﬂhgi?%%a g&ﬁ@ﬁseﬁiut the.

way they are generated is fere A mrror bre e |ight
(44) int o pokigiohenntrellerdal anligraing &, to &ndoquserboritd tiesotjée plabadkmbpbback. Each
of the halves trav?rses a separate neans to_control its polarization
state. An DRERPEMY4QEAKSHPEHRICAty bRBITAE MAVRtng of th birefmepy) chamons ordeamngl es

can be thus facilitating the
adj ust rrecﬁr)\g bgﬁéljtﬁg)’ggﬁ}e%qyﬁ#}g%%?r?%?lge%@g%p@éq %Eeiﬂiﬁfe enbodi nent can be
supplied by standard optical supply firms, and can be mounted in the
set-up using simlar nounting materials as used for the interferonetric
optics. Now refM¥owirelgrring tqu@K@Zi@mHOdnmlﬂ%@f the pregent érvention may wlsbact s

i ntroduced havin pass t hrou

transpareﬁ?gﬁ% QOféﬁgﬁefgm S LS AR OF t%d& 1Pﬁ§Pl ﬂEEWhP @ st ream but
i ncl udi ng a@hﬁﬁfetrﬂ%@ﬁﬁh&le@%e&ﬁu@@tkém endpeeh gt ﬁotqimﬁézﬁo PeBaQBk0d ¥R a& ion
di scl ose the incorporation of a conponent Simlar in shape to the non flat
regi on, blulloppwsceles. i An oreniaionfassessratrit wmbodinneantst ofitbe inventimsean inclodeean
specifi case .of a 0 toneter thjs shape ro es a cyll der. To
correct [t Gphgnfy e bacationd @aﬁa&oﬁh%P?lﬁegat@etS%métﬂaLght&afeél@gé 150 be
assessed cabos

ncor por aty aa P oo abhlratel et ihdREh Bl = rhe B RredhB oblics nferkidf may
transpare rfﬁrth@)ﬂrd)vldepolahm&h%djmmﬁmi eletdean@SpR RNt oI the pblaﬁ%)on@fataofll gher
refractive index. It my be_ preferred that the i mage of the stream and of
the conpenight Pprieg %Wﬁ@tema [For ths origptatien defeefiongnpation the pedarizgtige pl ane.

Th! S can %ﬁgﬁ&ngnt%}/etnjh ?{f% q%%el%gtgg ?1{] ?nghla. wa thigtn? n(%nsps(tas Q eplpl xg.? Qﬁ%iz’t anses.

obj ective ns an ane, and ncor por atl

An enbord meimped bt mtgeqlght LR (I@S)tthe(t%bn@aﬁb&ﬁmb@tccﬁttﬁéim%ﬂtwnn a thin

slice of transparent material of higher refractive index (59), for
i nst ance gbua@ns the pivbelep€3). This panebe étpybmph&?hedévly louating dhei folaitater oss it .

Per spex haajus{}nen% e%{]é[ S?9596)t h te clortljuga ep ane o?amel{natgg plgt{le HS), or by using other

optics, to accomplish the same thing. A simple example of this component may be a “half-
shade’ piece, for instance consisting of two hemi-circular parts of polarizing material,

20 such as sheet-polarizer, the orientation angle of which may be chosen independently.
Each pinhole in the image plane can fall in one of the halves of said hemisphere. The
polarization angles can be chosen in such a way that the signal of one pinhole (53)
corresponds to the volume, and is relatively independent from the orientation angle of the
passing object, and the other pinhole (53) has a signal that depends, to a great degree,

25 upon this orientation angle. The two signals may be processed by analyzer (47) in a
manner similar to a conventional multi-channel flow cytometry, as but one example.

With respect to this example, bivariate dotplots can be made, and also allow the user to

select windows on this plot.

An improvement of the ‘half-shade’ piece described above may be the
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round channel into it. The cylindrical hole may be filled by a transparent
material, the 25 refractive index of which is |lower than that of the
surroundi wg omssesi al . The difference in refractive i ndex Fuarvseensishe
substance and the surrounding material can be the same as but opposite to
et ween. the water in_the stream and the

the difference in refractive i b .
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hardware, to facilitate incorporation into the optics. Exactly matching the
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1T1c

e to nma
ot her sel SSTRYUHEE SYRHIAT 1?%%{?&?@&?“?%4 5819 DETCIRAG PRICSS: (58), as but

one exanple, an 10 organic oil, or mxture of oils that have a refractive
index close to the desired one. Due to the fact that the refractive index
of nost fl ui ds Némmefesing to Frigreap@latoudee fo corcdet fopraifsds inttodnceddlyi Idsringor

gl asse 0SSi bl%éto fine-tune the difference in refractive index
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by ten{)oerhﬁthﬁP S ﬂﬁ‘?ggh AEODBlat 188108 Ayranspagin g1k iah guch sagyestartially control | er
60) . ti Q : : i . i i nd
U s pa Rod FOTRANEMoati) ifudd SRR EHcrcs ds WRPLpE SRR bY e TEM e
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Sonme firms even offer fluids that are specially nade to serve as
refracti vdlal reasn. bubipriesite utoras «f ralagjvaraitcdeaiingices- dn Hisispeqife easetof e i ndex.

Tenper at ur. rollers .and _thernostats.are | ied. by many. firnms. . A
practi cal ﬂ\iola‘f/%?%melffﬁgl‘flé Slﬁaé’gtapl?rgx%a esraecfyglgg?ri' \slgdp‘%ﬁrﬁ&fo? %’(‘@i?’%t%lgﬁog%cef@yuse a
hol | ow 1 URd fabgthaRae oBfechadbe desed drcbidied WRhBd AlinddcdlBlrédm 88whidt, ione
exanpl e, containing the refractive index fluid. Using a conventional

i mer si on thérmcomporaitongyfah eptical component () yhichian & dn iheshamwadfartrapapareite

Eg mj?g| T g[s:(p)/ﬁgger} fg%atgg ?r?ss(jer}gdnsga?gn% rrlfa?gr&il r(]%)to?g hleglrh%l% tact?\;e i%déxi. %tenq%? gg
preferred that the image of the stream and of the compensation element fall on top of each
other in the image plane. This can be done by locating the compensation element between

20 the objective lens and the image plane, and by incorporating auxiliary lenses.

An embodiment of the optical component (58) can be located within a thin slice of
transparent material of higher refractive index (59), for instance glass, or perspex, with a
cylindrical hole drilled across it. Perspex has the advantage that it can be easier to drill a
round channel into it. The cylindrical hole may be filled by a transparent material, the

25 refractive index of which is lower than that of the surrounding material. The difference in
refractive index between the substance and the surrounding material can be the same as
but opposite to the difference in refractive index between the water in the stream and the
surrounding air for certain applications. It may not be necessary to have the cylinder the

same size as the stream of water, as long as magnification by the lenses used, makes the
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tenperature. The discussion included in this PCT application is intended to
serve as a basic 25 description. The reader should be aware that the
speci fi c dicsmisssizon may not explicitly describe all enbodiarersos/1pidesi bl e;
many alternatives are inplicit. It also may not fully explain the generic
nature of the.invention,and nma licitly shom1hom1each feature or
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variety of

el emont . Shans ey p R R P P B B b,
t he i nventMamfagudes of sushdlantent outaifiperspét yandse @m‘e@dnﬁle raiideah 6gonE@E h
aspect of the function js acconplished by a device, subroutine, or.
program ApPA F%ﬁ%nl(é%l(’W Frksheng thy glﬁpave(?ﬁpvl%’ée Wﬁ@lnﬂﬁféﬂm&}?ﬂﬁm ofléhe sslested

descri beﬁijHﬁ lait%?a 9(9319 10 é&l‘aﬁﬁ%% s?a ar ncltu ed t addr ess
sl W o diiens AR

the functions the’l Fon an ement per

descri pti Gardvedre! todadiBtabd iREdrPEY oS initd HRMHEds.t O |lmt the scope Of the
claine which now be included. Further, each of the various el enents of the

i nvention and cl ai ns may also be achleved in a variety of manners. This

di scl osure shoul d he under enco ass h suc arlatl , be it
a variation of%%ﬁlﬂ qﬁ@% gﬁﬁgwé%%ﬁgﬁ Fnl ﬁ@?ﬁB&aﬁr
process enhagiioRihat RSl Bd]ﬁ@thﬁeht{cﬁa BEADH 'r@atlde% Qbsafitk @éﬁ@ﬁfétpe%e& hgse.
Particularly, it should be understood that as the disclosure refates to

el ement s @fchetrhelectledmm’uenahra, tremlsparmrrdﬁadtxye ek Hludd €%k borbyndrxampiy, assed by
equivalf(gt apparatus terns_o hod terns -- even if_only the function or

resul t 16 el TRiYEHe 85‘2}55\/@3? ¢ appiiactiae index close Wibp d?ﬁ%ﬁeé 0@@4’@‘#‘? © terns
shoul d be tﬁé’ﬂé‘hﬂﬁf &1@ rEfPac%@% IR @ﬂﬁ??@u gé‘v\lj]a%gesdsgﬁﬁ fe'ngogbt 01?1%% se | ement

or action. Such terns can be substi e desir ke exp icit the

i mpli cit | ythdr wdids,cor\dasageithtayviei polisiblaits fine\en the Biffefereid ielﬁe@tlveﬁiﬁd@ulsy one
exanple, it should be understood that all actions nay be expressed as a
nmeans for TEEREAETEHAEs @ey beAonedry 1§§0raﬁfaéln§WPWWOQHQB@S(G&hat acti on.
Simlarly, each physical elenent disclosed 20 should be understood to
enconpass a disclosure of the action which that physical el enent

facilitates. Reggfdl &ﬁnﬁ&ﬂeﬁt (s f@f BaRpAEnt ARIPMHrePARVERRIER RidstdAR pdi scl osure
of a "droplet separator” shou be understood to enconpass di scl osure of
t he actlofsupplegddryachienycal supply firms. These firms often have data regarding the refractive

index of their fluids readily available. Some firms even offer fluids that are specially

made to serve as refractive index fluids, and have a guaranteed and stable refractive index.

Temperature controllers and thermostats are supplied by many firms. A practical way to

apply heat to the refractive index fluid can be to use a hollow mounting made of heat

20 conducting material, a metal as but one example, containing the refractive index fluid.
Using a conventional immersion thermostat cycler, found in many laboratories, water can

be pumped through the mounting, thus keeping the element at a fixed and controllable

temperature.

The discussion included in this PCT application is intended to serve as a basic
25 description. The reader should be aware that the specific discussion may not explicitly
describe all embodiments possible; many alternatives are implicit. It also may not fully
explain the generic nature of the invention and may not explicitly show how each feature

or element can actually be representative of a broader function or of a great variety of
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droplets" -- whether explicitly discussed or not -- and, conversely, were
there only disclosure of the act of "converting |iquid-gas", such a

di scl osureshimedd be understood to 25 enconpass di scl osur ec@fusai/isiisep! et
separator” and even a nmeans for "separating droplets". Such changes and
alternative terms are to be understood to be _;(n[i)_ljci_tly included in the
descri pt i GHemaHYs oF eduyalont elemenisa A g thesapiaiamlisitly iaghadasn this disclossreof al |
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specific appttiocndt bOdmpNINe@SE £ dficd, Bibrodiftl bE B9 grah AbREARNSain®y mAVh&S

mentioned in this application for patent: or patents, publications, or
ot her ref eménbemncheled fortbeldévicasiescripeg) hut atsp oretlicairor ppaeemntlaiarseminebe by

i ncor porat.e reference.. Specifically, Unjte tates Patent 5 Application
Nos. 20/ 6‘?‘%‘7‘%"1 ‘8@:‘%@? g}‘%f?mgﬂﬁas ﬁ’@/l%%?(’e%n ?aéﬂéfgéﬁ*nﬁa?fé%’g}“i Wﬁ‘b&ﬁt ed by
ref erence 11l i i (FES-T |

ref erenc esdéig%rﬁ{t%g n%? g#ﬁg@mgﬂgleg}égl 1%%&(5)1 ?édr feafhen?lté E%%E %ﬁﬁ%gg yse\?frilllca ]8 (ri%‘grbaet ed by
r ef er ence.in@®@@AVENT NO. DATE NAME CLASS SUBCLASS FI LI NG DATE 32, 350

02/ 10/ 87 Bhattacharya 204 180.1 11/22/74 10 3,687,806 08/29/72 Van den
Bovenkanp 195 1.3 11/04/69 3,829,216 08/13/74 Persidsky 356 36 10/02/72

AR B U B A o

4, 083, 957 aQHieldd ihG \eltty §2fantBrd 21HddibBlosite OulROSURIEARIINS HesepRk 424 105
01/ 24/ 77 4,092,229 05/ 30/ 78 Bhattacharya 204 180 R 10/ 20/ 76 4,155, 831

05/ 22/ 79 Rhaeh suchvarighoR 07 itxogriRtion 0P @1 #8bodimeatiof 249 ap B @s 8Bb&Hy®mnt, a424 105
10/ 11/ 77 20 25. 405 09/ 3&/ 80, Lawson 204 180. R 08/16/78 4, 276, 139
06/ 30/ 81 If%%g% orz}brgcisg Gmﬁo 16}% Prgven merely a variation of any element’of these.

Particularly, it should be understood that as the disclosure relates to elements of the
invention, the words for each element may be expressed by equivalent apparatus terms or
method terms -- even if only the function or result is the same. Such equivalent, broader,
15 or even more generic terms should be considered to be encompassed in the description of
each element or action. Such terms can be substituted where desired to make explicit the
implicitly broad coverage to which this invention is entitled. As but one example, it
should be understood that all actions may be expressed as a means for taking that action
or as an element which causes that action. Similarly, each physical element disclosed ‘
20 should be understood to encompass a disclosure of the action which that physical element
facilitates. Regarding this last aspect, as but one example, the disclosure of a “droplet
separator” should be understood to encompass disclosure of the act of “separating
droplets” -- whether explicitly discussed or not -- and, conversely, were there only
disclosure of the act of “converting liquid-gas™, such a disclosure should be understood to
25 encompass disclosure of a “droplet separator” and even a means for “separating droplets™.
Such changes and alternative terms are to be understood to be explicitly included in the

description.

Additionally, the various combinations and permutations of all elements or

applications can be created and presented. All can be done to optimize the design or
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3. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 1, wherein said step of differentiating
between said sperm cells based upon said sex differentiation characteristic

20 comprises assessing a volume of a capsule containing said amount of DNA.

4. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 3, wherein said step of assessing said
volume of said capsule containing said amount of DNA comprises determining a

volume of a nucleus within said sperm cells.  #

25 5. A method of isolating X-chromosome bearing sperm cells and Y-chromosome

bearing sperm cells as described in claim 3, wherein said step of assessing said
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8. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
20 bearing sperm cells as described in claim 6, further comprising the step of
superimposing said beam of electromagnetic radiation having shifted phase on
said beam of electromagnetic radiation having said initial wave form

characteristics.

9. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
25 bearing sperm cells as described in claim 8, further comprising the step of
comparing electromagnetic radiation intensity of superimposed beams of

electromagnetic radiation with intensity of said beam of electromagnetic radiation
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di scl osed and described, vi) each feature, conponent, and step shown as
separate and 20 i ndependent inventions, vii) the applications enhanced by
t he vari ows) @wsé@ns or conponents disclosed, viii) the ragultdongsesoducts
produced by such systens or conponents, ix) nethods and apparat uses
substantially as descrjbed hereinbefore and wth reference to any of the
acconpanyi ng e gt W@V%ﬁgnk AFREIGAGS: ous combi nations and
pernut ati ons of each of the elenents disclosed 25 In addition, unless the
context requires otherwise, it should be understood that the term
"conprise"l@r VAmdahddeRisslbiidy Hschi @aoRiietRarin®speB BN akd V@ hronddsement ended
toinply the inclusion of a stated el enent or step or group of elenents or
steps but not threringsparmsieds apflesgrhedintedaimed), Sirther comprsing thersteprafup of

el ements or steps. Such t.er shoul d. 50 01/.85913. PCT/ USO 0 .be
interpreted in (Pqi%?nfnl%g?l ex Lg’ﬁ%?& ldf%?ipf‘ﬁ\i\g THEE sgidagy ﬂ@ﬁéﬁ’sﬁs&%m t he
broadests coverggm d @flch¥e REYal Bt Pinsit) beQKRBhA kA8 SuSetiipRed Pkstd ¥ i @ and
the like. The clains set forth in this specification by are hereby

i ncor por at ed byeledfomagneiec radmtipaand efid bérins ofledsatranpegnetic cilidtior haviugnt i on,
and the applicant. expressly reserves the right 5 to use all of or a
portion of suchrth&'%ﬁ%égFéharé%tﬁ?g}?ﬁ of such clainms as additional
description to support any of or all of the clainms or any el enent or
component thereof, and the applicant further expressly reserves the right
to nmove anyl.porAinssthaf oftisoladihg Hfchidreosonredeaiing giced celdaenY -dhfonsasothec! ai s
or any el enent or conponent thereaof fromthe description into the clains
or vice-versa aaHBEsrEEyeells gs descriped iyedained, fither spmpising thegteps @fect i on i s
sought this application or._. ny. equent .conti nuation, division, or
continug?ion-iﬁ%parf%%%%%wga%?gﬁp é&@%ﬁ@)%ﬂwﬁgﬂﬁgpain any benefit of,
reduction in fegs piagaii sal@spedh cbids &R ivkdid flbfiestRatent | aws, rul es,
or regul ati ons of an{ country or treaty, and such content incorporated by
ref erence shal | c. sur vioyaingulroplgtstarpdurahityi awingpen o€ sai¢ sprrnt ¢ells esipphéd at i on

i ncludi ng any subsequent. conti nuation, diVviSion r 15 cont.inuation-in-part
appl i cation theteof B &R 3% Ors}éﬁlg dg‘?ﬁl%tﬁfigjf?ﬁngﬁlwﬁ%%ﬁéd‘ﬁ?n 845D 01/ 85913
PCT/ US01/15150 VI §ekb¥efBation characteristic of said sperm cells entrained in said droplets;

15 e. deflecting each of said droplets; and
f. differentially collecting each of said droplets based upon said sex

differentiation characteristic of said sperm cells entrained in said droplets.

12. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 11, further comprising the step of

20 maintaining said amount of DNA within said nucleus of said sperm cell unstained.

13. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 11, further comprising the step of

staining said amount of DNA within said nucleus of said sperm cell.

14. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
25 bearing sperm cells as described in claim 13, further comprising the step of

irradiating stained DNA within said nucleus of said sperm cell.
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W claim 1. A nethod of isolating X-chronosone bearing spermcells and
Y-chronosone bearing spermcells, conprising the steps of 5 a. collecting
sperm cel w® firseymza mal e of a species of mammal ; b. det er mpuTgs I 15@%
differentiation characteristic of said spermcells; c. differentiating

bet ween sajd spermce]ls hased_upon said sex differentiation

char act eri8tic:& H?eﬂéféip%frléﬂlf"% Srohrapesemedeadnghsrcsls fud Y rphgpmpsome
X-chronmosone b i i : -C . i pul ati on;
and e. produci ﬁ%%{e?%%%%e&g-g g%?%éﬁgg%%@%%%gﬁ%gﬁgﬁgg%rﬁﬁg S%B%geari ng

popul ations of dupeting fRblescan tishiayitted fidmitthdiaied @faitddeRNArwiiia thedHfdend. A
met hod of isolating X-chronosone bearing spermcells and Y-chronosone

beari ng sper m cdispisl spsrrgieeltri bed in claim 1, wherein said step of
differentiating 15 between said spermcells based upon said sex
differentiation characteristic conprises assessing an anount of DNA within

a nucleus 1f. sah ¢hedRST P i§ShtiSy X-BrorfodiBicRariff sgedflcalit At K- ABaene

beari ng spermcells and Y-chronosonme bearing spermcells as described in
clai m 1, wher eibeagng dpamepllsfs déstfibedeintciami vy whbetnweédstsmbfidegqeingm cel | s
based upon said, sex differentiation characteristi.c 20 conpri ses_assessing a
vol une of a capSrescedt Pﬁbll?g}a@dﬁﬁ%ﬁ%ﬁﬁ ithin said nucleps plgidsperaol at i ng
X- chronosone beaidg s IER Y Bl : i.ng spermcells as
described in cl ali r% gl,p%v\ﬁsre&éll n lsgiagikgltaevg o?ggzs?@{eﬂsﬁgllpr%?g%ied vol une of said
capsul e contai ning said anount of DNA conprises determning a volune of a
nucl eus wthin said spermcells. 25 5. A nethod of isolating X-chronosone
bearing sperm c8imethgd gf olaking ppslyrmoseseabsarigs sparmeadisiand Yaehroragwomaed i n
cl ai m 3,,wher eibrg3

saj ep.+0f j ng.sai 52 WO 01/85913 PCT/.US01/ 15150
vol une (%? a caps &F@é 9 T a‘li%%\ll8 rallsg 8%3?1%?&[5!{1%1%18% r |ﬂg§‘§r 805{1%1?5&?%&13 Sgp ﬁ’é vol une of
a spermcell hgrehting-saitt prdtdiRatiphier SR Afdifda Kplddl OPREIEY MR taRGe.SPEr M
cells and Y-chronosone

18. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 14, wherein said step of irradiating

stained DNA within the nucleus of said sperm cell further comprises generating an

15 irradiation beam pattern having a reduced height.

19. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 18, wherein said reduced height
comprises a height about equal to the length of said sperm cells along the
longitudinal axis to about three times the length of said sperm cells along the

20 longitudinal axis.

20. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 19, wherein said sperm cell has a
longitudinal axis of about nine micrometers in length, and said height of said

irradiation beam pattern is about 20 micrometers.

25 21. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
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bearing spermcells as described in claim5, wherein said step of assessing
said 5 volune of said capsule containing said anmount of DNA further

conpri seswigha/sseizeps of : a. generating a beam of el ectr ormprgngdoiGsisadi at i on
having initial wave form characteri sti cs b. traversing said vol une of

sai d capsul e caontai ni ng said anoun 10 wit.h said beam of
el ect romagnet i DerERg sptBhcells as descd ‘?dn‘& éaélin&gr Avherein sg\yg\;t{;pfog,fqﬁnmg

h t t
O et | B SLO R OLTE  sFhy SR ol

X-chronosone begetmgelsper m cel | s and Y-chronosone 15 bearing spermcells
as described in claim6, wherein said step of altering said initial wave
formcharacteristics by traversing said volune of said capsul e conprises

shifting se veformof sai d _bea ctrorra netic
radi ati on. AQ %’%ﬁ ‘gc’fllfmlaé% TRy 8%%??5“5‘&5{{% ?‘Hji fp? Orl??oc‘?gﬂ s and
Y-chr omo§orre %aﬂﬁgl’sl%é}& &8 EaéTHé‘s%hB&l ATA8ar 'f@ﬁl‘i’er'c@n@h@&'ng‘ﬂ@e stépgiget her
conprising the step o super i nposi ng sai d beam of el ectromagneti c

radi ati on havi rggectingfsaieldhpt ageano fromsznatzlsdamingfaneirdce  oinagnatidorifiedhat i on
having said initi.al wav or.m characterlstlcs 9. A nmethod of isolating
X- chr onpsone bé‘a‘#l?’?i'@teEBEF HEOPSehd V- chromosone 25 beari ng spermcell's
as described in claim8, further conprising the step of conparing

el ectromagnetic radiation intensity of superinposed beans of

el ectromagliet i CA madhai 6 DisolatihhXi-dhr@nssoine tebrispiptnnesls afd Elcdmnicoagnet i
radi ati on 53 WO 01/85913 PCT/ US01/ 15150 having initial wave form

char act eri st i csbeating sperpstahlsgs aescribed iclavg 2% dwithsrsemresipedlg sigpsober m cel | s

comr i athg the St ep St HeSBRLPLTELAS R SERENR el Capsui o contal ni ng
sai d amount of YNA h@s@fing light having characteristics differentially responsive to sperm cell
orientation to said detector;
c. converting said light having characteristics deferentially responsive to said
sperm cell orientation into at least one signal containing sperm cell

15 orientation information; and

d. determining orientation of said sperm cell with respect to said detector.

24.  amethod of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 23, further comprising the step of
20 differentially collecting said droplets based upon determined orientation of said

sperm cell with respect to said detector.

25. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claims 1, 6, 12, 13, 17, 18, 21, or 23, wherein
said purity of said X-chromosome bearing and said Y-chromosome bearing

25 populations of sperm cells is selected from the group consisting of between 90%
to about 100%, between about 91% to about 100%, between about 92% to about
100%, between about 93% to about 100%, between about 94% to about 100%,
between about 95% to about 100%, between about 96% to about 100%, between
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5 upon a difference in said light intensity between said superinposed beans
of electromagnetic radiation and said beam of el ectromagnetic radiation
havi ng iwddg@sorsavef orm characteristics. 11. A nmethod of pcaobsiiisgo
X-chronmosone bearing spermcells and Y-chronosone bearing spermcells as
described in claim2, further conprisi ngbthe steps of. 10 a. introducing
sai d sperm cel | ®9uhP8%orapaitd 0974, beiween abair 3B YAp rfowtaliog Ve pastweeaeabput
entrained in sajgh, il yi m c. formng droplets a plurality having one
of said spermc% éstbgtr)l rtzlitogg‘g; d. charging each of said droplets
differentially based upon said sex differentiation characteristic of said
spermcells entrained in said droplets; 15 e. deflecting each of said

dropl ets; ahd fA ra¢the@ptisplating K-edobiesmialipagag kpesm el dndlYegi@hesonased upon

said sex differentiation aracteristic .of sai e ells trajned in
sai d dropl ets. {’?ﬂng,&??@? ﬁ‘%G aﬁ%%%%?‘iﬁ Cﬁ@mf(-le_ T%50w1§%Li°ﬁ§£$6$% cells
and Y- chs0mmDs 0Ngy 6iadih § ehe SRS I eS@blishirfsSa &g%ﬁleté%gnt‘ eGlh me]giour?f urt her
conprising the step of 20 mai ntaining said anount of DNA wthin said

nucl eus of sai deaysiing of bl leant SOG0 sepdrablek3entdperetebard, af lehss 6DOA saparable

X-chronmosone bearing sperm.cells and Y-chronosone beari ng sFer mcells as
described in cl SYSRSPEr seqnfinatdeash i0isepaiable peends Rss segondsatdedst $P0sai d anount

of DNA wi thin S%&)gramécév%ﬂt% p%; ﬁ%gh(g %gf%%{t@b%! Lﬁ%)‘se%a#ge e\%g{yé}ep gé%ﬁgé, se%gel%%%at | ng

X-chronosone bearing sperm-ce chro eari cells

as described i n1GO@) sepidibld evchBiger RO, iabieAd 11 1080S$ERRaE cvdnty 28 kéohBht
stained DNA within said nucleus of said spermcell. 54 WD 01/85913

PCT/ US01P15150 least 12Q0Rsepasable £vemiopaseasgdret densbhbe@hsephrahlciavents per m cel | s

and Y-chronosone bear pe cell.s as described i.n cl|aj 4, further
conprising the $TEP ’51% Pe%ggltd’e((;: |Sﬁ8arﬁli§188‘( Sc%%tseqopgh?tq%ar# ﬁ’@%‘}?ﬁ%ﬁ?ﬁ% radi at ed
stained DNA W t Qjeftsifee seidnbi i IeasPic, D80 SepaPBldRvefislper Secdfd, A1dABIHQMOT
i sol ati ng X-chronosone bearing spermcells and Y-chronbsone bearing sperm
cel | s as descr id{spdrable avienisiped Sscond @t kehst 18 00 sepiaggblo tvabes e seaegd, at least

19,000 separable events per second, at least 20,000 separable events per second, at

15 least 21,000 separable events per second.

27. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claims 1, 6, 12, 13, 18, 21, or 23, wherein said
step of separating said sperm cells comprises a separation rate selected from the
group consisting of at least 500 separations per second, at least 1,000 separations

20 per second, at least 2,000 separations per second, at least 3,000 separations per
second, at least 4,000 separations per second, at least 5,000 separations per
second, at least 6,000 separations per second, at least 7,000 separations per
second, at least 8,000 separations per second, at least 9,000 separations per

second, at least 10,000 separations per second.

25 28. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claims 1, 6, 12, 13, 18, 21, or 23, wherein said
step of forming droplets each having one of said sperm cells entrained comprises a

droplet formation rate selected from the group consisting of at least 10,000
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fluorescent light fromirradi ated stained DNA within said nucleus of said
sperm cell conprises generating a signal with a photorultiplier tube. 17.
A et hod @wip dimeé@dt i ng X- chronosone bearing sperm cel | s angcfyedaieswsone 10
bearing spermcells as described in claim16, further conprising the step

of operating said photonultiplier tube outside a typical operation voltage
range. 18. A NECS'HB](?PSd?eriS@‘(ﬂnét tlepst@Q P drerlstven secon g’flti‘?ﬁétr}ﬂ?@@ldrgplaﬁﬁd

Y- chr onbsome i S [ i i erein said
o T oe i AR B ARG AN ARG IR, diel 80 Mol oW D D1
further conpri sesogt ettt 60gho@NrdSets beasdcaid, anlche FN0N8E1Es ha\setthd@at

reduced height. 19. A nethod of isolating X-chronbsone bearing spermcells

and Y- chr onpsorgast §8400rigoplple Pri teepnds atlsasi 88,000 Weapléthperisatandl @ leasher ei n

sai d redﬁlced hej'n(gﬂﬁ ong%i ses a hei ght about equal to the length of said
sperm cell s al ong {HeTOPSHERATGHR% axis to about three tines the |ength of
said spermcells along the 20 longitudinal axis. 20. A nethod of isolating
X-chronmosone bearing spermcells and Y-chronosone bearing spermcells as
descri bed 2% clAimmeti®] ofiselatng Xsairanepearerheaghg speam calls hohyidhtabhdsaineaxi s of
about nine mcroneters in |ength, and said height of said irradiation beam
pattern is aboul?ealZ‘BgﬁP@?Ib?Fé]tségé‘?scﬁgedzlll.d%&nrﬂeﬂ‘ﬂﬁﬁm%ﬁalii§Eﬁ°éﬂsi0|§§13§(u“’é¢1rom)sorre
beari ng spermc . - me 55 WO 01/85913 PCT/ US01/ 15150

bearing sperm Cc%ﬁq{@m%é‘ﬁ&&%ﬁ geg'ﬁiﬁh claim 18, wherein said step of form ng
droplets conprises formng droplets having sufficient size to encapsul ate
said spermcell. 22. A nmethod of isolating X-chronosone bearing sperm

cel I s and 32 chrdmistboof Bolgbing Xrjrepesomedskring speraests tsky-chrpnadsging 21,
further ;gonprising the step of . ej.ecting.said. fluid.streamifroma . nozzle
havi ng 40 or i 1 sarngBed) s 3 deShPH iR, el GF of b M onet er s
23. A method ofcdngfisal bR gquinsMappsone bearing spermcells and Y-chronmpsone

bearing spermcell's as deScribed in claim?22, further conprising the steps
of :

31. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 1, wherein said species of mammal

comprises an ovine mammal.

15 32.  An apparatus to isolate X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells, comprising:
a. sperm cells having a sperm heads, wherein said sperm heads have a
difference in volume between X-chromosome bearing sperms cells and Y-
chromosome bearing sperm cells;
20 b. a beam of electromagnetic radiation having initial waveform
characteristics differentially responsive to said difference in volume

between X-chromosome bearing sperms cells and Y-chromosome bearing

sperm cells;
c. a detector responsive to altered waveform characteristics of said beam of
25 electromagnetic radiation;
d. an analyzer coupled to said detector, wherein said analyzer differentiates

between said difference in volume between said X-chromosome bearing
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10 a. orienting said spermcells with respect to a detector; b. detecting
| i ght having characteristics differentially responsive to sperm cell
orientatiwodmssdi d detector; c. converting said |ight hawamuso1/15150
characteristics deferentially responsive to said spermcell orientation

into at |east one signal containi. ermcel] 15 orientation infornmation;
and d. deternining OS%,egm %‘?ctgé‘ﬂdﬁ?lggféagc’@ﬁ%qrﬁ? BRSRPEH ¢ ﬁé@fl“&’{%n§g‘ﬁd
detector. 24. a netpRéOf i HaPBtelisRdy onosone bearing spermcells and
Y-chronmosone bearing spermcells as described in claim23, further
conprising the step of 20 differentially collecting said droplets based

upon determ ned orientation of said spermcell with respect to said
det ect or. 335. AnERREYUS o Pelaicatchigmesens basigpeme sellsigdSperamesdme and

_ch 5 .as; -deser | in_clai 17,
Tor 20 or 23, TRRAPEMRA Ly Aokt e Eh 2 el B 0P P s ¢

Y- chromosone beatl wilich Said @pethatdgate iafrodredm cel | s is selected fromthe
group consi sting of between 90% to about 100% between about 91%to about

100% between about 92% to about 100% between about 93% to about 100%
bet ween abgut 94% to about. 1009 bet ween, about 95% to a t, 100% between
SOSRr IRE b A AR ) e St o S o S SRR L R
to about 100% thef rRRAUE 29884 150:dR @tblim B3OMrtRELNMESILIAPAY %?oé’kﬁf?g about
100% 26. A net hoélM%f%hi sol atiang X—lchr om)srgrre’ bear)ieng spél?ér)n c%]le}ss an
Y-chronpsonme bdhfromgsaspBuithstrebh 8 pasalitlgdavingede ofisaidl spemm ck]ls Entralied. 13, 17,

18, 21, or 23, further 5 conprising the step of establishing a separable
event rate fromthe group consisting of at |east 5000 separabl e events per

second, 1(?“35I easAn e atﬁ%%?%&@%%—c%%%ém%ﬁé&% gsﬁ?%n cé’ﬁs alngaYs—Engl%g)?orﬁg gar abl e

events per Second, separ a per ‘secon st

9000 separ abl e teuéing Spdper cetleaoiecrivdd ih @hgh 341@h8RMHh SRPELARLs ekt Sfper
second, at |east 11,000 separable events per second, at 10 |east 12, 000

separ abl e eventfimspiddbié placanphavesusiicienssigo > ensppuime seid orneisajsegperm

cells.

36.  An apparatus to isolate X-chromosome bearing sperm cells and Y-chromosome
15 bearing sperm cells as described in claim 35, further comprising a nozzle having

an orifice of about 100 micrometers in diameter.

37.  An apparatus to isolate X-chromosome bearing spel;m cells and Y-chromosome
bearing sperm cells as described in claim 36, further comprising a droplet charger
coupled to said analyzer, wherein said droplets receive a charge differentially

20 based upon said difference in volume between X-chromosome bearing sperms

cells and Y-chromosome bearing sperm cells.

38. An apparatus to isolate X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 37, further comprising a droplet

separator, wherein said droplet separator separates said droplet based upon charge

25 of said droplet.
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second, at |east 14,000 separabl e events per second, at |east 15, 000
separable events per second, at |least 16, 000 separable events per second,
at | east WO @BG3913separ abl e events per second, at |east 18,AUepsISabl e
events per second, at least 19,000 separable events per second, at |east

20, 000 sepgrabl g event.s er se at 15 least 21,0 able events per
second. 270 A sk frus PSS RERE e hm B hetE ek prib S SPHRREPrE and
Y-chromosone  BRarihdeyRede ﬁ@&ésén@e%i 1H%§4%'3t8€§1rﬂher Srfpri¥nglat 18st do 13, 18,
21, or 23, wherein said step of separating Said spermcells conprises a

separ ati on rat eoflettent c@dltaﬁmemnm whieh dyopletp contaming saihX ehrahososa diearsiif)
separ ati ons per seconld, | east 1, Q00 separat ons 20 per second, at | east
2,000 separ ati GRSTHEF SsaéES?ﬂcFCtthaSIaéé{s? QMOBRINE BEFAIIPOBHAtITh - second, at

| east 4,000 separations per second, at |east 5,000 separations per second,
at | east 6,000 separations per second at | east 7,000 separations per

second, at40l eaAn SpEREus mamlaﬁelma&oﬁe@omeaoa}mf; s@érnh eélktand YOO om@BGhat | Ons
per second at | east 10,000 separations per second. 25 28. A nethod of

i sol ating X- chrhsABBS ARSrmeastls n@d@y@b%mélaﬂg 3gntrtieenrapristienas leagleensi ng sper m
cells as described.in rein said

step of forning°drgpite “toél?aéléé At WSW#@O%?% C%]?ta]s’g}géé sCB%OIHPﬁS(?@Ie\ggarerfﬁ P5HHed

conprises a drapt efe JoPEsrBA hONYLRESSRNRUBENS b gﬁﬂlitnﬁ‘l group consisting of
at |east 10,000 57 WD 01/85913 PCT/ US01/ 15150 opl ets per second, at

| east 20, 000 droplets per second, at |east 30,000 droplets per second at
| east 40, 000 dropl ets S co&& at | east 50,000 dr Ietg{ er second, at
| east 60, 00O dr'dpfRRAE2 B%P”é ChrgpopQILE peardieFoer Iy F ‘3 ¢ EEEPmQ%%nd, at

| east 8y 000 drfpl; % éi’&%eﬁ?ﬁ?&@cn%td ggﬁlﬁﬁ s 980 ﬁ \ﬂ{e?éﬂl@e%lﬁ }@a{ro@‘ogﬁ‘ﬂg’ at

| east 5 100 000 ets per secon Isolatin ronosone
beari ng sperm Q:ehhﬁg pophlé&cmtmﬂman%hrobﬁ)acma@eangrpopomlbﬁ oﬂ&ldﬂ@ﬁmﬁﬂ deﬁd in
claim1l1, wherein said species of nannal rises a bovine mamal

A
met hod of i sol &aVAg PXIBhiedseisdrm B aa%rwrgcew 1Hg e%lpert@/eeh%p‘%ﬁfwhoeﬁé%ﬁe 10
bearing sperm Gell s, a8, 06§, tP8but Dodh Alelyden MG SoR 1S A THRE! §fwal, TRME

about 93% to about 100%, between about 94% to about 100%, between about

, 15 95% to about 100%, between about 96% to about 100%, between about 97% to
about 100%, between about 98% to about 100%, between about 99% to about
100%.

42.  An apparatus to isolate X-chromosome bearing sperm cells and Y-chromosome

bearing sperm cells as described in claim 41, further comprising a separable event

20 rate wherein said separable event rate is selected from the group consisting of at
least 5000 separable events per second, af least 6000 separable events per second,
at least 7000 separable events per second, at least 8000 separable events per
second, at least 9000 separable events per second, at least 10,000 separable events
per second, at least 11,000 separable events per second, at least 12,000 separable

25 events per second, at least 13,000 separable events per second, at least 14,000
separable events per second, at least 15,000 separable events per second, at least
16, 000 separable events per second, at least 17,000 separable events per second,

at least 18,000 separable events per second, at least 19,000 separable events per
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conprises an equine mammal. 31. A nethod of isolating X-chronosone bearing
spermcells and Y-chronosone bearing spermcells as described in claim1,
wher ei n sqigh1®eegi es of manmal conprises an ovi ne mamral .pclfusdzi151A30
apparatus to isolate X-chronosonme bearing spermcells and Y-chronosone
bearing spermcells, conprising: a._ spermcells havi ng[ a sperm heads,
wherein said spertidnatlgsst BAVA0 sepagabls @ieaisasr pesondiat iestrdi Qe eaparekiar onpsone
beari ng sperns e%@ﬁi! i)e?&goﬂ( chronmosone bearing spermcells; 20 b. a beam of
el ectromagnetic radration %avi ng initial waveform characteristics
differentially responsive to said difference in volune between
X-chronosone bearing sperns cells and Y-chronosone bearing spermcells; c.
a det ect o3r espuhgppasatuptodpelate saclmamet@nebetimesocan ¢dlsiand Yothrempsprbeam of

25 el ectromagnetic radi atign; (? n .anal yzer, coupl ed to.said de.ect(%r

wher i n sai o antsPyRE el i deatted M Flal dan e ORI R Y B e
bet ween ssai d X-GRERITRM eSS sisBi WL AP R paetbtdit dhd Gt 16R€T M8
cells and said Y-chronosone bearing spermcells based upon said altered

wavef or m char adt,@d( spacson3Rr séuwond,ph deaat 2)80Q sepastiba ger Xewind patdesat® 0b@ar i ng

spermcells and Y-chronosone _be ri@ qsd)erm cells as described in claim32,
further conpri SERYRORS R secepd.h Hrastsh QO sspaations nessesoadat feasle). 0 ar e

| oduced. 34 AT BBRALRLUSNY O IOl X BALGIIRR URcREA 118 Ay M cel |

and Y-chronosone eari'ng sperm ce escripbed in'claim 33, Turther
conpri si ng dr opkpiratiGisgrk két@nd,ck feabtr UOSRpkafibis b sécoadmt deapd 1o@ i ty havi ng
one of said spermcells entrained. 10 35. An apparatus to isolate

X- chr omdsone begpiragonsnst ascend.|as leasid 0000 separatiaswer snsamd.id.09p separatiduss as
described in claim34, wherein said droplets breaking off fromsaid fluid

stream have sufpfefé‘fcé)ﬁfl' size to encapsul ate said one of said sperm

44.  An apparatus to isolate X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 43, further comprising a droplet
formation rate selected from the group consisting of at least 10,000 droplets per

15 second, at least 20,000 droplets per second, at least 30,000 droplets per second, at
least 40,000 droplets per second, at least 50,000 droplets per second, at least
60,000 droplets per second, at least 70,000 droplets per second, at least 80,000
droplets per second, at least 90,000 droplets per second, at least 100,000 droplets

per second.

20 45.  An apparatus to isolate X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 44, wherein said detector comprises at
least one photomultiplier tube, and wherein said at least one photomultiplier tube
converts said electromagnetic radiation into at least one signal, and wherein said
photomultiplier tube has a typical operation voltage range, and wherein said

25 photomultiplier tube is operated outside said typical operation voltage range.

46.  An apparatus to isolate X-chromosome bearing sperm cells and Y-chromosome

bearing sperm cells as described in claim 45, wherein said typical operation
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cells. 36. An apparatus to isolate X-chronosone bearing spermcells and
Y-chronosone 15 bearing spermcells as described in claim 35, further
conpri si ngoen1rsszidl e having an orifice of about 100 m cr orRETEU1/15150
dianeter. 37. An apparatus to isolate X-chronosone bearing spermcells and
Y-chronmosone hearing sperm.cel | s as. desc in cl 36, f

conprising a dréﬁ?ﬁ?g%ﬁngﬁ?gP‘%ﬂﬁﬁﬁaﬂﬁ&“~aﬁﬂg QP?%ZPS%Rﬁ%@é$ﬂu%§¥%
droplets recei kg@. charge differentially 20 based upon said difference in
vol une between X-chronosone bearing sperns cells and Y-chronosone bearing
sperm cel | s. 38 An apparatus to isolate X-chronosone bearing spermcells
and Y-chro bearing spermcells as described in claim37, further

conpri si nd’a dr pRRarate fodselplg X- C%B%Oé?rﬁeéa%ralgép@m@ft18§éé¥r@11rem0§@ﬁar ates
sai d dropl et _Dasgfng By AL Besihddlin 3kl ] ORbLEh: RS IHSR 1@%6%

PCT/ US01/ 15150 n apparatus to iso e X-chraonos ear

cells ard Y- chropepsaii deagd fiém 3peutn wisits assut desesiided in cl a| m 38,

further conprising at |east one collection container in which droplets
cont ai ni ng said X-chronosome bearing spermcells are collected as an

X- chr onos n Q Imlo 5 40. An ar at us e X- chr onosone
beari ng s%ge c/g? %1%5%@)%1 2%%13 OS%EP?%%BW%@IE‘P@ AL M Bed in
claim 38, furthRhrige %‘eﬂgaﬁes&lﬁ%ﬂtm en¢m 4(104&1}1@1%&1' s‘aﬂl Q&E@bﬂﬁémlﬁlvm' ch
dropl ets containing Y-chronosone bearing sperm cel re collected as a
Y-chr onosone beanipngepoponiag memmalll. An appar at us to i sol ate X-chronosone
bearing spermcells and Y-chronosone 10 bearing spermcells as described
in clains 38 or 39, wherein said X-chronosonme bearing popul ation and said
Y- chr onos be | ' gﬁgg [ el ected
fromthe g?gup[%%h é??ﬁ%1§?m§2%%28§@§%8é to %3&5583 %M&‘a]gg%ﬁ&¥8%ut 91%
to about0 100% H&eﬁmgmrmb:@l]i adRorflseddb olaim U0 O¥herblt sakiespeciadeitharlafid t o about
100% between about. 94% t o about 100% between about 15 95% to about 100%
bet ween about SEWNIECHBLRIAUECDIHMBLt ween about 97%t o

50. An apparatus to isolate X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 41, wherein said species of mammal

comprises an ovine mammal.

15 51. A method of isolating X-chromosome bearing sperm cells and Y-chromosome

bearing sperm cells, comprising the steps of:

a. collecting sperm cells from a male of a species of mammal;
a. assessing a volume of a capsule containing the nuclear DNA of said sperm
cells;
20 c. differentiating between said X-chromosome bearing sperm cells and said

Y-chromosome bearing sperm cells based upon said volume of said

capsule containing said nuclear DNA of said sperm cells;

52. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 51, wherein said step of assessing the

25 volume of a capsule containing said DNA comprises determining a phase shift in
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about 100% between about 98%to about 100% between about 99%to about
100% 42. An apparatus to isolate X-chronosone bearing spermcells and

Y- chr onoswoen1/8eidr i ng sperm cells as described in clai m 4®CTiusoth&iso
conprising a separable event 20 rate wherein said separable event rate is
selected fromthe, grqup consisting of at |east 5000 separable events per
second, at Ieassﬁl%%ﬁ‘grcg‘&?ﬁﬁé‘bﬁa@lagg%nts per second, at |east 7000 separable
events per second, at |east 8000 separable events per second, at |east
9000 separabl e events per second, at |east 10,000 separable events per
second, at53l easA nicth@DEX isephrgakiichrodwsbig heatinggean dellddnd BakiondroRR0
separabl e 25 events per second, at |east 13, 000 separable events per
second, at | eadieaning gorom cellpay dasribesiaplampes whereariaid siep pkasagssing ton0
separabl e events per o?%?%)régl’ec% ta{ﬂg}géa&é&mgg&%ﬁ&?ﬁr abl e events per second,

at least 17,000 separa events ‘east 18, 000 separabl e
events per secand, adenkR@ff a b8ark@icESRALRMC CaBMRM v initA WG 85913
PCT/ US01/ 15150 second, at |east 20,000 separable events per second, at
| east 21, 000 separ abdharactevigiess per second. 43. An apparatus to isolate

X-chronosone bearing spermce]l s and.Y-chronpsonge. .bear | spermcel I s as
described in cﬁ’ai m %?V%fsﬂﬂgtSr?éivojﬁtﬁf)?&q‘&@a@‘q@é‘ﬁ&ml?%%‘é@?\@*&§E‘§éﬁdect ed
fromthe group consighing dctBhabfaRrad@foSRRM ANt RN aP&brs @ﬁé}gaeriﬂ'fcs;l east
1,000 separations per second, at |east 2,000 separations per second, at

| east 3,000 separ atdliensg pad isBdoraiefatn dhaasteridti @0y tespasigt datihvolp@e osecond,
at Ieaslt 5,000 separations per second, at |east 6,000 separations per
second, %t 1east 7, 0Bt c®ederadi ons per second, at |east 8,000 separations
per sec_ond, at ci.eaStanglyQ%%%tgﬁﬁ%%% %ar&%nsﬁgggpsqid b lo%aSt 10, 000
Separati ons per second, : separati ons per second. 44" An apparatus to
i sol at e X- chr onosonelég@hiaggetipedintieel | s and Y-chronosonme bearing sperm
cells as described in claim43, further conprising a droplet fornmation
rate selected fromthe group consisting of at |east 10,000 droplets per 15

::ggzg’ ::54! eaSA mzegho%oo(% isdorlgcﬁllge)%—% o%{osgr%% ggﬁngastpell'rg %éqﬁs a%%’\?—ggro%o% 1|ngt S per

bearing sperm cells as described in claim 53, wherein said step of altering said
15 initial wave form characteristics by traversing said volume of said capsule
comprises shifting phase of said initial waveform characteristics of said beam of

electromagnetic radiation.

55. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 54, further comprising the step of
20 superimposing said initial waveform characteristics and phase shifted waveform

characteristics.

56. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 55, further comprising the step of
comparing an intensity of said initial waveform characteristics with superimposed

25 waveform characteristics.

57. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
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| east 40, 000 droplets per second, at |east 50,000 droplets per second, at
| east 60, 000 droplets per second, at |east 70,000 droplets per second, at
| east 80, @@1/8d918pl et s per second, at |east 90, 000 dropl etrPCcTpEs0188IGONd, at
| east 100, 000 dr opI ets per second. 20 45. An apparatus to isol ate
X-chronosone bea

cel bearing, sperm.cells as
described in cl gﬁgr’%ﬁé %F%‘Eeas%%?albe%d EBP%SDE’S%EWQ?&&‘SQ} Fg%?gto fone
phot onul ti pli er ertéfﬁﬁm ngeﬂd%ﬁms iRl ﬁfle&ﬁﬁ‘ﬁh g@ﬁa@ﬁ@m&w ﬁ%htﬁ'é t ube

converts said e ectro gnetic ra |at|o Into at Feast one signa

wherei n said phfﬂ%mm:dinlspidl iatensitjtisstwesn @id yupedmbodersiionm Ohéiab&ﬁgtlcfsange
and wherein said 25 photonultiplier tube is operated outside said typical
operation vol t 2 spiskigidial wagsformnchasarderitigs to i sol ate X- chronpsone bearing
sperm cells and Y-chronosonme bearing spermcells as described in claimi45,
wherein said typical operation 61 WO 01/85913 PCT/ US01/15150 voltage range
of sai d Pyt omud kiddhddess ksl >%lx chfdmﬁes@ﬁfé%mﬁg)sp\éﬁhbalstﬁldaxh@mton%&nevol ts.
47. An apparatus to isolate chronmosone bearing spermcells and
Y-chronpsone  Hwaringgpesperchs seddseriled idekimiSGetirthar eonapiriingshe sieps ef:n sai d

photorrultlpller t ube 0 ated inh ara rom about 0 volts to about
300 vol ts. . %An ap‘BhP%‘fcffég {%bJ?prnglés %t%fhﬁgﬁ(f%ﬂﬁ bearing spermcells and

Y-chronvsone hear i %nﬁﬂlgrcmlﬁals5@1&%@%%@%@of&l&éﬁn@c%ﬁs eMiffl N sai d

speci es of mammal conprises a bovi ne” mamal . An apparatus to’'isolate
X-chronosone beari ng:h:a@mgwachIolfsaldidd)pYetsﬂnffEMaﬂijastﬂ)ubeatheragsesudr mcells
as descyibed in clai m41 ¥\/nere| n said species of mammal_ conprises an

equi ne tammal . 50. AP ‘éFE?)a d,cappipleicepiammng t%eéﬁ?lﬁ??&]gﬁ@fﬁ@érsp?@ P m cel | s
and Y-chronoso be described in claim4l, wherein

sai d species o;ﬁsma &?e% &?{lg%?%hﬁ)gﬁsﬁe manmal . 15 51. A rret hod of

i sol ati ng X- chreonos aliffeRRaadllyn@lisgaigvaek bf said@tbp¥tchisedsaid Beamedd sperm

cells, conprising the steps of.
said capsule containing said DNA; and

f. generating X-chromosome bearing and Y-chromosome bearing
15 populations of said sperm cells.
59. A method of isolating X-chromosome bearing sperm cells and Y-chromosome

bearing sperm cells as described in claim 58, further comprising the step of

maintaining said amount of DNA within the nucleus of said sperm cells unstained.

60. a method of isolating X-chromosome bearing sperm cells and Y-chromosome
20 bearing sperm cells as described in claim 59, further comprising the step of

forming droplets having sufficient size to encapsulate said sperm cells.

61. a method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 60, further comprises the step of ejecting
said fluid stream from a nozzle having an orifice, wherein said orifice has a

25 diameter of 100 micrometers.

62. a method of isolating X-chromosome bearing sperm cells and Y-chromosome
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a. collecting spermcells froma nmale of a species of manmal ; a. assessing
a volune of a capsule containing the nuclear DNA of said sperm cells; 20
c. differwatiissyng bet ween sai d X-chronobsone beari ng sper maxados/1susd sai d
Y-chronmosone bearing spermcells based upon said volunme of said capsule

cont ai ni ng sai d _nucl ear of sai.d spermgells. 52. A nethod of .isolating
X- chr omosone bi&?ﬁﬂ%%%?ﬂ%ﬁ&gﬁ ﬁlisc‘a‘ﬁ%islg’ciaﬁ?l%b f?"a‘élﬂ?SF%Bwssgﬁ‘@F ffcel s as
described in clai m Setecifieh&idhabiRivihSdsRRn ef1l aﬁaﬁﬁﬁhmﬁ}a%ﬂséé- volune of a
capsul e containing said conprises determning a phase shift in 62 WO
01/ 85913 PCT/ U301/ 15bmtharingisald elgmal iavivegepetnn celt adkdradtionrchata8teridiosad hod of

i sol ating X-chrormsorrgrtafgar_i ng .spermcells and Y-chronosone bearing sperm
cells as described i YRS Orlenpe FRAR celcheradiestish assessing the vol une

of a capsul e cant ai nj ] i - ratj

el ectr oPrigneti c&r adi%e?%élzﬁgge%%gﬁg\%%g gerdr# @%ﬁg@%%l{hg%cﬁ%r%ﬁ gg;ang_
traversing sai di.vol udiefeRhtislai ehleefstiiatd GRithakNhidng aheliday spethceiai d  beam
of electromagnetic radiation having initial waveformcharacteristics; c.
altering said initiathaggtessiéesm characteristics by traversing said vol ume of
10 said capsule; and d. analyzing altered wave form characteristics of said
beam of el ectromagnetic radiation. 54. A nethod of isolating X-chronosone
bearing spgrm cal Ilns,th_aalGfﬁoﬁﬁﬁgﬁoaﬁaﬁos&ﬁ@maﬁag%g&inree@l_@bﬁéya&uaﬁéﬁﬁ@ed in
claim53, wherein said step of altering said 15 initial wave form

char act eri st i csbebying spevercesllngs dacdbadohwteme b8 snd2 whesinl @irtpnpsaidEs

shifting, phase of said init.ial % rm characteristics of said beam of
el ect rohtagneti ¢ %P%ln?ed?‘??“%@‘ﬁg%é&ﬁﬁﬂo%?sqr%%l?e&fm&&%@mnér?gé%}ﬁép%’ari ng

sperm cel | s and.cfs GURAGHE tRIA0SERRERELER S SR BPBdubFo0d ©f al m 54,
further conprising the step o
between about 91% to about 100%, between about 92% to about 100%, between
about 93% to about 100%, between about 94% to about 100%, between about
95% to about 100%, between about 96% to about 100%, between about 97% to
15 about 100%, between about 98% to about 100%, between about 99% to about

100%.

64. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 63, further comprising the step of
establishing a separable event rate wherein said separable event rate is selected

20 from the group consisting of at least 5000 separable events per second, at least
6000 separable events per second, at least 7000 separable events per second, at
least 8000 separable events per second, at least 9000 separable events per second,
at least 10,000 separable events per second, at least 11,000 separable events per
second, at least 12,000 separable events per second, at least 13,000 separable

25 events per second, at least 14,000 separable events per second, at least 15,000
separable events per second, at least 16, 000 separable events per second, at least
17,000 separable events per second, at least 18,000 separable events per second, at
least 19,000 separable events per second, at least 20,000 separable events per

second, at least 21,000 separable events per second.
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20 superinposing said initial waveformcharacteristics and phase shifted
waveform characteristics. 56. A nethod of isolating X-chronosone bearing
sper m cel W® @rsdor¥- chr onosonme bearing spermcells as descrradradoinsiahai m 55,
further conprising the step of conparing an intensity of said initial

57 A ot HBA of AFRHoA fiep R SR BEE G g R S SHAPSPORRT omosome
63 WD 01/85913 ﬂ%%ﬁg%%ﬁ?gs dégggsécfdﬁg EREIR Ghbld 8% g?‘ﬁﬁ% gegglqtsﬂég%ﬁh aim

56, further conprising the step termning said vo capsul e
cont ai ni ng sai cspBiAclitssthpriseda sdparatidh frite sdetal from3hd group tcensiting diat ween
sai d superinposed waveform characterjstics and said initial waveform
charact eri st i csleast 8@ separahiephper sseonds af lgast A0 sensraiions pafesepenh rilgastper m

cell's ang Y- chrfﬁ@@éoﬁggrag@g%grggc:oﬁﬁg{nrl%a%fé,béo 82835 %é?ggcc!n'& Sudlsfhafo

further conprisi’ng r’oducirng sai ernice

fluid stream hsephi@tiohsiir 6coRl ol Seast DOOY SphiatioMAper BELoANLatAéasS&DO0 Sper m
cells entrained; c. charging each of said droplets differentially based

upon t he assesswtardonsdienaewond, af dgagt ‘CaYbasparations rer aeaogdt dideast@Pear DNA of
said spermcells; ._defl ecting,eac said droplets; e. dj entially
col l ecting eac ﬁeggagg}sdaew%p@tag1%5228(?@%?8@@%5& SFORE: agfleasjgiaé’@docapsul e

contai ni ng sai g0 s fecoigner ati ng X- chronosonme bearing and

Y- chr onosone beari ng 5 popul ations of said spermcells. 59. A nethod of

i sol ati ng X-chronosone bearing spermcells and Y-chronobsonme bearing sperm
conprising the step.of rmaintaining

e e Resk g b i shinh S SQIBL] Sk Lhe, S oy of et ol 1
bear i ng sper m abr g A @IPROTRER hIARE! Fhasin 2irth ot FHhRReAES, o)
of fonning drofakkbavingunagl said fpeemenlls GitZmet @omprisRLdraplet HametiGten
cells. selected from the group consisting of at least 10,000 droplets per second, at least
20,000 droplets per second, at least 30,000 droplets per second, at least 40,000
15 droplets per second, at least 50,000 droplets per second, at least 60,000 droplets
per second, at least 70,000 droplets per second, at least 80,000 droplets per

second, at least 90,000 droplets per second, at least 100,000 droplets per second.

67. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 51, wherein said species of mammal

20 comprises a bovine mammal.

68. A method of isolating X-chromosome bearing sperm cells and Y-chromosome
bearing sperm cells as described in claim 51, wherein said species of mammal

comprises an equine mammal.
69. A method of isolating X-chromosome bearing sperm cells and Y-chromosome

25 bearing sperm cells as described in claim 51, wherein said species of mammal

comprises an ovine mammal.
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61. a nmethod of isolating X-chronosone bearing spermcells and Y-chronosone
bearing spermcells as described in claim®60, further conprises the step of
ej ecting weaiidséilzui d stream from a nozzle having an orifi ger/ideen€isn sai d
orifice has a 25 dianeter of 100 microneters. 62. a nethod of isolating
X-chronmosaone bearing spermcells and Y-chronosgone 64 WO 01/85913

PCT/ US01/ 18150 A@éﬁ‘é}r\?%ﬁg}ff%&%ﬁwq@da% COEREFNS Y stspsfai m 58, further
conprises the sfeps &fll:ect"fh ﬂgﬁ@:‘fettf@garﬁclﬁ%-gnal havi ng spermcell orientation
characteristics; b. conmparin Said gnal’ having spermcell orientation
characteristicspto aestablighing sdlavYiuDstahewited fispasymweatd, characteristics; 5
c. determning said spermcell has unoriented spermcell characteristics,;
and d. differentialinyoduingsid agynyngtric ppsicles dw baif dpidgraamori ent ed sperm
cell characterjstics. ?3. A.met hod. of is?IaLiQ% X—frrqﬁggﬁne beari ng sperm
cell's amdl Y- chrbmos oPHENUIRE SH ARy RSt naioles Wth TrsReef 1OPPHO | ai s 58 or
62, wherein purdty Ofet&&hg 1ight H&i@é&%&ﬁ@ﬁc&ﬁﬁéﬂeﬁ@ﬂ?ﬂ@sﬁ%ﬂ'e% chronosone
beari ng popul ati ons of sard spermcells is selected fromthe group

consi sting of betweeny®d¥itopabhocletorief@tion tomidvetevti@bout 91% t o about 100%
bet ween about 92%to about 100% betweeq aboutg%ﬁ%?to. out 100% bet ween
about 94%to abbut 190YFTUBESHEEILRYIE champiristich B HEreatRdg THRATEN about

96% t o about 100% b ﬁ;%%@r- 0 bout 98%to
about 100% between % out é‘gﬁ/ﬁ@eg’ é%ﬁaﬁo%g%%qg%ﬁ[ 3&9%%?£§éﬁ\§iﬁﬂ}ggol ating
X-chronb@ome bear i ngasgp@ieiticpdrtisleandnidtichindomatior, bearing spermcells as

described in claim®63, further conprising the step of establishing a
separ abl e eventl.r at eangh@ing asysEIcricpastielg Brientafjanpiormationsangdel ect ed 20 from

t he group consisting,of at. | east 5000.separabl e.event.s per secqnd, .at | east
5000 separ abl o ‘sventdpapiing SERkaty S SEERV B ST PR BRI pet
second, at |east 80Q9-.s4parable events per second, at |east 9000 separabl e

events per second, at |east 10,000 separable events per second, at |east
11, 000 separabl e events per

71. A method differentiating particles as described in claim 70, wherein said fluid

15 stream comprises a sheath fluid

72. A method differentiating particles as described in claim 70, wherein said detector

comprises a photomultiplier tube.

73. + A method differentiating particles as described in claim 72, wherein said light

comprises florescent light.

20 74. A method differentiating particles as described in claim 73, wherein said
florescent light emits from a light emission material bound to said asymmetric

particles.

75. A method differentiating particles as described in claim 70, wherein said step of
analyzing asymmetric particle orientation information comprises the steps of:
25 a. plotting electronic signal over a period of time;

b. integrating the areas of plots corresponding to said electronic signal; and
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second, at |east 12,000 separable events per second, at |east 13,000
separabl e 25 events per second, at |east 14,000 separable events per
second, aivg A&8$1315, 000 separabl e events per second, at Igastsolss15600
separabl e events per second, at |least 17,000 separable events per second,
at | east 18,000 separabl e events per second, at |east 19,000 separable
events per second, afoMREEE BgeEtoNsSFaIdNets teipisaraions pf ogerehesymaettieast
21, 000 separabl e ev%§&§1g§r second. 65 WD 01/85913 PCT/ US01/ 15150 65. A
met hod of isol ating T ehromsone beari ng spermcells and Y-chronosone
bearing spermcells as described in claim®64, wherein said step of
separating said spermcells conprises a separation rate selected fromthe
group consiGt i néy nesftheg differengiatimpper dpnrsadesorhed pe claie dOnfirthet congaisingl, 000
separations per ast 2, 000 .separ 0 er second, at |east

. t. | . ti
3, 000 separatidﬂgg%%ﬁg@%%gﬁﬁgn%fmg@%@Wnﬂyﬁﬁ m@@bﬁ%ﬁfﬁBﬂgﬁﬁg?H§%cond, at
least 5,900 sepsHatdtRADIRAH aSHeARc Iﬁa}tidl&%}?ﬁh Rs BP0 26PRLEUHONS per second,

at | east 7,000 separations per second, at |east 8 000 separations per
second, at |east 9,000 separations per second, at |east 10,000 separations

per secon 10 66. t hod .of isol.ating X-chronosone bearing spermcells
and Y-chr g?%songm%@éf&%r?ﬁéﬁl% %T"ﬁ@s ardegathed iy elgim 0cWhaeTRIngsid wher ei n
said step of forum . i i cells

ent.r ai ned corrprzlisges égéj?oﬁ?%?a e(;%?grr%% P%Hr%f%}g?g%éée)%feaz ggleggg%%hh@l'gr oup

consisting of at |east 10,000 droplets per second, at |east 20,000
droplets per second, at |east 30,000 droplets per second, at |east 40,000
15 dr opl et 8- perA setienthdifigtenfiating paticloos desepiedin clgin 78 sfsher, comprisingghe

60, 000 dropl et SsteRYE second, at |east 70,000 droplets per second, at |east
80, 000 droplets per " second, at |east 90,000 droplets per second, at |east
100, 0001gr opl et perass@c@Bdhe Golumb o chndicQontafth@iteRficKafDNABSANE beari ng
spermcells and Y-chronosonme bearing spermcells as described in claimb51,
wher ei n sai d speci esspefmpeltsyahd 20 conpri ses a bovine manmal . 68. A net hod

of isolating X-chro me .bearing spermcells and_ Y-c¢chronoso bearj ng
spermcel |'s as escpggtg’ifnp?f”}ﬁ ]%ﬁt%?@%,al éﬁﬁéqlwsgﬁﬁe&e%?‘@@ﬁnﬁsﬁﬁws&}d

Y-chromosome bearing sperm cells based upon the volume of said capsule

containing the nuclear DNA of said sperm cell.

15 79. A method differentiating particles as described in claim 78, wherein said capsule

containing said DNA comprises a sperm head.

80.  Amethod differentiating particles as described in claim 78, wherein said step of

assessing the volume of a capsule containing said DNA comprises:

a. generating a beam of electromagnetic radiation having initial waveform
20 characteristics;
b. traversing said volume of said capsule containing said DNA with said

beam of electromagnetic radiation having initial waveform characteristics;
c. altering said initial wave form characteristics of said beam of
electromagnetic radiation by traversing said volume of said capsule; and

25 d. analyzing altered wave form characteristics.
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conprises an equine mammal. 69. A nethod of isolating X-chronosone bearing
spermcells and Y-chronosone 25 bearing spermcells as described in claim
51, wher ewo @ssei3speci es of mammal  conpri ses an ovi ne nmarpaaluSIsas WO

01/ 85913 PCT/ USO1/ 15150 70. A nethod differentiating particles, conprising
the steps of: a, coll 1 ng,.asymet.ric particles; b. _establishi sai.d
fluid stredm widmeangd @#GE@P ﬁ%ﬂ%ﬁf&wl@ a5 qeperipd &f W&l@ﬁﬁd@éwfp step of
particles into §@iifg khidivthvalib&RBharacterfbticOby Silcrdifl 824 Jo er%EiH!cﬁ?sR@er ticles
with respect to a detector; e. detecting ITght having characteristics

di fferential |l y coagpoasshifingphassyfisaktinitial wavdfomd ehavadteristias.i on to said
detector; g. converting said |ight having characteristics differentially
responsive to asymretric particle orientation into at |east one signal
contai nin 0 a %Fyﬁ B 1 Lent at.l Is i an; ing
asynmetri gg%ar tji§c e %c{rélhgfr?@%llyé% }? aﬁﬁ%%%}t(?e%%%gﬁlgég gt%?ﬂr%]elhnclon ?lglr]%éiﬁ ation
of said &symetsiécofmaptii@pesnydid idigs pestioha chadacteristtds@al esid phdse shiffgat hod
differentiating particles as _described in claim70, wherein said fluid 15
stream conpri se¥avefeyneehamadtenistigs.72. A method differentiating particles as
described in claim70, wherein said detector conprises a photomultiplier
tube. 73. A nethod differentiating particles as described in claim72,
wherein sagyl | i ghtethdPaplelenatitd PirBS6EM debdriel in @ind 42, ArthBL RBBrising the
differentiating particles as described in claim73, wherein said

fl orescent | i ghiteperii compfaripmaaniensytytofeaidgsitielwaetfemn clardptaristict mdsai d
asymmetric particles. 75. A_.met rflod differentiating particles as descri bed
in claim70, wi¥PEiMPesedyvayelmharagictistcsi ng asymetric particl e

orientation information conprises the steps of:

10 84. A method differentiating particles as described in claim 83, further comprising the
step of determining said volume of said capsule containing said DNA based upon

the difference in said intensity.

85. A method differentiating particles as described in claim 80, further comprising the

steps of:
15 a. forming droplets a plurality having one of said sperm cells entrained;
b. charging each of said droplets differentially based upon the determined

volume of said capsule containing the nuclear DNA of said sperm cells;
C. deflecting each of said droplets; and
d. collecting each of said droplets based upon charge of said droplet; and
20 e. generating X-chromosome bearing and Y-chromosome bearing

populations of said sperm cells.

86. A method differentiating particles as described in claim 77, further comprising the

steps of:
a. forming droplets a plurality having one of said sperm cells entrained;
25 b. charging each of said droplets differentially based upon an amount of

nuclear DNA of said sperm cells;
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25 a. plotting electronic signal over a period of tinme; b. integrating the
areas of plots corresponding to said electronic signal; and 67 WO 01/85913
PCT/ USO1/ Waldasers conparing integrations of said plots topdiiewiatisens of
oriented asymmetric particles. 76. A nethod differentiating particles as

described in claim 70, further conprisin differentially collecting said
asymretric partScl es‘%gﬁ%w ??ﬁ[%ﬁ%aﬁn?@f“rﬁ’h%gd 5 orientation of said asymmetric
particles w th espegiielithS@lcH of 81i& Ahclets Habed Apdtrdmanst shishiaehsdti a4d Ng
particles as descri bedle%n g(s: gﬁr% % vﬁerseianesg}i)d agéyém‘restlri églgar’ti cles are
spermcel I's fram a ngneratihg X-shpemiossn@beaniapand Y-GERomAsonet bexting
differentiating particles as described in claim70, further conprising the
steps of: 10 a. asséwlu}?@oﬂﬁ@fwwnﬁﬁusa capsul e containing the nucl ear

DNA of said spermcells; and b. differentiating between said X-chronosone
bearing spermcells and said Y-chronosone bearing spermcells based upon

the vol usregof  sRinthtisRREHeRntiS@NY Firfic1Bdastdeeeribee e clbinkdNES o1 863 aviibraipesia cel | .
15 79. A nethod differentiating particles as described in claim78, wherein

sai d capsul e ot efifaimiggsonicBrAlwakiyhagiag oae shwmidspremaellgentramadet hod
differentiating particles.as, described ip claim78 wherein.said step of
assessing e VEPIEDREERE Lanea TS B B gupri sermyef!
generating a beamoh §liaptiR TBOBGhbSGsel 8l irdch Aile hRHNNG NI nbalaipavef orm 20
characteristics; b. traversing said volune of said capsul e containing said
DNA with said beam of el ectromagnetic radiation having initial waveform
characteristics; c. altering.said.ini tlﬁﬁls wave form characteristics of

sai d beam &% el d&rlnrfetertaingRaaticlstaslpseriosd &t Sonp SSalties PURRIISE Hai d
capsul eygand 2. (e HOFNY Ehid%nAh ESBHFYR o2k Tabig A Ghitob, Shilefsin <48

orifice has a diameter of 100 micrometers.

89. A method differentiating particles as described in claim 88, wherein said X-

chromosome bearing and said Y-chromosome bearing populations of sperm cells
have a purity selected from the group consisting of between 90% to about 100%,

15 between about 91% to about 100%, between about 92% to about 100%, between
about 93% to about 100%, between about 94% to about 100%, between about
95% to about 100%, between about 96% to about 100%, between about 97% to
about 100%, between about 98% to about 100%, between about 99% to about
100%.

20 90. A method differentiating particles as described in claim 88, further comprising the
step of establishing a separable event rate wherein said separable event rate is
selected from the group consisting of at least 5000 separable events per second, at
least 6000 separable events per second, at least 7000 separable events per second,
at least 8000 separable events per second, at least 9000 separable events per

25 second, at least 10,000 separable events per second, at least 11,000 separable
events per second, at least 12,000 separable events per second, at least 13,000

separable events per second, at least 14,000 separable events per second, at least
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WO 01/85913 PCT/ USO01/ 15150 81. A nmethod differentiating particles as
described in claim80, wherein said step of altering said wave form
char act erwst 138913y traversing said vol une of said capsul e PCaOwSoI/i1SIES
shifting phase of said initial waveform characteristics. 82. A nethod

di ff tiati ti ' | ' / [ S| th
S st op of oupori REBehy R PR PRl lpRt B TR sepinih BmERERERUTY 11

phase shifted Jvpassf OF,000CEpaABIENVESE .F@ISseC(&;ﬂ-, atfedgt 1l BOAO defak sHlesiichBigeng
particles as described in claim82, tfurther conprising the step of
conmparing a i ntseedid; gt lefstd2i090ispparitde eveatsatco seerndhant dased(, @20 separablg

superi nposed waveformcharacteristics. 10.84. A nethod differentiating
particles as deeéfg?ﬁsl?gﬁseicﬂn‘il%f%f%,’@lf??aﬁ% ° LB LSRG Fhe step of

determ ning said volune of said capsule containing said DNA based upon the
difference in said intensity. 85. A nethod differentiating particles as
descri befl 9In clAimatldd] differanbietingparpclesasnigsdrived i tleps 88f wherbinaaidfstapmfng

droplets a plurality having one _of said spermcells entragined; b. charging
each of said driSpHaties shid Fesrarfiella crppBses 8 qeRmsHITTRE siecis fometie HBe. of

sai d capsul e C%%Q%@ﬁ;é‘&g%tg&éf‘k'@dofeﬁﬁra% J%gséc%h&', 2% RESM 660 ée?éraﬁo%sgpgél ecting

each of said dro ectin ach of said’dropfets d upon

charge of said sde@f, et leaargD002Bp&ati @B per Skomd) alleadtr3piidsepRafiasipeng and
Y- chr onobsone beari}r(lf popul ati ons of said spermcells. 86. A nethod
di f ferenti at i ngepend; ptlcas 44X0FepEpiiEPer spcendiabderst 5,900 sepeptiensmst i si ng t he

steps of. a. form r opl a plurality hayi f said spermcells
entr ai ni(?j; 25 SS@@&&&?%&%@C%P%? tlos“ﬁipgr é(;erc %%c%fg{]%a%???(?@rsg%%rﬁg?r}sy “based upon
an amount of  nygd.RRAt 1PN 8A000SRBp&aSRRMF §RbAS at Rist\WDRIdeBaRchs per
PCT/ USO01/ 15150 <c¢. deflecting each of "said droplets;

second, at least 10,000 separations per second.

92. A method differentiating particles as described in claim 88, wherein said step of

forming droplets each having one of said sperm cells entrained comprises a

15 droplet formation rate selected from the group consisting of at least 10,000
droplets per second, at least 20,000 droplets per second, at least 30,000 droplets
per second, at least 40,000 droplets per second, at least 50,000 droplets per
second, at least 60,000 droplets per second, at least 70,000 droplets per second, at
least 80,000 droplets per second, at least 90,000 droplets per second, at least

20 100,000 droplets per second.

93. A method differentiating particles as described in claim 77, wherein said species

of mammal comprises a bovine mammal.

94. A method differentiating particles as described in claim 77, wherein said species

of mammal comprises an equine mammal.

25 95. A method differentiating particles as described in claim 77, wherein said species

of mammal comprises an ovine mammal.
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d. collecting each of said droplets based upon charge of said droplet; and
e. generating X-chronosone bearing and Y-chronosone bearing popul ations of
sai d sperwiccqalgssrs 5 87. A nethod differentiating particl ep@Esu@dessisobed in
clainms 85 or 86, wherein said step of formng droplets a plurality having

one of said spermcell ntr.ai.ned conprises.formng droplets having

suf fici ent9%si ;é?@g@#p(iﬁtg{ﬂné%éons%para eYMREME  wherein said sperm cel |
conprises an infact Jiiyg; SReinafhlic HaNA8Yadng 8Hbntash chBrdREBOS within a
differentiating particles as described in claim8Y7, further conprises the

10 step of ejecting faddirtdmj d stream from a nozzl e having an orifice,

wherein said orifice has a dianeter of 100 nj.croneters. 89. A nethod

di ff erenti ati nd- par t3 ¥fadiatin Sﬂ‘é@%g?@?&lngﬁnémglm@Bt?eWF@nﬁwgéﬁ UG-
chronoso beari ng i - chr onosone bearing popul ati ons of spermcells
have a p%nrsi ty sel ec?ggm?@c#ﬁ?ﬁggl&oup consi sting of between 90%to about
100% 15 between abaipticdidddcas shdiitadifiofbehies ween about 92%to about 100%
bet ween about 93%to about 100% between about 94%to about 100% between
about 95%to about algkenbesiomaterploopledds sad apymumettio pogtickkeWieish wirbut
97% to about 100% lbx-%trtrgeen.abouf%.%%i{ E@Eout 10000/ bedt.\/\/%gp.ab ut 99%to
about 100% 20 90. EHSTHSY U FFEFSATY ’é”ﬁ%l’rt“?%?oesél LA in
claim 88, further coppdtbsibindbriatialBtePoriivett Al lighicRtital SaRasamar event
rate wherein said separable event raté is selected fromthe group

consi stilhg of at | eamnis§i00Mmasephbadsl epavesnd partiele osiestatidy cleractdristiss; a6000

separ abl e events per second, at _|east. 7000 separabl e events r second, at
atr dHif

| east 8000 sepdr abl eTARSRZET ¢rupledde spid detggtor, e Ggg 2By RSt s per
25 second, at | east 958/9“ e - - wthifaili 8RS sthehn P00
separable events pesgaghse on%&ﬂgg)allﬁgggtgyslg?lg%rg&gg%%%?gh@vgnts pser second,
at least 13,000 separable events per second, at |east 14,000 separable
events per second, at |east 70 WD 01/85913 PCT/ US01/15150 15,Q00 separabl e
events per?7seccohdartigle igisrantiatgon gperadis s dawribed esiaign Yo rwheeeinprad at 1gast| east

17,000 separabl ¢ xonhRnRel pRRERWmpRte 4T8RE ol FEPar abl e events per

L7

15 98. A particle differentiation apparatus as described in claim 96, wherein said optics
focus a beam pattern having a height of about equal to the length of said
asymmetrical particle along the longitudinal axis to about three times the length of
said asymmetrical particle along the longitudinal axis;

20 99. A particle differentiation apparatus as described in claim 98, wherein said at least
one sperm cell has a head having a length along the longitudinal axis of about nine
micrometers, and wherein said irradiation pattern has a height of about 20

micrometers.

100. A particle differentiation apparatus as described in claim 96, wherein said at least
25 + one asymmetric particle having orientation characteristics further comprises at

least one particle differentiation characteristic.

101. A particle differentiation apparatus as desctibed in claim 96, wherein said light'
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second, at |east 19,000 separable events per second, at |east 20,000
separable events per second, at |east 21,000 separable events per second.

5 91. A mwighadsehisf ferentiating particles as described i n gd@Eimog8siseher ei n
said step of separating said spermcells conprises a separation rate

selected fromthe grou ns| ng,of. at | east 50Q se ati ons er second
or Tonet 1 000 cBSssTRIHar HaRd 1 B Ao ot ENmO e BERC S SRR

second, at lea%%uﬁd%%@a@?ﬂ@&'o?gﬁel RIS %ﬂgﬂ’of%tspéﬁ@ssdflﬁangﬁgl separ atl ons

per second at least 5 separ ons per 10 second, at least 6,000
separations per second, at |east 7 000 separations per second, at |east

8, 000 separations per second at east 9, 00Q separations per second at

| east 10, 308 sé’pﬁ%félﬁ gerggﬁiatw@@mfatuggs descriechier s ¥y wheteiReseiy parti cl es

as descri bed 1 i) e S BlaecPalfe SHERIEL o dRGIMG drBhSlSach

havi ng one of ?al rmcells en ral ne ' sés a ormati on

rate selgcted fsfa@rﬂb&!&ﬁi 19saidPne RASDNIA miéhro@iosbﬁ@?oearhﬁg §Yefin célrscuhﬂ%bﬁi per
second, at |east 20,000 droplets per second, at |east 30,000 droplets per

second, at Ieasmlcktal;DDD\dfﬁrﬁhmmospmebsmeﬂatcelﬂseast 50, 000 dropl ets per
second, at |east 60,000 droplets per second, at |east 70,000 droplets per
second, at | east 80,000 droplets per second at | east 90,000 droplets per

second, atjpheasg Bgt@icﬂquffglgﬁtlﬁ{&lpipﬁﬁrﬁtu@ a8 dés%ﬁg&flm JAm % WRleh@fsaid detector

d|fferent|at|ng articles as describ in claim77, whérein said species
of mammal conprbsgsises ddedshenapimiehultifier uﬁoerrendnw&ienchrfs‘aeimnttoramlhp@erdab@l cles
as described i n claim77, wherein said species conpri ses an

equi ne manmal . hasaggicy OREiRHET Veliage SRt %W@Fﬁeﬁéﬁﬁr@PW‘Qgpl%sﬁeﬂﬁed in
laim?7 wh . 71 WO
018501 per LSh IRl SySBERE fyni oI FAPELBES 10 O 00 At

conprising: a. at |east one asymmetric particle having orientation

characteristics within a fluid streamy b. a irradiation source dgeneratl ng
an irradi d0don Aparicteediforestigizon apparaiug as described in claim 103, wherein said typical

operation voltage range of said photomultiplier tube is from about 400 volts to

about 999 volts.

105. A particle differentiation apparatus as described in claim 104, wherein said

15 photomultiplier tube is operated in a range from about 0 volts to about 300 volts.

106. A particle differentiation apparatus as described in claim 96, further comprising
droplets breaking off from said fluid stream a plurality having at least one of said
asymmetric particles entrained.

20 107. A particle differentiation apparatus as described in claim 106, wherein said
droplets breaking off from said fluid stream have sufficient size to encapsulate one
of said sperm cells, wherein said sperm cells comprise intact live sperm cells

having a tail.

108. A particle differentiation apparatus as described in claim 107, further comprising a

25 nozzle having an orifice of about 100 micrometers in diameter.
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5 asymmetric particle; c. optics to focus said irradiation beam d. a |ight
em ssion material coupled to said asymmetric particle, wherein said |ight
em ssion wat@rssal3 emts light in response to said irradi attcmudseasisoe. a

detector deferentially responsive to said light emtted fromsaid Iight 10

em ssi on erial_base on_said rticle orientat.i characteristics; and
F an analirer AouprEdtrsRelrERar b S rtbell Limiog HRGBE SRS

di fferenti at es gr§AbIbARIIRIPIECtoRAan sl 8s, WASREH JaARDMoPletsQBEcRtd DEhavsd hin
said fluid stream 97. A particle differentiation apparatus as described in

cl ai m 96, wher diffiersatiallyshasedusmn savnbffarsypemptanagat ofsard staihdouvahiheinyeleat

| east one sper I1..,15 98. A particle djfferentiatio aratus as
described in clnﬁil\cf o gX-charospe Cﬁbff‘ tlepﬂglﬁg@qﬁ‘eogrﬁﬁggrf’fr’é’rsﬂnﬁavi ng a
hei ght of abo“ﬁge&i%%é etngctegg | ength of said asymmetrical particle along
the | ongi tudi nal a sptoaout three tines the length of said asymretri cal

particle along the longitudinal axis; 20 99. A particle differentiation
apparatus as described in claim98, wherein said at |east _one spermcell

has a headlBavifpatticledifferenaatpngrparatus ahaescrbedi claiy 0% furispeamptisiee a

m croneters, a enel 1.4 Jjrradiati . I ght out 20
m croneters. 1 9p\q% %%%%r ?&éﬁ%ﬂ t{ofs %{raéan%tyg‘%}i %ﬁ%ﬁ%%%‘g‘?@%%sg% 25cY %g%b in
claim 96, wher giffiersafisllyBast®@Sdn saidldiFBRnESYIIoRihé 6f PAT pdrGtles, BAY iWRBrein
orientation characteristics further conprises at |east one particle

di fferenti at i onsaighkiffaxenes inswaleme afspid prripeles ¢aphprisg # fiffesence fetwean ppar at us
as descyibed in claim9 wherein said I*%H%O 72 01/85913 PCT/ US01/ 15150
eri ssi off mat er iCHTOMBRGHF Hegriag Frerceis e Y GhEonaso THe SISEPEY e conpri ses

a stain bound to nuclear DNA of spermcells of a nale of a species of
manmal . 102. A particle differentiation apparatus as described in claim
101, wher dilih. sa\ partiphr diffetentiatidnfappantus as desoribérhimanddiar 119t furthenepmprssg a
difference in amount of said 5 stain bound to said nuclea

of
X- chr omosone  béPRIRGSeRpRIM WhrPia s dIrepiFiPePHalr separatnAas 5@%%%&%
bearing sperm gglloS.qof said droplet.

112. A particle differentiation apparatus as described in claim 111, further comprising
15 at least one collection container in which droplets containing said X-chromosome

bearing sperm cells are collected as an X-chromosome bearing population.

113. A particle differentiation apparatus as described in claim 111, further comprising
at least one collection container in which droplets containing Y-chromosome

bearing sperm cells are collected as a Y-chromosome bearing population.

20 114. A particle differentiation apparatus as described in claim 112 or 113, wherein said
X-chromosome bearing population and said Y-chromosome bearing population of
said sperm cells are selected from the group consisting of between 90% to about
100%, between about 91% to about 100%, between about 92% to about 100%,
between about 93% to about 100%, between about 94% to about 100%, between

25 about 95% to about 100%, between about 96% to about 100%, between about
97% to about 100%, between about 98% to about 100%, between about 99% to
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103. A particle differentiation apparatus as described in claim96, wherein
said detector conprises at |east one photomultiplier tube, and wherein

sai d photwouhtsspil3i er tube has a typical operation voltageQrarsye/51and
wherein said photormultiplier tube is 10 operated outside said typical
operation vol tag %’?f 104. A particle differentiation apparatus as
described in cl® wherein said typical operation voltage range of
said photonultiplier tube is fromabout 400 volts to about 999 volts. 105.
A particle differentiation apparatus as described in claim 104, wherein
said 15 pHdéboma palpibleaﬁffbmb‘éaﬁog appaedis esldeseribed iamtj;@'mf Yldpnfuatheucongprisong s t o

about 300 volts, 106 ticle differentiati ratu scr.ibed in
claim96, furt s StEBHﬁ?si@ﬁﬁbmg&rSB?ﬂr@llg Y SRR e’i?fq‘ spaF) e(fv?rlg[dﬁw St ream
a plurality ha\éé%sg%e?tfrdn‘?ﬁﬁt r&gﬁco%lsﬁeg & at ISUPTRI0 e Far@lﬁé%béﬂt?ﬁer%@&ﬁﬁ' ped. 20

107. A particle erenti n apparatus as described in claim1

wherein Ssaid depbetGsdparbldd aventopér decard, aalleehtﬁ[)m shpatabhaavaﬂftaper sbiid,ci ent
size to encapsul ate one of said spermcells, wherein said spermcells
conpri se i nt actet [9ayie89separalde peentspayisereng. atdeast SNseparatie eysuy eer

differentiati on apparabis |AB00SREHRREL LR ol Aok d Of ol iR SOIAL! S DG &

25 nozzl e havn’? an’ or’l IC€ (0] cronmeters in

01/85913 PCT/ U%Q@ﬁt@y?éﬁ&coﬁcp%t leAst RAIO0D Garalilé BRMEdr 8ddond, A RPA 168 00 as
described in claim further conprisi n8 a dr&gl et char ger coupl ed to

sai d anal yzer, soparlleevents gerdeepidetdease a0 sepatahler gyents @ﬁlf i‘reé@@htat Emity based

id diff t of t d th
X chr onSkome. <SR ciePab ARHOTHEE SHeT ot [P GO0 B N S 15 GE4Ping

spermcel |'s. 11030.4 PAGA( &Fgragl'efetfﬁ{té'ﬂéﬂs@&drﬂ”aﬁ@&@ﬁ@b@@s%%ra@ﬁaséif%h@ rin
claim 109, further conprising a droplet charger coupled to said anal yzer,

wherein sai d drseqiel st ket @DyWo0 acpatedigerentifef esrcendl Jiaqldast 0008 eprrabiesai d

di fference in vol une of said‘%artlcles @ﬁ erein sald difference in
vol ume of sai d SH&RIEPET s Fhicpt €d.090 geraraie AEBNRAY §R%9AAX 10 chr onpsone
bearing spermcells and Y-chronsone bearing spermcells

116. A particle differentiation apparatus as described in claim 115, wherein said step of
15 separating said sperm cells comprises a separation rate selected from the group
consisting of at least 500 separations per second, at least 1,000 separations per
second, at least 2,000 separations per second, at least 3,000 separations per
second, at least 4,000 separations per second, at least 5,000 separations per
second, at least 6,000 separations per second, at least 7,000 separations per
20 second, at least 8,000 separations per second, at least 9,000 separations per

second, at least 10,000 separations per second, 11,000 separations per second.

117. A particle differentiation apparatus as described in claim 116, wherein said step of
forming droplets each having one of said sperm cells entrained comprises a
droplet formation rate selected from the group consisting of at least 10,000
25 droplets per second, at least 20,000 droplets per second, at least 30,000 droplets
per second, at least 40,000 droplets per second, at least 50,000 droplets per
second, at least 60,000 droplets per second, at least 70,000 droplets per second, at
least 80,000 droplets per second, at least 90,000 droplets per second, at least
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111. A particle differentiation apparatus as described in claim110,
further conprising a droplet separator, wherein said droplet separator
separ at eswsaigsgiBopl et based upon charge of said dropl et . pcIiiRo1AsIarticle
differentiation apparatus as described in claim 111, further conprising 15
at | east one cql [ iner.in which droplets containing said

X- chr onosone ggg?ﬁﬁﬁ@%%?ﬁ%@% ?nsd' are collected as an X-chronosone beari ng
popul ation. 113. A particle differentiation apparatus as described in claim
111, further conprising at |east one collection container in which

dropl et s daéBi aiApadicle@affersnivammappireis an desspbeduneddims] 03¢ whersin seed sngcigs a
Y- chronosone bearin opul ation, 20 114. A particle differentiation

appar at us as d@?&%@@%&@%ﬁ&%%ﬁﬂ%@ﬁ“&%, wherein said X-chronpsone
beari ng popul ati on and said Y-chronosone bearing popul ation of said sperm
cells are selected fromthe group consisting of between 90%to about 100%
bet ween aldft A YattioleadiffetentifiRdhaphatins an dededbied B2dhitmol (@bwherel(A¥ spebt ween
about 93%to about 100% between about 94%to about 100% between 25 about
95% t 0 @bout 1CGIHAHBALREIPTEBOUL CVEWMYIEBbUt 100% between about 97%to
about 100% between about 98%to about 100% between about 99%to 74 WO
01/ 85913 PCT/ US01/ 15150 about 100% 115. A particle differentiation

appar at us 1ae. des ghitierMiffBreatiaion appdratuk WE HERFibeDRVIAif 102, whbRinsda@Psyiekies
establishing a separable event rate wherein said separable event rate is
sel ected from tdignamwealcosunisesan oignomammaleast 5000 separabl e events per
second, at 5 | east 6000 separable events per second, at |east 7000
separabl e events per second, at |east 8000 separable events per second, at
| east 900Q23epad ahhR1EHEBIeAIRRN appRAR8 bonHrisipast 10, 000 separabl e events
per second, at |east 11,000 separable " events per second, at |east 12,000
separ abl e eventas pera f@deheéhmat | east 13,000 separabl e events per second,

at | east 14,00Q separabl e events per second, at  |east 10 15,6000 separabl e
events Yer secdhd, dfltapte%%etsp%}C@ﬁan%cﬁ&%mt%wé@@mdssﬁﬁém;second, at | east

17, 000 separable ev%o%zi%%vﬁlg%]%@fhce%oh&?%icﬂ%aﬁqgné%?e% if§; events per

second, at |east 19 separ e events~per second, east’ 20, 000
separ abl e d. an oscillator responsive to said fluid stream; and

e. droplets breaking off from said fluid stream, wherein a plurality of said
droplets entrain said intact live sperm cells, and wherein said droplets

15 have sufficient size to encapsulate one of said live sperm cells.

122. A particle differentiation apparatus as described in claim 121, wherein said orifice

has a diameter of 100 micrometers.

123. A particle differentiation apparatus as described in qlaim 122, wherein said
droplets breaking off from said fluid stream break off at a rate selected from the
20 group consisting of at least 10,000 droplets per second, at least 20,000 droplets per
second, at least 30,000 droplets per second, at least 40,000 droplets per second, at
least 50,000 droplets per second, at least 60,000 droplets per second, at least
70,000 droplets per second, at least 80,000 droplets per second, at least 90,000 |
droplets per second, at least 100,000 droplets per second.
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events per second, at |east 21,000 separable events per second. 116. A
particle differentiation apparatus as described in claim11l5, wherein said
step of We @E@spaBati ng said spermcells conprises a separ ®ATowrS01/A5150
selected fromthe group consisting of at |east 500 separations per second,

at | east 00 separati.gns r second, at l.east 2.0 S rations.per
second, a'gl 2%?'ea p%%ﬁ%dilﬁngﬁg&gpp&ﬁgarﬁ as g%Sc‘f Bﬁ%’flnac?alpg@g t ﬁg,%ﬁb@rg%séﬁ%% i ons
per second, at |{@ashiRicBdBueePaAitimNEwper second, at |east 6,000
separations per second, at |east 7,000 separations per 20 second, at | east

8,000 separations per second, at |east 9,000 separations per second, at
| east 10, 000 separatjo per second, 11, Q00 .separat.io er second. 117. A
particle déPf erfgﬁi“ihﬁiﬁ Cﬁ%“&%%’t"&t*‘ﬂ@”ﬁ%“&%@%ﬁcpﬁ%‘ﬁmi 1y ]gl%‘n&ftrilér COIREI R 3 sai d
step of form r&%ﬁ@ﬁ?%@%ﬁﬁ?@ﬁ%ﬁ%@h@g one of said spermcells entrained

conprises a dro rmati on rate selected fromthe group consisting of
at |least 10,000 25 droplets per second, at |east 20,000 droplets per

second, at |east 30,000 droplets per second, at | east 40,000 droplets per
second., ‘atl26eagh patichohifacaitionappaatus 8s dessabedin qlaimsk2Sewhomm wibwiast s per

second, at |east 70,000 .droplets per secoend t. | 80Q. 000 dropl ets per
second, at |ea {Veéa?%ﬁelg.h&g? gttl%asgg?e %eé(c(@ﬁ%f}entgathopé:g%? é%gw) 01/ 85913

PCT/ US01/ 15150 100, 000 droplets per second. 118. A particle

differentiati on apparatus as described in claim102, wherein said species

of mammal 12@nprA pasicke diffeienidationrmppiratug 29 desariped i addien 106§ whereint jaad atdeast
apparatus as describ in claim102, . wherein said species 5 of ma I
conpri ses an edifigX fﬁ%tl?‘tl‘ir?g{.ar%%%% FWBn%ﬁsfafVQ}‘Bﬁ? &gg}e@ﬁe aﬁ%’éﬁam as
described in chai, ‘13 ' ' ecies of mammal conprises an ovine
manmal . 121. A%aﬁé%ﬁglm%ﬁlg‘{%ﬁ)?%g?%g apparatus, conprising: a. a fluid

stream 10 b. intact live spermcells introduced into said fluid stream c.
a nozzle having a orifice throu which said fluid streamexits; .d. an

rifi ar ough | s
osci | | atbrl2Bespbagitigle difersntiaionjagprals ag degeriheryin claim 127, wherem said light

emission source emits a beam of electromagnetic radiation, and wherein said beam
of electromagnetic radiation traverses said volume of said sperm cell heads, and
wherein said beam of electromagnetic radiation has initial waveform
characteristics differentially responsive to said difference in volume of said sperm

15 cell heads.

129. A particle differentiation apparatus as described in claim 128, further comprising
an analyzer responsive to said detector, wherein said analyzer differentiates
between said intact live sperm cells based upon said volume difference of said

sperm cell heads.

20 130. A particle differentiation apparatus as described in claim 129, wherein said
volume difference of said sperm cell heads in volume comprises a difference
between X-chromosome bearing live intact sperm cells and Y-chromsome bearing

live intact sperm cells.

131. A particle differentiation apparatus as described in claim 126, an irradiation source
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e. droplets breaking off fromsaid fluid stream wherein a plurality of
said droplets entrain said intact |ive spermcells, and wherein said

dropl ets wbisayg sufficient size to encapsul ate one of sagicd/doyassper m
cells. 122. A particle differentiation apparatus as descri bed in claim 121,
wherein said orific roneters. 123 particle
differentiatiorf ﬂﬁﬁﬁ?%%?fag? ISEEE?IPB%S(?OP%VG ﬁoﬁaﬁlﬁtﬁt INGRPET RE 1Lscm d droplets
breaking off fromsaid fluid streambreak off at a rate selected fromthe
20 group consisting of at |east 10,000 droplets per second, at |east 20,000
dropl ets [é2. <epatidie dfferert@aion3Ppftisds dqmcﬂbed ip@ilaimelédnﬂmmt cdmgassingt 0, 000
droplets per secaond, .at . | east 50,000 dropl ets seco | east 60, 000
dropl ets per s&PBRY Wherein g3id PPticsORRRIFBLY té%b%e}p ma% heighqauab, 000

r opl et S per ds anghe BIepGREE sl i REhOR T %ﬁ@fﬁ@%@?% B atepefhie< 0% 000
di fferenti ati oninggyaBé Bngdth FSadeped bed dfRaidk alony fhk3donditididx axieonpri sing a

| i ght em ssion source generating light. 125. A particle differentiation
apparatus as described in claim124, further conprising a detector

i t i t
Gesori bed P4 crapirurEididion ofwation Geettd b dRerd eBPeBPR P Mas:
one sex differ %&aa&avematga{ ﬁl%hgfﬂeslbhgitudirﬁiam@\opﬁdoht £in8 nflcfohes@ftanat i on
apparatus as described in claim126, wherein said at | east one sex

differetiati om@hanaamlenaéammlpammh&se@legwofmt 20 figometes.of sperm cel |
heads of said intact |ive spermcells. 10 128. A particle differentiation
apparatus as described in claim 127, wherein said |ight enission source
emts a bgap ofy r [ i131S

el ectr omagng]tl C Argl%%t(?g?{gq?%togra?g%agglag%sgﬁg%el o?{ 11glal gvggrre?nle%gq x?tq%eads
and wherei n saind sbediffepdntiali @ tlapangivet icomprists atdi fiereiasin ianicuhbof msleaf or m
characteristics dlfferentlally respon3|ve to said difference in vol une of

sai d sperm 15 I¥dpoffaiddatactling spamnpesls #1devhrreinspidiignbemisrionspecat us as

described in c lc%'mpnjsgsBa 11gh"f }nhgsmncr%%ﬁhlsﬂoﬂgd to nuclear DNA, and wherein said light

15 emission material emits light differentially based upon said difference in amount
of said nuclear DNA, and wherein and wherein said detector generates at least one

signal in response to said light.

135. A particle differentiation apparatus as described in claim 134, further comprising
an analyzer responsive to said detector, wherein said analyzer differentiates
20 between said at least one intact live sperm cell based upon said difference in

amount of nuclear DNA.

136. A particle differentiation apparatus as described in claim 135, wherein said
difference in said amount of said nuclear DNA comprises a difference between X-

chromosome bearing sperm cells and Y-chromosome bearing sperm cells.

25 137. A particle differentiation apparatus as described in claims 136, further comprising
a droplet charger coupled to said analyzer, wherein said droplet charger generates

a charge on said droplets differentially based upon said difference in amount of
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an anal yzer responsive to said detector, wherein said anal yzer
differentiates between said intact live spermcells based upon said vol une
di f f erencwoofi/ss@idd sperm cell heads. 20 130. A particl e didifesoensisati on
apparatus as described in claim 129, wherein said volune difference of

sai d sperm cel | ds_| | ume conprises a difference between

X- chr onosone besgltalerﬁlgc%eiafﬁgy@nt act spermcells and Y-chronsone bearing live
intact spermcells. 131. A particle differentiation apparatus as descri bed
in claim126, an irradiation source 77 WO 01/85913 PCT/ US01/ 15150

gener at i ngt38n A padicke differehbatinnrapppabissiag descoibsdinctlaint B9 furthes copprismgel | s.

132. A particle,differentiation a rafus as descrjbed, in claim131,
Turt her " conpr | SHgiet GBHERE CoURIRLIOGRAL SaI 0 PUFEs: Tt QoI SR ARG Sbeam
pattern having & ,0el i Efflets cﬁ%“&&nﬁﬁ asé&%?poh%@ﬂtxfbhﬂfze dff ex%?%féﬁi%eads

along the longitudinal axis to about three tines the [engt sald sperm
head of 3ai ds adpeng ctlhkeddegidtwitkirgialsaid xoBimel@&ereAceafl saidedperrdicéll Belot i at i on
apparatus as described in claim 132, wherein said sperm heads have a
| ength al ong t HOMIEISES ¢ thdferrace Agtween X-eBpmpsamakeapng searat @ils andiXd 10

wherein said irgpadiati tern h a height of about 20 m croneters. 134.
A particle di ffcﬁée%{ﬁ?qnéﬁ%ﬁﬁgﬁg%@a?eﬁg as described in claim131, wherein

said at |least one sex differentiation characteristic conprises a
difference in amount of nuclear DNA of said intact |live spermcells, and
wher ei n sali3@. | i 4yhertisha &&krsntisiourapparatisrmg desseibedin dlgihts 18iios dBdyfuribarer i al
bound to nucl ear DNA, an rein said light, 15 em ssion material,emts
"aht dif 1 or entoaRpng I an GhteBuT o e P RRa R s P Aea i ot ear
DNA, _angh wher ei giofiael ieh Glof chaled odshigaiiagenerates at | east one  signal
in response to sald light. 135. "A particle differentiation apparatus as
described in claim 134, further conprising an analyzer responsive to said

detector, wherejin said analyzer differentiates 20 _between said at .|.east one
i ntact |iviéVspet sl difgeatiatighapramius adidescaioah teclam 13§prglermer EPPLEN R ar

DNA.~ 136. A parfiGlofl Joilgét%téoﬁ{aiir%? i@%ﬂﬁﬁ%&bﬁet@%mﬂﬁﬁﬁfgj AP rdth Sofel 35

wherein said
bearing sperm cells are collected as an X-chromosome bearing population.

141. A particle differentiation apparatus as described in claim 139, further comprising
15 at least one collection container in which droplets containing Y-chromosome

bearing sperm cells are collected as a Y-chromosome bearing population.

142. A particle differentiation apparatus as described in claim 125, wherein said
detector comprises at least one photomultiplier tube, and wherein said at least one
photomultiplier tube converts light from said light emission source into at least

20 one signal, and wherein said photomultiplier tube has a typical operation voltage
range, and wherein said photomultiplier tube is operated outside said typical

operation voltage range.

143. A particle differentiation apparatus as described in claim 142, wherein said typical
25 operation voltage range of said photomultiplier tube is from about 400 volts to

about 999 volis.

79



difference in said anmount of said nuclear DNA conprises a difference

bet ween X- chronpbsone bearing spermcells and Y-chronosone bearing sperm
cell's. 25wbBimssf3particle differentiation apparatus as deswi/issdi5isocl ai ns
136, further conprising a droplet charger coupled to said anal yzer,

wher el n sl 0T RBhELICHRLIRBIBLARES oo AeCHBLOR GlnPPLOWALORLENE

differentiall upon sail rence | n anount
PCT/ US01/ 15150 pheainthlfiplidredse i@Nﬁeraﬂeafim afaripafionChl®ud 0 vbRs Bndboat 3G vaRpar at us
as described in claim129, further conprising a droplet charger coupled to
sai d anal yzer, wherein said droplet charger generates a charge on said

dropl ets dj ff tiall . id vol di f f. f said.5
cel T heada 4Sandaeri JoeSRatisr Phe Bise Sl G Oih St BldeiRentc
conprises a di fsfai%fﬁllﬁf‘on%b%%a?i‘%%ﬁépﬁﬂ@%rﬁﬁdQﬁa'&f—ﬂlﬂroﬁi@%lﬁb%%ﬁ% and Y-

chronmsonme bearing spermcells. A particle differentiation apparatus as
descri bed i n clmipoktia df said §B3Bm deils hinera puwiypelegedom thie gpiuptcosesiagatior ,

wherein said dropl et separator rates said 10 droplets based upon
charge of sai d RFBet Ohioy utk&%%tw_él%wtr%rém%gﬁf 1)96107&10‘?5‘:5‘?’%&_ Ol
described 1 n ¢l @oMoatRus { 0ok v ERITOLEIN 1o Bloul BIRH, AEPIREIAR 1,
contai ner in whi¢h droplets containing sal & °Chr onSsoms - bear | ng sperm

cells are col | etbed (0%,dtwechAbouIES0F® dboat 1 009s,mepideatabott 9624 fo abduparti cl e
differentiation agparat us as described in claim 139, further conprising 15
©

at | east one col00&sbebyeeaehewiF &y ta avohl We.debyrice rRoOEA afmibegt N hr onpsone
bearing,spermcells are ¢ ct.ed Y- chr onosone beari ng popul ati on.

142. A b(grti cl gbea‘f’?qnealbgﬁtt%%a%f’i%ﬁboélﬁgg?%t us as described in claim125,
wherein said detectof conprises at |east one photonultiplier tube, and
wherein said at |east one photonultiplier tube converts light from said

| i ght emni skiton Aperticte diffexentigtidnespparal @ asdescsibeghil claionth Swiienther pommpiiiging

hot [ tipli tub . typi I ti | t ; d i
Do phot ol ¢ 15 786 of A b G sorRanc sUrL s POl Ty PR DI eRe g
vol tage range. s%fe%ted%rog?pgé pﬁ% Sids{s8h&BE 1atdsPHoRRRALAb M SvaSs faSetdded: i n

claim 142, wherein sai
least 6000 separable events per second, at least 7000 separable events per second,

15 at least 8000 separable events per second, at least 9000 separable events per
second, at least 10,000 separable events per second, at least 11,000 separable
events per second, at least 12,000 separable events per second, at least 13,000
separable events per second, at least 14,000 separable events per second, at least
15,000 separable events per second, at least 16, 000 separable events per second,

20 at least 17,000 separable events per second, at least 18,000 separable events per
second, at least 19,000 separable events per second, at least 20,000 separable

events per second, at least 21,000 separable events per second.

147. A particle differentiation apparatus as described in claim 146, wherein said step of
separating said sperm cells comprises a separation rate selected from the group
25 consisting of at least 500 separations per second, at least 1,000 separations per
second, at least 2,000 separations per second, at least 3,000 separations per
second, at least 4,000 separations per second, at least 5,000 separations per

second, at least 6,000 separations per second, at least 7,000 separations per
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25 operation voltage range of said photonultiplier tube is from about 400
volts to about 999 volts. 79 WD 01/85913 PCT/ USO1/ 15150 144. A particle
di f f er ent watdimaodppar at us as descri bed in claim143, wher @QT/68I/A5150
photonul tiplier tube is operated in a range fromabout 0 volts to about 300
volts. 145 A partic I & f ntiat i ' i.n. clainms 140
or 141, wherei nsec%néif %iﬁféjstt:E’r@@%g‘%arrr@%lgg?ﬁ%g&%g%ﬁ?%%?b@%%%@r%g&é P %r chronosone

bearing 5 populgtdfanatdbast a0 D06 REFaRMtAL bér BevtRl, a1,000 sdpyrgidohepéradedndom t he
group consisting of between 90%to about 100% between about 91%to about
100% between about 92%to about 100% between about 93%to about 100%
bet ween about 94%t.0 ut .100% between about 95% to about 100% between
about 96% % 'ab%ﬂ'f“%mlf(fgg‘gre Emp% 1 RS- about  100% bet ween about

98% to about 10Q0% LO;het aﬁ@@ié{)%n%%%ﬂc@? @?@f&ti&@&?@ha}%@eﬂsﬁmpa”i cle

differentiation appdratus as descri in clarm 145, further conprising

t he stepsof estmbl i Shligiy emisipedoahiealiffareniallyatspomties & saidpdrtdcisepar abl e
event rate is selected fromthe group consisting of at |east 5000

separ abl e events perdifgieahtiongharaciegisicss000 separ abl e events per second, at

| east 7000 sepgy abl it S%gtgcgrge p%'EonE\ﬁﬁSl[i]eqw ei‘é%glf,eid ﬁﬁfét&gﬁggnf@g)g{ﬁ%%sg geht S

per second, at 1 east ar apl e even secon

separabl e events perybeeadsts Biht RS baid lighdnis@pasakéeintemasdssomadig®gcond,
at | east 12,000 separable events per second, at |least 13,000 separable

events per second, amndvdmseinsdidpbotosuititisfubedventyigrdppgatanltage | east
15, 000 parabl e events pe econd t least,.1l 000 separabl.e events per
second, f‘go at | east fﬁ%’%gﬁé ?’i’ﬁ’&%ﬁ%pal&%rﬁ@phgﬁugee@ooﬁﬁfa A\ Q%§e5§a1<§8, 000

separabl e events pery,ReCHthtiodlvolig@stndd«MP0 separabl e events per second,

at | east 20,000 sepafable  events per second, at |east 21,000 separable
events per secahd. Id7analzparesponswedo fdidatdndst ané opna ppacladifiSreasatdescri bed

in claim146, wherein said step-of . separatjng sai.d spermcells conprises a
separation rate sel o5 hash tprn %j‘%‘f)??ﬁ“@%dhf&%%‘}tﬂlf’ﬁﬁﬁ%'f“’t%}?s“ic%ast 500
separations per second, at |east 1,000 separations per second, at |east

2,000 separations per second, at |east 3,000 separations per
15 149. A particle differentiation apparatus as described in claim 148, wherein said typical

operation voltage range of said photomultiplier tube is from about 400 volts to

about 999 volts.

150. A particle differentiation apparatus as described in claim 149, wherein said

photbmultiplier tube is operated in a range from about 0 volts to about 300 volts.

20 151. A particle differentiation apparatus as described in claim 148, further comprising a

irradiation source generating an irradiation beam responsive to said particles.

152. A particle differentiation apparatus as described in claim 151, wherein said light
emission source comprises a light emission material bound to said particles which
. emits said light in response to said irradiation beam.
'
25 153. A particle differentiation apparatus as described in claim 152, wherein said light

emission material bound to said particles comprises a stain bound to the nuclear
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second, at |east 4,000 separations per second, at |east 5,000 separations
per second, at |east 6,000 separations per second, at |east 7,000

separ ati ow® @@s59180 WO 01/ 85913 PCT/ USO01/ 15150 second, at HGIaAs012518300
separ ations per second, at |east 9,000 separations per second, at |east
10, 000 separ at iIS’,IQ%.(H% eﬁﬁgaﬁd, 11, 000 separations per second. 148. A
particle differentiatton apparatus, conprising: a. particles having at

| east one particle differentiation characteristic; 5 b. a light em ssion
source differentially responsive to said particle differentiation

char act er i 9t cA paticks differentiatimeapphiotus as Hescpbedin claibel Swhwdiewimsashi d at

| east one photonultiplder .. tube converts light fr. said |light emssion
source into at Mt BreEingialn Pt oG fembiires ol BSRE B ANTRE I £ ube has
a typical operatdiRBomf hRIBcE HRAWTX-BREmMMGHE kfkriAdels RRPIHR MUt EAAbNAr tube
is operated outside said typical operation voltage range; and d. an

anal yzer5 r espongi¥rehtomsaing basringespstm oells. si gnal which differentiates
particles based upon said particle differentiation characteristics. 15 149.
A particle differentiation apparatus as described in claim 148, wherein

bout 460 561 1 X FRERIQRARLLRRR (PR9R; 2 0GR PRCRE L PRl Sl o O

appar atus as deseidi®esinpiises lafiagymihbricwaeictd. n said photonultiplier tube is
operated in a range fromabout O volts to about 300 volts. 20 151. A
particle differentiation apparatus as described in claim 148, further

conprisin irradiati source generati an irradiatj eam responsi ve
Co ai d parpi o sERnRlageRRHE R BPRARE hefiPrd i GRnEhi Pt RECUuS TR he
in claimi151, vihekeidfoead shid irfHilatiof Bb&S kPSP ©BaliHPid]S SPheeih bAAT

em ssion nmaterial bound to said particles which enmts said light in
responst0t o saiaptics ferub atiiradiativeqritemhayBg. a eighof rledut equdl fethe erigdt dOn

apparatus as described in claim152, rein.said.light m ssion materi al
ot 1o sar d- Far asgr B e A bl gidhe reHBiRa 4% oy EREReS

length of said asymmetrical particle along the longitudinal axis.

157. A particle differentiation apparatus as described in claim 156, further comprising a
fluid stream into which said particles are introduced.
15
158. A particle differentiation apparatus as described in claim 157, wherein said at least
one particle differentiation characteristic comprises orientation of said asymmetric
particle within said fluid stream, and wherein said photomultiplier tube is
deferentially responsive to said light emitted from said light emission material
20 based upon said particle orientation characteristics, and wherein said analyzer
coupled to said photomultiplier tube differentiates between said asymmetric

particles based upon orientation within said fluid stream.

159. A particle differentiation apparatus as described in claim 158, wherein said

asymmetrical particles comprise sperm cells having sperm cell heads.

25 160. A particle differentiation apparatus as described in claim 159, wherein said sperm
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WO 01/85913 PCT/ US01/ 15150 DNA of spermcells. 154. A particle
differentiati on apparatus as described in claim153, wherein said particle
di f f er ent watdimaoighar acteri stic conprises a difference i n aaausolefiseai d
stain bound the nucl ear DNA of X-chronosone sperm cells and the nucl ear DNA
5 of Y-chronos r1c419: S : tiel. I [ation
apparat us. a5 dooLT Bt ePETLES sdim oaR R G AdRA WAL BRI 07
asymretri c par tpigd icrdbtersdafBivhéreingaldi ifhéagoh batdr®haPiRasiatof sbas 2descri bed
in claim155, further conprising optics to focus said irradiation beam
responsi ve to duaictbmeiensi cl e, wherein said 10 optics focus a irradiation
pattern having a height of about equal to the length of said asymetri cal
particle along the longitudinal axis to about three tines the |ength of

sai d asynmgqri %gaﬁéfetdiﬁ‘el%nﬁ&t%gap?%tuk95‘9&50%4@&({‘31' cla 1154-8, WhéreinsaRBr ticl e

differentiation apparatus as described in claim156, further conprising a

fluid st¥eam i nadiols ledve saiotinpg rbd whersinasagl atritasoonecerdticld Biffebdhtiatopar ti cl e
differentiation_apparatus as. descrjbed in claim157, wherein said at |east
one particle dichMerEHsIGEBRIiseha Vakkmedilfererceofiipid RaBCIG i ent ati on of said
asymmetric particle within said fluid stream and wherein said

photorul tiplier tube is deferentially responsive to said |light emtted
from sai d 16pghtA p#itisk differdatifidnadppa@iub as eekctipeinsadith 1L tvhelei Did Bghtat i on
characteristics, and wherein said analyzer coupled to said photonultiplier
t ube di f f er ent icatiesiotbequfircesiniésd beagsyiriectiomagnelin railigtien apd sdgroiipsaid beam
orientation wthi aid fluid.stream 159. A particl.e differentiation
apparatus. as aeeeienreee iRl eE ertora BB A S et S PR M o) e
conpri sg sper MRl e Gl 9rofR8hMCG 8dibtiERESnitidPwiRPornfciR@dchdristiss altered
differentiation apparatus as described in claim159, wherein said sperm 82
WO 01/ 85913 PChyldsBilydlbs0f smépirtinleads of said spermcell have a |length

al ong the | ongitudinal axis of about nine mcroneters, and wherein said
irradiation pattern has a height of about 20

163. A particle differentiation apparatus as described in claim 162, wherein said
photomultiplier tube is responsive to said waveform characteristics altered by said

volume of said particles.

15 164. A particle differentiation ai)paratus as described in claim 163, wherein said
analyzer responsive to said at least one signal which differentiates particles based
upon said particle differentiation characteristics differentiates between said

particles based upon said difference in volume.

165. A particle differentiation apparatus as described in claim 164, wherein said
20 volume difference comprises a difference between X-chromosome bearing and Y-

chromsome bearing sperm cells.
~ 166. A particle differentiation apparatus as described in claim 160, further comprising

droplets breaking off from said fluid stream a plurality having one of said sperm

25 cells entrained.
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m cronmeters. 161. A particle differentiation apparatus as described in
claim 148, wherein said 5 particles have a volune, and wherein said at
| east onewgarsseize di fferentiation characteristic conpri S€E3/ES0VAFE0E
difference of said particles. 162. A particle differentiation apparatus as

descri bed . i.p cl aim.161.. erein said |ight .emsskon urce emts.a beam of
el oot r onadfdr ¢ PR BHOREREN By S hesr BELIRIGR BRLbf et Tl
radiation travenr§sistsbéatingEFBmehidsHiid sRednh h?i@au@mdvm@eﬁ@bpsa;d feg@l d beam
of electromagnetic radiation has initial waveformcharacteristics altered
by sai d vol une cefls satiadngsiarti cl es. 163. A particle differentiation apparatus
as described in claim 162, wherein said photonultiplier tube is responsive
to said waveform characteristics altered by said volune of said particles.
15 164. rti iff: - LAt : ridaeds Ln: {m 163,
wherein ssb\alpg a&ngﬁrfgg({lrﬁ%%g%%%%\?gﬂ%%ﬁg glg géégtﬁb elggﬁﬁglnlg% é?’%%%’[“c%ﬁ%} ch

di fferenti at es depltisbrekingageffomusplfhidistlepahiveuéfiderdt tee enticapsudste
characteristics differentiates between said particles based upon said

di fference in veidens of 389 spameellsi cl e differentiati on apparatus as
described in claim164, wherein said 20 volune difference conprises a

di fference between X-chronosone bearing and Y- chronsone bearing sperm
cells. 16G69A %b&ﬁi@ieﬂiiﬁ%ﬁeﬁ@dtﬁ)ﬁtabgéﬁ@@ 28 BERIBELH AEmISIE firtheflcdhpidiag ;M 160,
further conprising droplets breaking off fromsaid fluid stream a

plural ity havi ngzondavigsacdfispershoup Bkmidremetatsrinidrawiers3 WO 01/ 85913

PCT/ US01/ 15150 167. A particle differentiation apparatus as described in
claim 165, further conprising droplets breaking off fromsaid fluid stream

a plurajg tyyghavi ggﬂfeféediﬁfereﬁﬁ‘ét{d)ll%@ﬁéﬁfus Gf h!:s%lrlﬁ&i irnad%%lﬁldl-%?ﬁﬁ’@l%r co%ﬁ%fégr gle

differentiation apparatus as described in claim166, wherein said oplets

breaki ng of f f rdvoplstéidrder vouplst tosaih analyeers wheieti st dioplets receivnc elpgpe at e
said one of said_spermcells. e ) ) )
differentially based upon said difference in amount of said stain bound the nuclear
DNA of X-chromosome sperm cells and the nuclear DNA of Y-chromosome

bearing sperm cells.

15 171. A particle differentiation apparatus as described in claim 167, further comprising a
droplet charger coupled to said analyzer, wherein said droplets receive a charge
differentially based upon said volume difference of said sperm cell heads, and
wherein said difference in volume of said sperm cell heads comprise a difference
between X-chromosome bearing sperm cells and Y-chromsome bearing sperm

20 cells

172. A particle differentiation apparatus as described in claim 170, further comprising a
droplet separator, wherein said droplet separator separates said droplet based upon

charge of said droplet.

173. A particle differentiation apparatus as described in claim 171, further comprising a
25 droplet separator, wherein said droplet separator separates said droplet based upon

charge of said dropiet.
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169. A particle differentiation apparatus as described in claim168,
further conprising a nozzle having an orifice of about 100 mcroneters in
di anet er . wo1BEM3 A particle differentiation apparatus as rEsCvIA&E0I N
claim 166, further conprising a droplet charger coupled to said anal yzer,

wherein said dr : Lye. i 5ierent kal ly,b wﬂ] j d
di fferencgb?’n égng%ljrﬁ%ﬁeo 1ﬁ§r§fi1t‘éa%so?1 zf% ﬁﬁ%%gﬁsdg%sﬁ;eﬁéfﬁ@l%%lp ly%'\@?@gr - chronbsone
sperm cel | s angolib@ioaushdierd Wb dEiv¥ 16 bi@ dRpTecpabea whgreaPErdhre:@bdone 15
171. A particle differentiation apparatus as described in claim 167,

further conpri dieangspednepll end Yhehrgapswrrilpiasids seersiel papalaiors arewher ei n
said droplets regeive a charge differentially based upon said vol une

di fference of scﬁﬁa‘:tg ermcell heads, and wherein said difference in volune
of said spermcell heads conprise a difference between X-chronosone
bearing spermcells and Y-chronmsonme bearing sperm 20 cells 172. A particle
di f f er erft i146i oA pppiateatiffereatsattdasppahied ab desctibedinkTam 73y fulrder conpnisisg ng a
dropl et separator, wherein said droplet separator separates_said droplet
based upon chaPgection corfagnegy isprapive fo said dArqpit seRArE0T PRFE LK rGhApIBTP e

apparatus as d -] i | Ak R : g&mi ! : opl et
separ at or, Meﬁzegﬁﬁ%%%é&lgregsﬁ%? %%%QP%%%Q@%B%? tes&lslg)iggaig?é%l %’% based upon
charge of said @rneatet. 84 WO 01/85913 PCT/US01/ 15150 174. A particle

differentiation apparatus as described in claim172, further conprising
col l ection containers responsive to said droplet separator, wherein

X- chr onos beari ng spgr el l. and _Y-.chrommso bear i.n er el |

popul ati oﬂ?garé&%&ﬂ#@%ﬁ’&&%@%ﬁﬁpﬁgﬁéﬁ 8§ &% n?@é?ékﬁ?%&?%ﬂr g?)sgar atus as
describgyd in clyhdidédid X-dhbhfsome %iﬂr%néib&m Géawgﬁﬂati@ﬂ ag@Bliaiyners
responsive to said dropl et separator, erein X-chronosone bearing sperm
cell and Y-chr cimsorenizdzaiingpepiationcdishidpppul edllis arsssetacteddoimh ot gdup 176.

Anappar atus o, d (LRIt a9, R 169 TR IR Sbbilol b Sl ok 7
between about 92% to about 100%, between about 93% to about 100%, between
about 94% to about 100%, between about 95% to about 100%, between about

15 96% to about 100%, between about 97% to about 100%, between about 98% to

about 100%, between about 99% to about 100%.

177. A particle differentiation apparatus as described in claim 176, further comprising
the step of establishing a separable event rate wherein said separable event rate is
selected from the group consisting of at least 5000 separable events per second, at

20 least 6000 separable events per second, at least 7000 separable events per second,
at least 8000 séparable events per second, at least 9000 separable events per
second, at least 10,000 separable events per second, at least 11,000 separable
events per second, at least 12,000 separable events per second, at least 13,000
separable events per second, at least 14,000 separable events per second, at least

25 15,000 separable events per second, at least 16, 000 separable events per second,
at least 17,000 separable events per second, at least 18,000 separable events per
second, at least 19,000 separable events per second, at least 20,000 separable

events per second, at least 21,000 separable events per second.
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10 wherein said X-chronosone bearing spenn cell population and said Y
chronosone bearing popul ation of said spermcells are selected fromthe
group cowsi@tssyg of between 90% to about 100% between alrearu®igsise about
100% between about 92%to about 100% between about 93%to about 100%

bet ween ut 94%.1 ut .. 1009 . 959 t . ¢ ween
about 15 gl%%dtop?g %lﬁfe(ﬁ %b‘u%neotv%p %&gb\g%gpe%%gci%lca%{?gu?]ﬁg%%m%%?dv%tgﬁggbout
98% to about I1RPYatiReiNErRRen cAffides a afuitiohdUseldatéd HdnPRE tokdilpe
differentiation apparatus as described in claim176, further conprising

the step of estcabbisiing ofpt deasicPirsabiretiensaet sqcand apkeeste,¢POsseparatienrapeabl e
event rate is selected f the group consistjng qf at |east 5000

separ abl e event$C¥¥r a@@%h@%é@%@@“@é’?ﬁ%@%@at@gségé)gﬁéewgm@ Pfer second,
at | easts 7000 Sﬁ%QSHd?Qﬂ 13%%2,%%% tio?ﬁ@%nﬁconcﬁtat 18831008 A0Mrs6RRLRP! € events

per second, at least 9 separabl e events per second, at [east 10,000
separ abl e eventsscqel; aslead 6000 atpdratagis philscoOit, aclpast 11106 separetidis peer second,
at |east 12,000 separable events per second, at |east 13,000 separable
events per secdigeondat leesh 8009 seppuefions par o, atlemit 9,098 seradMg Peat | east 25

15,000 separ abl &, Se0LBuRe (36 SONichl plaRsin by 000 AERALEBLAEYRN S Per

second, at |eas Separable e S€con , 000
separabl e events per second, at |east 19,000 separabl e events per second,
at |east 20,000 separable events per second, at |east 21,000 separable
events perl7ecohgart8h diffegniigdaippreisusdeyctibebm claimsl 78Avwhgrain sdidstep of

di ff iati t i bed . | ai 77, wh i id st f
Gepar at th. ai doRRBRr s SRy dE of e Sadht ol CpudBSL SorBerf@a S T om t ne
group consi st ifgyef fothatiGfsle 20RtITRA Bld L5 RALIEREONT oAt 10 865t 1, 000

separations per second, at |east 2,000 separations per second, at |east
3, 000 separ at i alreplp@pebsesend ati]easit20,@iistropletd pér wepal, at leasiSO®0 dsgdend, at

| east 5,000 separations per second, at |east 6,000 separations per second,
at |east 7,000 RsEpeonts % iasish000denlsts pensecradt %?@5&@&%3?%&8@8% per
second, at lea Hah| 0 ations
per second, 11?%8%“@8%8%2’[8 ?’ggg dg%?etgg%rgﬁﬁﬁgl@tg?)asﬁ%gg(?;&ltgﬂia& %EQE??’ 8@2&% tati on
apparatus as ddsgst 80,000 bivptdtapenstddhd, sfledsedM0smidpltsayer 0écond, at least

100,000 droplets per second.

180. A particle differentiation apparatus as described in claim 179, wherein said sperm

cells comprise sperm cells from a bovine mammal.

181. A particle differentiation apparatus as described in claim 179, wherein said sperm

20 cells comprise sperm cells from an equine mammal.

182. A particle differentiation apparatus as described in claim 179, wherein said sperm

cells comprise sperm cells from an ovine mammal.

183. A particle differentiation apparatus, comprising:

a. asymmetric particles;
25 b. an irradiation source generating an irradiation beam responsive to said
asymmetric particles;

86



10 form ng droplets each having one of said spermcells entrained conprises
a droplet formation rate selected fromthe group consisting of at | east

10, 000 dwaplhigssi3per second, at |east 20,000 droplets per pavsd;5ia0 | east
30,000 droplets per second, at |east 40,000 droplets per second, at |east

50, 000 dropl ets per econd, at .least 60,000 dropl.ets per second, ~at | east
70, 000 dropl et s* per %’Z‘é&ﬁhg’% sajdh rpadiption bsarp GeSP AR K @tsg“{?é?’n W, at

| east 90, 000 dropl et cTe P : d.
180 A particle difroroary San sl bpl it Sl I PR I El g
wherein said sperm amhblte thohppihse ssidesymmetrical fariciessalbny thedomgnmdalal 181. A
particle differentiation apparatus as_described in claim 179, wherein said
sperm 20 cells conpPiste abputtheedimes the lsagth ol syjdiapanmatrical partiges alpngarti cl e
differengiation appqﬁgk#%ﬂﬁingﬁiggibed in claim179, wherein said sperm
cells conprise spermcell’s"iroman ovine mammal . 183. A particle

di fferenti ati ond. appad Réitemissinb@tiaGoupRd tRSNABSnirh€irip phiticldsSFherdfp b. an
irradiation source generating an irradiation beamresponsive to said
asymetric particl essaidéghienisi@eoaErifcitidEht Mseg®nseto st inediationf ocus
said irradi ati on begmresponsive to said asymmetrical particles, wherein
said optics focus a 8% pattern having a height of about equal to the
llength of said asympiditgs reff¥nbive ke si@ligng the longitudinal axis to about
three tines the I ength of sai'd asymmetrical particles along 5 the

| ongi tudinal axis; d. a light em ssion material coupled to said asymetric
particles, erein  sai.d light emssion material emts light in response to
sai d ir(f@d]igg? i Pa@égélgfér.en AR} FPESFUSAS SRRHOPd R Ay b3 Whegi said at legst. A
particle di ffercﬁf%:#gjnin%&i(%f’%ﬁ{i@l%é&?n@ﬁsgﬁﬁ&{s{ a%dsp:eﬂng%lﬁ' m 183, wherein said

at | east one asy trica article conprise at "I'east one spermcell.

185. A particle differentiation apparatus as described in claim 184, wherein said at least
one sperm cell has a head having a length along the longitudinal axis of about nine
micrometers, and wherein said irradiation pattern has a height of about 20

15 micrometers.

186. A particle differentiation apparatus as described in claim 183, wherein said at least

one asymmetric particle has at least one particle differentiation characteristic.

187. A particle differentiation apparatus as described in claim 186, further comprising a

fluid stream.

20 188. A particle differentiation apparatus as described in claim 187, wherein said at least
one particle differentiation characteristic comprises orientation of said asymmetric
particle within said fluid stream, and wherein said detector is deferentially
responsive to said light emitted from said light emission material based upon said

particle orientation characteristics.

25 189. A particle differentiation apparatus as described in claim 188, further comprising
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185. A particle differentiation apparatus as described in claim184,
wherein said at |least one spermcell has a head having a |length al ong the
| ongi t udi waJ 01&%913 of about nine mcroneters, and wherei n ggigkon/i£@0li ati on
pattern has a hei ght of about 20 15 mcroneters. 186. A particle
differentiation apparatus as descrjbed in claim 183, wherein said at |east
one asymmetric "’F‘Paq%@y@%c%‘&gedé? spid4steciOhe particle differentiation
characteristic. 187. A particle differentiation apparatus as described in
claim 186, further conprising a fluid stream 20 188. A particle

di f f er ent i B0, onA pppRiadidBreasiati@sfpales ds de@kidedinlddim V8% icreisadidl at | east
one particle differentiation characteristic conprises orientation of said
asymetric paraebizer differanfiateabefwepnsaid atypwagtic amdiclas desadiipenistddet ector i s
deferentially responsive 1.9 said ]light.emtied fromsaid |ight em ssion
Tt or | Al baswd TROHOR sl 2 Trleet G b B AP SBR . Tos. “25 186, A
particle differentiation apparatus as described in claim188, further
conprising 87 WO 01/85913 PCT/ US01/ 15150 an anal yzer coupled to said

det ect or3 1990. Appdictd &Fferediifticr appaiattsias despiped it algina 90 ederdibead lightc| ai m
189, wherein said .anal ZEE differe ti{’it es between said, asymmetric .
particles based Upirn Bateial Beyndidp spidhlegyt ong ARy IMEGIRTRRFC e%ﬂi‘?ﬂr}sﬁ 2SR hi n

said fluid stredmd #lucR A St Bk Efigrentiation apparatus as descri bed
in claim190, wherei% szjaﬁug f‘?ogﬁ; e 'ess?on’ mat erial bound to said at |east
one asymmetric particle conprises a stain bound to the nucl ear DNA of

spermcells. 192. A gqar_ti cle differentiation_apparatus as described in
cl ai m 191, 19fherdpartisly diferpatiption patatysas datcrihed Byrlemat Yo tieredt said conpri ses

a difference i : i I, th | ear .

X- chr onosone s;bélr%m@gg{ffegéné%gog ﬁ%ag?\%%:r elgrc %ﬁﬁgesgf(ﬁ@%é ?eoln@s%% ??tfesgf’di ng sperm
cells. 183. A padihbelud thefnEleeMDNAL IO cRBRREGLY Spctin G485 Ghd BRGuERaChRIAM 192,
wherein said detector conprises at |east one photonultiplier tube, and
wherein said pHof-chiomdspiiedeanngspermselds. t ypi cal operati on vol t age range,
and wherein said

193. A particle differentiation apparatus as described in claim 192, wherein said
detector comprises at least one photomultiplier tube, and wherein said
photomultiplier tube has a typical operation voltage range, and wherein said

15 photomultiplier tube is operated outside said typical operation voltage range.

194. A particle differentiation apparatus as described in claim 193, wherein said typical
operation voltage range of said photomultiplier tube is from about 400 volts to

about 999 volts.

195. A particle differentiation apparatus as described in claim 194, wherein said

20 photomultiplier tube is operated in a range from about 0 volts to about 300 volts.
196. A particle differentiation apparatus as described in claim 193, further comprising

droplets breaking off from said fluid stream each having one of said particles

entrained.
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15 photomul tiplier tube is operated outside said typical operation voltage
range. 194. A particle differentiation apparatus as described in claim 193,
wher ei n swiodbitsgpiscal operation voltage range of said photramasonpsiser tube
is fromabout 400 volts to about 999 volts. 195. A particle .

di fferentigfion, apparat.us as described in claim 194, rein.saigd 20

phot omul t i IierApglglgiﬁ‘i’%l%beélﬁﬁtt‘c@’daﬂpﬁm Sﬁéﬁa%ﬂﬁ?@m‘aﬁl&}hsf% T9%5%8% about 300
volts. 196. A BaplkisUrakihd 6@HRR dd IR sHPRA M LSrASI AL REGpLdlak! 1 M
193, further conprising roplets breaking off fromsaid fluid stream each
havi ng one of saidlorparfisard spsrm eeits; svhereth saRBsp¥th 04 B&RRisPGRAITEIE sArD 0

197. A particle differentjation apparatus as described in claim 196,

wherei n said dr"@gﬁ brungpblepitadiead pnd 2 peskeaf @ t91l-ui d st ream have suffici ent
size to encapsulate said one of said spermcells, wherein said spermcells
conprise intact live sperm cells having at | east a head and a neck and a
tail. 5 3988 A papuitictd ¢ifldidntieti@ippatatu@is apgeeibad isclaisn UEE Girthee BorhiPrigih@h m
197, further conprising a nozzle having an orifice of about 100

m croneters i n h9zasdemg anggifics op ahauf é@@nmmm@ﬁeémidam@w appar at us as
described in claim196, further conprising a droplet charger coupled to
sai d anal yzer, wherein said droplets receive a charge differentially based
upon sai d @iof f ex pagRId difefRHMordppaRtd a8 HalchbBPH Waih B 6) AEHRREGmPYiEhEa O
X-chronmosone sperm cells and the nucl ear DNA of Y-chronbosone bearing sperm
cells. 200. A phoplecthargtrfcheplehto satd amlyapp wheateurssad dapity icbaide & charpai m 199,

further conpri sj. a,. dropl et sepa r, wherein said droplet_ separator

separ at es rsrgi d %&%PE?I?% Sguﬁ?}b%lé @&%Fe&%e B anaoymg o ?aé‘b?té@?bol@d %’%uch?ar
Ciclondiff et ; ) : h

particleydiffer w&{x.%ﬂroggfglafé%{symﬂgaﬁ&fﬂe%&eh\r}gg‘ﬁmé%&&% er

conprising at |east one on contalner 1n dro S cont ai ni ng
sai d X- chr onpsdreringpegarinnglisper m cel | s are col | ected as an X-chronosone
beari ng popul ation. 202. A particle differentiation apparatus as descri bed
in claim?200, further conprising at |east one collection container in

whi ch dr Oij%F S &8Q}t1%ien&i@1@regfigt}i15noa{£?>gx%ﬂﬁ as described in claim 199, further comprising a

droplet separator, wherein said droplet separator separates said droplet based upon

charge of said droplet.

15 201. A particle differentiation apparatus as described in claim 200, further comprising
at least one collection container in which droplets containing said X-chromosome

bearing sperm cells are collected as an X-chromosome bearing population.

202. A particle differentiation apparatus as described in claim 200, further comprising
at least one collection container in which droplets containing Y-chromosome

20 bearing sperm cells are collected as a Y-chromosome bearing population.

203. A particle differentiation apparatus as described in claims 201 or 202, wherein
said X-chromosome bearing population and said Y-chromosome bearing
population of said sperm cells are selected from the group consisting of between
90% to about 100%, between about 91% to about 100%, between about 92% to

25 about 100%, between about 93% to about 100%, between about 94% to about
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20 bearing spermcells are collected as a Y-chronosone bearing popul ati on.
203. A particle differentiation apparatus as described in clainms 201 or
202, wherwiowi/ssgi3d X- chronbsone bearing popul ati on and sairPCTYESHRMBIFOS ONE
bearing population of said spermcells are selected fromthe group

consi sting of n, 90%to t . 100% t ween abo 1%to out 100%
bet ween about 3@&%3’6&’%&&%&“ 9%%%; aboit @%%‘?ﬁp agg%t%g? fahont ?

bet ween about 4%t ARAKY7%89 HR: Q80RSHLR LY, 16 10kt 1008 %behiRlpeen
about 95% to about 100% befmegn about’96@§to éboutoloo@b é@%ﬁ%@n aﬁgut
97% t o about 100oht Pbweebow@hok. 98% t o about 100% between about 99%to
about 100% 204. A particle differentiation apparatus as described in claim
203, farther conprising 5 the step of establishing a separable event rate
wherein sajnd se : Eate | I ; rQup cansi.sting of
at | east g%%o & gﬁ@%ﬁgﬁéggﬁgé%ﬁ§Pb%gg§§8%&%$gdF%%%%{%8% sé%%?%ﬁT%n%vents
per secohd, at thesgp of 086bIEBIAIANEhA AN SIS rite WheREOEHd sepatabledsht BR0Q
separabl e events per second, at |east 9000 separable events per second, at
| east 10, 000 segkectad) feore thergraupennsisispatiat least festeparabloGoerte perrsairel, a1 0

t >cqnd | 12, 000 b d, at |east
157000 "eepar anpst il 1Bl el Re SEAE AL EeS Y 0D SR eSS e Fer ornE per
second, at | east 1eabbsENepRERE 3BEs ﬁét%eé&ldgarlea%@gmeP%blle%@a{ts & 000

separabl e events per second, at |east 17,000 separable events per second,
at | east 18, 00Geswphrtlshs 16)08Asepapahle ewatsqred secand,| a kst 1190000Gparelplar abl e
events r second, at |eas , 00 parahl e 15 events per second, at | east
21, 000 g(gpar abl ¥RY &t ?CB’é‘i aﬁg@ﬁﬁgz()%géﬂ?arﬁe ST BT SECon ratdeast @a%(}ﬁi ating
particles as d%%?aﬁ’apl%cézvéﬂs BE@GE@&?&HGM?&,@P@ saﬁ}da% e g\;eﬁfg A sea6RALRId09. sai d
spermcells conprises a separatioh rate selecte rom the grodp consi sting

of at |east 500 5s#edephriableviets paeecid, atdbast €6.5000kep4Rtble epanapdraBsondper
second, at |east 2,000 separations per second, at |east 3,000 separations
per 20 second, #ieapehs@0Usepapblesparapsidaectsept lsest dHA00 sgpatablestvestspro

separations per e St 000 _separation er,.-second t | east
7,000 separati osﬁggnﬁi_g(rgplgasség%ﬁgﬁg%arﬁ%é%%‘fen%,p(%ﬁBecgggaa? éetgftoztg)s E’eSFPf’sr%@Snd, at
| east 919000 sepatddsipensechgd, at least 21,000 separable events per second.

205.  An apparatus for differentiating particles as described in claim 204, wherein said
step of separating said sperm cells comprises a separation rate selected from the
group consisting of at least 500 separations per second, at least 1,000 separations
per second, at least 2,000 separations per second, at least 3,000 separations per

20 second, at least 4,000 separations per second, at least 5,000 separations per
second, at least 6,000 separations per second, at least 7,000 separations per
second, at least 8,000 separations per second, at least 9,000 separations per

second, at least 10,000 separations per second, 11,000 separations per second.

206.  An apparatus for differentiating particles as described in claim 205, wherein said
25 step of forming droplets each having one of said sperm cells entrained comprises a
droplet formation rate selected from the group consisting of at least 10,000
droplets per second, at least 20,000 droplets per second, at least 30,000 droplets
per second, at least 40,000 droplets per second, at least 50,000 droplets per
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second, at |east 10,000 separations per second, 11,000 separations per
second. 206. An apparatus for differentiating particles as described in

cl ai m 205woMigseisn said 25 step of form ng dropl ets each geayidag 19136 of
said spermcells entrained conprises a droplet formation rate sel ected

fromthe group consistig% of at |east 10,000 droplets per second, at |east

20, 000 dr opl et seprd, aleath §0,08¢ drapleis pagseeroy. drlesst 9,800 dropletsnes seconds atl east

, d I I I
T/ Uso/ 15150 1<BLERRAD Ao Bhes 825l der o AP BoBleh Rhesilio Qoo

70, 000 dropl et sj0pgI00sREs1BE pePdecondast 80, 000 droplets per second, at |east
90, 000 dropl ets per second, at |east 100,000 droplets per second. 207. A
particle differentiation apparatus as described in claim206, wherein said

sperm 5 | s conpris bovi ne spermcells, 208. A ticle .
AT or ent 00 ok BRRESR e RS s gepRER o Aettirdsdum R beis s doneger m
cells comrise SASEH ééé%&%&ﬂ?@ eqwi ne mammal . 209. A particle
differentiation apparatus aslde cﬁ?be in claim206, wherein said sperm
cells conprise spermcells froman ovine manmal . 91

208. A particle differentiation apparatus as described in claim 206, wherein said sperm

cells comprise sperm cells from an equine mammal.

209. A particle differentiation apparatus as described in claim 206, wherein said sperm

cells comprise sperm cells from an ovine mammal.
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