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FLOW CYTOVETER SAMPLE HANDLI NG METHODS 1. TECHNI CAL Fl ELD Thi 53 joxsnpooy,
relates to an inproved nozzle apparatus for a flow cytoneter system 5 and
met hods f orwomprees ng fl ow cytonetry. Specifically, thi sdrfuseidzssan rel ates
to a novel design of a nozzle interior surface geonetry that gently handl es
and orients a sanpl e IVMIROVEDIFIAMWICY POMIBTER 857k ANakp! anal yzi ng and
efficient sorting. The invention also focuses on systens for sorting
delicate cells, esg&QWITYTOMETRR SAMPLEEANDLING MIERERBROUND 10 Fl ow
cytoneters have been in clinical and research use for many years and their
applications in animal industry such as ani mal breeding industry has been
rapi dly i nbrEESHNMCALFIESPrercial |y available flow cytoneter typically
utilizes a cylindrical fluid geonetry in its nozzle. This type of flow
cytoneter systemhas a focusing flow path with symmetry of revolution, as
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‘cells are sorted, they may be pre-stained with a %Pye t hat roduces

f I uor escenEPSHRAl SEoR dorapalpngand; offigient ertinigg Hihe srvemtivg. alséSouass eexpl ai ned
in US Pat mNGor sorti ; gsﬁé@{ e a flow cytoneter that
detects th%etgm ttegmgt E?‘hlzgcg?éfsg’ce cé‘ﬁgg?‘Bg%ﬁ%g I:ffr to the axis of flow can
be used with high precision in the. neasurenent and discrimnation of the
DNA cont enfy gl difGretINp: However, as others have noted, even this
precision 1n measuring the DNA content can only be achi eved nost
efficiently when the cells of interest are spherical or cylindrical (Dean
et at., 1978, Biophys.  J. 23: 1:5).. for spermcells -- which have
flatt enleoé headsI%lI q‘gc%%%ﬂ%&vre\:}’é’&l F’I%’B}céz‘@éﬁiséar%uﬁe drapavtpar ap el | ar gel y
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,Spermcel[r‘i emt a stro;lger fluorescent signal fromthe edge than the flat
surface syeperRily pypdalic flow sytemeter typipally ufilizss @ slisdticat flgid akotenydependent on

the ori entigtnbsile. ofhid e SR BytRRAA 5B Has RERSER: ANFPALLRELMmer52GAUSE DNA
content is determ ned by fluor escen%e and | i patitw ey ot
revolution, as described in some US Patents (Pat Nos, 3,602,039, 5,483,469, 4,660,971,

15 4,988,619 and 5,466,572). This type of design, according to the law of similarity, does not
produce radially oriented samples. In clinical, animal breeding, and biological research
fields, when cells sﬁch as sperm cells are sorted, they may be pre-stained with a dye that
produces fluorescence when exposed to an excitation light source. As was explained in US
Patent No. 5,135,759 to Lawrence Johnson, a flow cytometer that detects the emitte&

20 fluorescence perpendicular to the axis of flow can be used with high precision in the.
measurement and discrimination of the DNA content of tﬁe cells. However, as others have
noted, even this precision in measuring the DNA content can only be achieved most
efficiently when the cells of interest are spherical or cylindrical (Dean et al., 1978, Biophys.
J.23:1-5). As for sperm cells -- which have flattened heads -- the observed fluorescence

25 intensity depends largely upon the proper orientation of the heads with respect to the
detector. Sperm cells emit a stronger fluorescent signal from the edge than the flat surface
Therefore, the intensity of the fluorescent signal is dependent on the orientation of the sperm

head as it passes the detector. Because DNA content is determined by fluorescence and
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affected by orientation, DNA content determ nation can be compguRtedoty
| ack of orientation in a nozzle. For this reason, w thout radial
orientati onwodtherssesul ting fluorescence intensity distrpdisdegirsfbt ai ned
for normal, randomy oriented sperm heads.reflects both, DNA content and
head ori enwaumﬁuoﬁemuﬁ&n&@esﬁ&hde% .Sﬂéntﬁ DA rescence signal
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the sort proce For flow cytonetry efforts wth delicate celTsthere have
been si gni ?SIPE%%B’WITePﬁ?TP%ﬁ flefisaedspemaysiclls qriothst nomgphsrical onnoscylirglita celis t he
hi ghl y: spegidahd med field of spermcell sorting not only because the cells
t hensel ves are unusually delicate, but also because there is a need for
extrenely high sorti ng rates for physiological and practical reasons. These
two conpeting geqaq, r uni. critical_ challenges in
the uni que fi eI{ 0 g%tgglrﬁgrs{%%%%nﬁ?%r%m%%ﬁl t&‘%&ﬁ“ﬁ?%@ﬂf Ef thisePoses.
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orientation of a sanple contajning particles™ or cells can us be seen to
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have been made and the use of amt¢t orl t‘g%npl ein
flow thr Odﬁﬁngt}pgt@pdg, hawgiproven to pose umquely critical challenges in the unique field of

20 sperm sorting for commercial breeding purposes. Thus, while these two aspects -- gentle

handling and orientation -- are perhaps independently applicable to a variety of instances, in
many instances they can act synergisticaily. Both their independent characters and their
synergistic interrelations are perhaps most acute in the commercial sperm sorting field.
Interestingly, this synergy and potential interrelationship appears not to have been fully

25 appreciated prior to the present invention.

Viewed in isolation, the aspect of proper orientation of a sample containing particles
or cells can thus be seen to play an important role in the flow cytometer signal intensity and
quality and in sorting efficiency. Efforts to hydrodynamically orient the sample have been

- made and the use of hydrodynamic orientation of the sample in flow through systems and

2
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in |ast few decades (Fulwler, 1977, J. Hi stochem : Cyt ochem JBNE 2004
781-783; Kachel et al;, 1977, J. Hi st ochem Q/tochem 25: 774- 780; Dean et
al ., supra)woydemglynam c orientation of the sanple w thearrida@sbioow
cytoneter can enhance precise nmeasurenent of relative DNA-stain content

and: can- al Slowsynhetes Bavie Ge@NdxpRrddyin UsE W de2add® LFEd770f, }gg[)%gj ogi cal
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be drawn i fetkniquethas el hd2Biry DFor bXkenptd) € Sinpid ihjbdtidn &e ARPLRESL
cylindri ca{amttream Cells ?\Ayt h fl atpﬁqheg%ﬂs% quch gs ?mmra I aﬁ %Sgr%trlﬁ of ten

encount er etRsteRen besn uicd i yorre effprs tgdncaeasg ReFreRtagani & ofipeinells@pn ctaabd wer e
- then roggt 9@'785910 hat 7.bbeis, ﬁlivﬁﬁer%ﬁ?sl WoShen]. &gl‘oaﬁnp&?r‘} 1 9&% ﬁoe §| bbon.

Unfortunateli: € sep arat’ion of the orientatidn even itimte
anal ysis e#a ﬂ%@;t@)@@%ﬁé@’ﬂ WS T8 HFamcebyd vl 1882, Cptombtrsd: I'Dh@ﬁetcherak 199!41 S
t echni que gt 0 adva eous as desired.
T £ eCanmRhY 17 QERE 7RAF Hebfte ot A el R B RSt
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nchi eve unpificel SeatC Bl PR SR R ot smeith dheh GReasgiered g | o
particl s amaahﬂaﬂafdmgﬁce@eeﬂ(mmﬁmwsagdn¢ﬁérbmen§oa&:d@6@Bt&iﬁerﬁﬁtilhéa\e&erdoat h woul d

be the one e ter constriction can be obtained. The nost sinple
fl ow path ’PV\Q lé‘igﬂfﬁg“%%h Shr Orforunadelyy thesoparpiongf theprentaiion eveni and thise with a

flow thr oughsmﬁ?m%seﬁe@mcduse&smgﬂ)pa&aﬁeguup%w&e aﬁgts‘dhm QRSisdgl cross

section, and woul |so end in an ellipsoidal outlét. In dne arrangenent,
the | ong Bepa PFtiqally shogpite bassiadeantageaus et dswisast d be | ocated at a right angle
to the long axis in the cross section of the constricting elliptical tube.
However, since the elliptical outlet does not produce the type of droplets
desired for a Highdifferent application, Kachel and his colleagues (Kachel et al., supra)

20 demonstrated the law of similarity and discussed three types of flow paths that influenced the
moving particles. They concluded that, to achieve uniform radial orientation with
hydrodynamic forces for flat particles such as flattened red blood cells, the preferred flow
path would be the one whereby unilateral constriction can be obtained. The most simple
flow path that exhibits an increased unilateral constriction in use with a flow through system

25 would be made of a tube with an ellipsoidal cross section, and would also end in an
ellipsoidal outlet. In one arrangement, the long axis of this ellipsoidal outiet would be
located at a right angle to the long axis in the cross section of the constricting elliptical tube.
However, since the elliptical outlet does not produce the type of droplets desired for a high
speed flow cytometer cell sorter, this arrangement was not intended to be used in, and has

30 apparently not been applied to, a flow cytometer.




speed flow cytoneter cell sorter, this arrangenent was not intended to be
used in, and has 30 apparently not been applied to, a flow cy:;ggﬁmo@ 3
JUNE 2004 WO 01/40765 PCTIUSOQO 42350 In a simlar effort, Rens an I'S

col | eagues @goiapgd a nozzle . tip that had an elliptical _ |nter]
elliptical exit - orifice (Rees et' al., 1998, PCT Publ il’ééfﬂ%tsg%‘!

PCT/ US98/ 15403; I . 199§ tonetry 33: 476-481; Rens et al, 1999,
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invention whiJe the needed inplenenting arts an enent s ong been
avai | abl e Paifies pgiag el dhe szl designsd by Rens and hiwenllesgubnhaeeecaived per haps
orient thenRakdsh§b@ssed! FEfdelidutd @11 SnPdIfec LS epl.Q. Broperly
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full appreciation that a problemexiste what the problemwas
t heret of ore unseen by those skilled in the art. Substantial attenpts by

t hose skill edy he art, to fill the. d Qr. to.cope with the difficulties
had been naded%"{g’theéaexﬁ%?dal%n ?lﬁ "ﬁf"f‘sﬁtls%g@ﬁeéggqr h’le“’r‘fﬁ‘gl"“l"“ih!é%ﬂ‘ﬁ“ﬁé‘éfhuse of a
failure tompledertiag amcnibianeraxigliong beditavaabR! ik 2508 coMREReAREHiBE RaPS how
they interrel ated. So efforts made by those skilled in the art even

mat ured | ﬁ?@yﬁﬁ@%ﬁpﬁwwngﬁmgs RERPls o e ansbach freebidityie otsperks but, in

fact, analyze and sort efficiently, and the ability to minimize the potentially stressful situation that

and an

20 the flow cytometer caused for the particles or cells. Further, while problems existed in
conventional flow cytometers, 2 full appreciation that a problem existed and what the
problem was theretofore unseen by those skilled in the art. Substantial attemnpts by those
skilled i1 the art to fill the need or to cope with the difficulties had been made but had not
béen fully successful most likely because of a failure to understand what exactly the

25 problems were and perhaps how they interrelated. Some efforts made by those skilled in the
art even matured into patents which seemed to have touched on the problems but, in fact,

they tended in some regards to teach away from the technical direction in which the present

inventors went.




they tended in sone regards to teach away fromthe technical direction in
which the present inventors went. 4 3 JUNE 2004 WO 01/40765 3 juNE 2004
PCT/ US00142350 111. DI SCLOSURE OF INVENTION It is therefore the OBIJ ect to
present an wapffayRd nozzle interior surface geonetry th?, oRfAdiges the
sinpl est flow path for applyi ng necessary hydrodynanic forces to accelerate

~and. per hagsr, MKCEUsSURIED Bn2 Proper direction for analyzing and

ef fici ent sorting 5 purposes hIS |nproved nozzl e |nter|or surface
geonetry can ¢ | or tely confi-gured
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ei ther inappropriate handling forces, specifically: 1nappropriate
accel er at 2 @PPRPRAEly OpiigRd ascrlerelye Brest featurseandind a@lmilmtmidike;‘ gngle created

by the sesabshi fhdrioP SRIEALAOR GithinS sfnglett&ﬁoﬁa%ﬁén?a[ﬁﬁbé’ﬁ 4 Brodu egpl | ed,

devices often utilized abrupt transitions 1nterna 0z2z and so
caused exthesnecial bydrpdmamicdpreesy pameih ovinglatiosioasoaentatitm forbes. t he orientation
aspect, for exanple, approaches such as that of Ren (nentioned earlier) 15
showed, that after cells had been oriented by a first torsional force
creat ed by a fAs&lbpresdntinp&ﬁbdndwﬂmwe,,thmolﬂdﬂdmimﬂﬂémrableM@H@s@%mﬂ@um ing --
stress, l,ed fg;tm fi articles were already in an

| the .flat
ori ent & pos tlegﬁsélf it a‘{%¥%e{§?$éﬁa@§ﬁ’pf‘§5wh?%ﬁﬂ6‘fﬁ PRsexicatlh” by t he

first ell [rﬁﬁp}b}ﬁl@dte O ErativelTeYes)\BrtRe dx@Bille 4fQ s€bhd toksibndl hRB LBt | ONS. At
this tine, Iéqc;ewever t he devices of Rens and_ others unnecessarily tw sted

t hese ori SR5PRAFIFRsqIdalyope.i Ay ta the gepelerative frces nniied. Bovieen aftenmilisefabant ¢ f or ces
created byagitRacRRthabblidsLidial 7Qh&d eﬁ&n{egeceieﬁah@ﬁm} sh]pﬁ\ﬁﬁ%&g npshows,

t hese designs are not fully efficient in a high speed ow cytoneter. \Wen
flat sper ifteeprientafion Aspeeli fos cxamplep prperrcha smra@uﬂgahofm@(ntequeméamm nozzl e,

besi dess | bibwchNVik! ek CORYhaa iy GRAREH £ al e hBod VBB SLeg bl NOREL ©

apparently inpacts tw ce t e torsion
unnecess aflitpspidabrbnhiag ki djticsil-epshaps dodblirgg estrie$savak appged. Spécﬁzﬁi:aﬂﬁﬂ{emacel ls 25

.bef ore t h?&f‘tl&%(sl\\;en% g%%tﬁrozgtlo%enteg' osﬂ&ona g‘{%}’{ﬂ%’g n?%%eSI ﬁ%mﬁrﬂeg{ﬁgt gr Ifice

I's made o 'S sep
| am nar f by)the(f'as‘t ctipsdiddieomi fThey eeretrendy @ieXit in oriented positions. At this time,

however, the devices of Rens and others unnecessarily twisted these oriented flat particles
20 a second time by the hydrodynamic forces created by a second ellipsoidal zone. As the
present invention shows, these designs are not fully efficient in a high speed flow cytometer.
When flat sperm cells with tails are oriented through this type of the nozzle, besides its
inefficiency, the geometry in this typc of the nozzle apparently impacts twice the torsional
forces. This appears to unnecessarily and highly stress or damage the long tailed sperm cells
25 before they exit the nozzle. In addition, in some designs where the orifice is made of a jewel
that is separate from the main interior, a smooth laminar flow can also be affected to some
degree. This could cause almost instantaneous acceleration and so could nnnecessarily stress
the cells and could affect the orientation of the already oriented sperm cells, Therefore, the
approaches of Rens and other more recent efforts actually teach away from the more

30 efficient, less accelerative and less torsional and smooth laminar interior surface of an

5



degree. This could cause al nbst instantaneous accel eration and so could
unnecessarily stress the cells and could affect the orientatipjunfe Qaﬁ]
al ready oriented spermcells. Therefore, the approaches of Rens and ot her
nore recent whbéwwtes actual ly teach away fromthe nore 30pefiidogisgEd . | ess
accelerative and |l ess torsional and smooth |am nar interior surface of an 5
3 - JUNE 2001bmb\mﬂﬁﬁ|{e<f(ﬂ7e§5esa&7ﬁddaga’ 42350 enbodi ment of the present :
invention. It is another obj ect. to design the sinplest nozzle interior -
surface geometry that. provides |amnar flow surface and at the sane tine
that reduces thg igliasdtadtobfBt @fdehgﬁtr?eaéml oBRPf | of 3 ermce"s Yet
anot her object is to present a system tl'ul Mo “é%f g‘ :
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resear ch angchjin bﬁ?lem-}’% fs.and in the aninmal insem nation industry. A
further object to pfovide nethods for inproving orientation and sorting
efficiency of .the sarrpl e, especially the sperm cells in the flow cytonetry
for resegrch anﬁ cl | i nsem nation industry.
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and a
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Figure 1 is t% Cr.oss. secti onal view of a portion of a flow cytoneter show ng
a sheath Y5hf Mg 'E%“FFP%?PPI%W usYsanpl e i nj ection tube and a nozzle of the
“present  invention. This figure aI so shows a relative.location of the
sanpl e tube within the nozzle. ure 2 is a three-dinensional view of one
nozzle tip and 4 fiEtherqb mt&?erowgme @ﬁfwilﬂnfovhigeﬁmtmﬁanmdfsbnﬁngeﬁ'mi&h@i ner (here
t he nozzl e, t a _nozzl .t.i Fi gure 2A
is a schena??gcj%%il}p\éuwgéga 01E eﬁ%ﬂa%lpl feiltillér)ifjibel}c& cgres?%étmﬁé‘i B%F'Vel ed tip
and 201% @dr&@ml?élmmgwmﬂques 3A, 3B, and 3C are schematic draw ngs of
one of the present enbodinents of the nozzle. Figure 3Ais a
t hr ee- di nensi onal view of the nozzle tip showing the first

ellipticity-i nd‘ﬁaelaalim@:rmmwcth bitheiasintioglaredikdiqsehbapRutatdraad gaat i on, the
el 1Pt of . deeleasi g0,

IV. BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a cross sectional view of a portion of a flow cytometer showing a sheath
15 fluid container, a sample injection tube and a nozzle of the present invention. This figure

also shows a relative location of the sample tube within the nozzle.

Figure 2 is a three-dimensional view of one nozzle tip and its relative position with
the sheath fluid container (here the nozzle body) with a sample injection tube and a nozzle

tip. Figure 2A is a schematic drawing of the sample injection tube that has a beveled tip and

20 a circular mouth.

Figures 3A, 3B, and 3C are schematic drawings of one of the present embodiments
of the nozzle. Figure 3A is a three-dimensional view of the nozzle tip showing the first

ellipticity-increasing zone, the desired ellipse demarcation location, the ellipticity-decreasing

6




3 JUNE 2004 WO 01/40765 PCT/ US00/ 42350 zone, the conical zone, the
cylindrical zone, and the circular -exit orifice. Figure 3B is ﬁJUﬁmi C
cross sectional view showing the tapered interior surface of the nozzle in

- a unitary wiemi4epds Figure 3C is a cross sectional view edTardes42ss50l i ndri cal

zone and the circular exit orifice. Figure 4A is a bottomview of the
nozzl e ti ponee@:mnmemammmgles:pamni:ﬂ&aﬂxd yind the ciedule eki@brifiRX iFigued 38 ic£. Figure
4B is ato |ewof th nterlor nof t he pnozzl e shovmngthelargest

~circul ar At ccf?fésﬁ 88 o, ﬁeéiﬂlt‘fﬁ'fqr acenthengszle ip pEnifagy ger

circul ar amsgs) @hukhe 15a@fussaécn&ﬁnﬁexa@ﬁtHeQth%ﬁaéllzeﬁéanalﬂE&éﬂcarar gputh of the
cylindrical _zone. The dianeter of the | est nmouth is also that of the

circul ar 8% orifice. 10 Fi gure 5 shows how the single torsional
orientation nozzle works in orienting flat particles. Figure 6 is a
schematic di agram of an exanple of a- nozzle having axial notion surfaces

““as may have exFlsmredAllﬂ“ﬁhoﬁemmeI“mﬂimmzzlemnglgmhemnzmeciﬁbaliyahﬁtninlaare plots

of the.th a. i@l t rati at.e change of
accel er at ?’g{l(%g h 4% lﬁygé%%{ev the "ﬁ%ooéa?s'ggr?(gg'b % é W‘Egthf’ 8% nozzl e
-such as- tmxlarsx’ﬁmﬁr,l ﬂﬁﬂhﬁlt’ﬁtdﬂm&é &qmamt:&l Wuiten Ghe Rirggtititcubhr kbuih oFeienat i ¢

di agr am of an exa noz hav tioQ urfaces according
to one entBHi q‘B‘*&F al%? ?@b?ﬁtﬁ%wﬁn% E?Dﬁﬁrﬂ? g‘émetg‘bo e 9c are
pl ots of mlegtmlagakhamtﬁdcﬁgﬁp@;ﬁtoﬁﬁc@ccel eration, -and rate of change
of acceleration notions wth respect to |location as nmay exist for a nozzle

such as that shown schematically in Figure 8. V. MXDES FOR CARRYI NG QUT

THE | NTI ON el fihamdis g with the
obj ecl\lg@of thePA%Jrrggreglrll‘%w% J?ng\llEéi2004 Va\gj%éi‘%%%dgﬂg%c??&%%(bﬁf@g@wnvent| on,

t he basi craflesept s of the present invention can be inplemented in d|fferent
ways. Referring to Figure 1, it shows a -portion of a flow cytoneter system

where a sanple is
Figure 6 is a schematic diagram of an example of a nozzle having axial motion

surfaces as may have existed in the prior art.

15 Figures 7a, 7b, and 7c are plots of the theoretical axial velocity, acceleration, and rate
of change of acceleration motions with respect to location as may exist for a nozzle such as

that shown schematically in Figure 6.

Figure 8 is a schematic diagram of an example of a nozzle having axial motion

surfaces according to one embodiment of the present invention.

20 Figures 9a, 9b, and 9c are plots of the theoretical axial velocity, acceleration, and rate
of change of acceleration motions with respect to location as may exist for a nozzle such as
that shown schematically in Figure 8.

V. MODES FOR CARRYING OUT THE INVENTION

As can be seen from the illustrations and in keeping with the objects of the present




processed into individual droplets prior to being analyzed and sorted. As
Is well understood by those having ordinary skill in the art, Bﬂﬂ@ﬁm
schematic cross sectional view, a sheath 5 .fluid container (1) nay contain

sone. sheat {ofghises (2) inported through a sheath fluid peghcaddRp shown). A
sanpl e injection system conprises a sanple injection tube %‘53 connected to

-.a sanpl e rgserui t:]ﬂé’&? he | nj_ect.i on St. enerally acts
to provide t e ’%)epl{a%g%?nzte Ilhocv?/;l%%tglgﬁoggn;@qeém%gf’%?e%‘fé‘&gr]e%“f‘?éﬁzI e
“system ThRefemipatdFighi Id itcbow=i patiomtf 2 flbve cpameret dysem iwhefeOfltiaRse @ Sheat h
fluid.intog 0zzl e. system The s | e be 10, surrounded by the sheath
fluid to f%&%ﬁgifgé“g%ﬁﬁ‘&%%‘ﬁﬁc ﬁ%@@?ﬁ?ﬁ“&@dﬁﬁ@w‘ﬁ‘éﬂwwﬂ psrstadz 2| e -
‘syst-em t hrigupbsedadng prdivaryidiign #RRARGIE hetstHefld Gt séclodN SienddBlegnCcONt @i Ni Ng
| ets. These smal| droplets may pass through a free

fluid for mal .| 0 ;
il g e B ine Ry Earain tone ghrah Maio Bt B icibnts Asbrats Budaday
conbi nat i QRotahowHC Al sl Hiech¥n @@tea%%k,m; 9§mn§[kﬁr|1jeégi¥ng g@gé&g&&&gom the

flow cytoneter system Subsequently, these sima p e., the 15
sanpl e- cortAMRleAgFeRyeB frot shopn)- b Ehesrapleieection systemegradrsity acta to myeitietie: ( not

shown) at dobidpfiiieow bAloleindE teribi Lh%ahlg%eﬁlé'yﬁga%gtpm deh@hesRer m cells

are introduced as the sanp mat eri al , e arned one or
nor e fl uorthe st tiny ggtrodiites seshepth rimic aitd sheneozzle esystan.r Tiedsaimple singke file in

t he shegt i tream past. .the anal ytical syst ot shown).  The

anal yt ?‘?a:&“;‘is"é‘éi deg Erpéfﬁ%aﬁjcﬁlﬁlgé" ¥ oac?j’é’@ Y g\fﬁ‘&%&kﬂﬂ?&?@h@%‘ the s adj ust ed
to excit e mazdlé syseradnargh a dyp-fthirghtdchdniyn theugivas@me santple cédiighegagnce si gnal
col | ect e\(,jw{from e CJ; pﬁell can then be sensed through a detecting system
(not sho S’I.msﬁﬁ‘@ﬂ, M| The ' mey RAgRhEpugh? FEiglline aaaia higy a3 sorting
devi ce or sb&kﬁokb@abodﬁl?ﬁﬁ&ér@fbr@&oﬁ doﬂl@iﬂ‘ﬁi%bscﬁﬂﬁ&i%o BR&hY such as

the DNA content of each cell introduced, through the'differential

appl i cat i drehgrresgs g thedlonylomeler pysiren. dubsneansy. dhesy smslldraphets, fedhén the art
r eadi | vsURGapislcaatninBURBE G bL kly A6 hlyidil ol R RULAGHSPREGLDO On LS

un
charge. As nentioned earliei, these general aspects o w cytonetry are
wel | knowdalingeren: & lyingeells such a5 flatsieem pells aredmroducedesibd sompld metrikl, ¢aey ( her eby

the. now cyBrer el SHENRED: mbt MGl EhPR Trhaf MRSl Pe e i pect s can
be i nmpor t amgle flonshashedth fiid greaerastairdmblgcabompingha stamini| TERAn#ldadN. Each of
;?ZSS '35 3 Cr%ux%%ﬁgﬁ%c? ; ee/c;ééyer \&hl?o\évee\\?/fae‘[elené&l issagj%glerg 10 Q}?citggﬂsgrggcgrﬁ yé hat they
20 that may be present. The fluorescence signal collected from each cell can then be sensed
through a detecting system (not shown). Then, this process may include a sorting process
by a sorting device or the like, depending on the individual physical property such as the
DNA content of each cell introduced, through the differentiat application of charge to the
various droplets as those skilled in the art readily understand. Subsequently, each cell is
25 sorted depending on its charge. As mentioned earlier, these general aspects of flow
cytometry are well known and are discussed in the references mentioned earlier (hereby

incorporated by reference).

In relation to the handling of the sample for the flow cytometer’s functions and the
sample’s viability, two aspects can be important: torsional alignment and the sample’s axial

30 motion. Each oftheseis discussed separately, however, it should be understood that they are
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PCT/ US00/ 42350 .. not nutually exclusive and can synergistically have
effects. This is especially true as it relates to the sanple' i‘l@bﬁ iV,
that is, the ability of the sanple to performits functions Wlsts‘gIM 664

efficacies d and not substantially affected by t tonetry
processi ng.ﬁq'ﬁlz&'?‘:gr st of these two aspects, torsional gﬁ@%@g%sy IS

- di scussed .f - s illustrated in Figure 1 cap also be seen

t hr ough t h%?&qﬁtrugﬁ 4 g{bﬁngﬁg?g%é% R csaﬁ% Veieﬁ-ecl‘—ﬁ‘g pisospoplly tppaslt -
~di mensi onaklai evhestrapis’s aiahitiryt ihatis, dfe 2biligy of thoVnpRaahdone QR EALMBE wik) . the -
sanple injection tu and the ngzzl ystem having a nozzle (6). The
sanpl e’ i njeg%ﬁ‘F‘Sﬁwe"F‘t‘?g%‘%‘g‘%“,ts‘%‘ﬂéqﬂ?ﬁ %“ﬁd%'gﬁﬂwwwmaweﬁmg- Hedirss bevel ed
tip (4)- angtRscivoaseats, tordlHdl Rligdent, TiBsciR&LHS | Y designed nozzle (6). is

ternmed a single torsional orientation nozzle 10 in the present invention
and will be presented in detail below. As is known, the sanple injection

tube segves .t OThdshQEABstaRRE i Pigiteq ng%g‘;% eee%ﬂ'é%u?ha}ﬂlﬂeg% |.nLo fhe nozzle

system where the sanple is surrounded urd. s wel |
known f or viesoshewn inFigure 2h & hisrthien dimgnsidtial Yiew shotwa@ partion of the floeredili i onal

sanpl e inject. t . li,ndrical shape. However, since this
type of sgﬁr%'gl}égir@f @g? ?moﬁrié lﬁlﬁegté&%?fa(%g dthgng %syftﬁmglg‘ﬂ?g %??z?]ﬁg‘;)o Fﬁ% ntation of
: hg sanpl ie?mplbl'mjxﬁcvmhl& (Ep:_m'sh?:vmiutﬁég‘wm ih P&tﬁ},h%{mbe@ied&f@g)%ﬁgm&é&ulag nj-ection
modi 11 00 "R TR RIS e e ) b mEt e Aoee cxenisimBa ot .
Ful wyl eo, hﬂiﬁgﬁnese!ﬁtlﬁf{aiﬁoﬂ&hi’kﬁmfbef%er@éd-ind&ﬁﬁt@lm@t0m3t ry 7. 268-273; Pinkel

et al., 1982, supra). This nodified sanple injection tube my have a
beveled tip and can help, to sone degree, in orienting the sanple 20

material com ngsi9owds the §atnpld iRjectBaeAE s&vRto iﬁ%u&%%gﬁglemm 1{1‘1t.hlr} he tip of

the sanple injection tube, the sanple stream can rawn 1nto a thin
ri bbon by flpvénta fhe apzrlesysipry wheisdhesempleds sugoundtrbirysbe sheath floid. dsmidivéll on can

cause a c ' Or el ek le material..ln t resent
desi gn, bgnge uﬁ%ﬁget e %{gggé(%%ahg%ﬂ?%éﬁ e%bﬁgcﬁl}?nsfﬁug al§ Wq%‘élbegﬁ%}fuh% B t he
sanpl e i npRatheparylivdrealshaps. Hhwevey sincathis bypyeflsaiple infectdmuie may nodtielt ai ned but
the s ific 25.interior si.ze i ni que. Mst inporjant, the |ocation of
Lhe bevol BropRlitg s iinel Ui obPe i agle caon i OB BPb ehBce=Re shown | n
Fi gure 2Ainjectién mbérpduelly hiseioniiehited gtaths3) In 1548 & RBEHINSN Rcad®) 2 modified
orientation-inprovin sarEplcﬁl ifc{l(f?ecti gn tube, conprises a beveled tip (4)
and a ci r &P Jeﬁ’b’ﬂf‘%‘s(’%ﬁ rpqropd Degnebdls LY B SPpaFulwes, 19476msa Johnger s nor e’ or
less a reatANg9d6ACyRRRAS 7t N68-L; PirkeSet A1 319R8INGpAH 04 his modified sample

injection tube may have a beveled tip and can help, to some degree, in orienting the sample

20 material coming out of its tip. Because of the beveled shape at the tip of the sample injection
tube, the sample stream can be drawn into a thin ribbon by the sheath fluid. The resulting

change in flow condition can cause a corresponding orientation of the sample material.

In the present design, based upon the concept of the mechanism of the beveled tip,

the sample injection tube with the type of beveled tip shown is maintained but the specific

25 interior size is unique. Most important, the location of the beveled tip within the nozzle is
especially established. As shown in Figure 2A, the sample injection tube (3), termed here

an orientation-improving sample injection tube, comprises a beveled tip (4) and a circular

mouth (5) in its cross section. The beveled tip is more or less a rectangular shape in its cross

9




WO 01140765 PCT/ USOQ 42350 section. This has a long axis and a short axis.
Wiile naturally this nmay be varied to suit the application or ‘?m 2004
particles being sorted, in one preferred enbodi mrent the angle E
bevel ed ti pybsyapgut 4, the outer dianmeter of the tube |P§ /%Qtﬁhliss} 5 mm and
the diameter of the circular mouth is about 0.25 mm this far,

have,. only, C e t ube in rlentlng

t he sanpl esegﬂliota gg%%%eélﬁﬁg ersatﬁgg i]tkrlmglts Wﬁg{;)\%\%&em% n}aﬁgésjemé?i °|SP‘é in the art
" shoutl d - undapplitatine or thenartisles dnina tsprtad, ﬁmwe:sefmad\ﬂnd:edmem thbiasgleraner - are very

limted. R al.one ved e _orientation

“probl ens, eg&(@"{gr tAPatgrea tearme%ro JRoeAp 8'ét§f a’&i’lrtP%‘?‘}f‘a?t?réﬁmeV\oul d not
have been qmeu]emamlyxsalbmw%dumﬁs those skilled in the art realized, to get
a highly 10 oriented sanple, especially when t he sanpl e contained the flat,
non spherical, or delicate <cells such as spermcells for an insem nation

pur pose sor theﬂyltm@fmaeha%tymadsem%%ﬁf@ﬁ;ec gﬁg @uﬁlge pr esent
force

invention shows, the majority of the orientation ome from’

the i nt er itBFsamgler §can bennderatoqgibat howewes,as thoseiskilledbiz fieart slamldamiderstaal;
fundanent g A G hd- 20 Igwf n riately
power f ul ye?“%ﬁt | e rg&%r%\tlghﬁug%ﬁ é or cgg tPJO ‘T%‘%“P“"%a‘g?‘és?%ﬁ‘a? it can
now be s eé¥pnp 6oV edbe pricatation pl@blsmgnhqﬁfﬂoﬁemsreaﬁcr omnitigh pegmtage I:rli@fﬂublhe pr| or

art. ularly called out .
in Fi gur e?bél%ﬁn ggg)gb%ﬁggk%ﬁ %dw%gg‘f%ﬁ%@r‘“&&?eﬁéﬁ#%% rgFtsa)éggb(]%e uni quel y
desi gndd osiemed eunpdwr sspocially whdnehd atiplromaingd e (16r) nonldPRerfehNEl &1iLHE Si onal
orientati QN9 Z| 6) gq.%/ be 20. made of sogg liel ective materials such as a
cerani c mSES asifhe CHE P59 dnsetRination puposaog the fike, an additional appsoachwas e, g. , t he

hei ght andeéeMrydIMb @feserﬁhﬁzentmﬁ&ﬁovﬁ# théahdj @iy of the ShQWridn @Jr@é(s%lé@c@& y fit
into a conven%l_l on flow cytoneter and at the sane tine provide the desired

ori ent ati §/M° %“’é?’oaé‘ér ¢ pble npeen hup, thesrazele seryethas ofindamenteher |

al t hough eRnmeRGoNHEBRIEEN BIRA AR Nnd aﬁﬂ?@pn@féﬁzﬂo@effél )H@%ﬁ 1d &%&ta ot | ngl e

pi ece, for the purpose of a better illustration, i) |V|ded|nto
two por i 7885 i . e., an upper cylindrical portion (a) and a | ower coni cal
portion (b). In one of the preferred enbodi nents, the height of the upper
cylindrical portion (a) may be about 8 mmand the outer dianeter may be
about 6 mm Th¥ithéhighmdesfanding, itcminowlbe peen thbwnhe frientiayighdifeRaubnegd. 5 MM and

t he outer ific eSS h about 1 Thus, the total
hei ght of - rﬁr?g}zﬂzl%é}?ﬁ%& ‘Ibée agtﬁgﬁ%é %}m? al’ﬁlg& prrticplay |°?1<1fld>9uhozzl e al so

10 in Figures 3A, 3B, and 3C, the flow cytometer system comiprises the uniquely designed

single torsional orientation nozzle (6). The single torsional orientation nozzle (6) may be
20 made of some selective materials such as a ceramic material and the like. Although the size
of the nozzle, e.g., the height and the diameter, etc., may be varied, it should preferably fit
into a conventional flow cytometer and at the same time provide the desired orientation
forces as described in this present invention. Further, although inone preferred embodimenf
the nozzie is made into a single piece, for the purpose of a better illustration, it may be
25 divided into two portions, i.e., an upper cylindrical portion (a) and a lower conical portion
(b). In one of the preferred embodiments, the height of the upper cylindrical portion (a) may
be about 8 mm and the outer diameter may be about 6 mm. The height of the conical portion
(b) may be about 4.5 mm and the outer diam at the orifice may be less fhan about 1 mm.

Thus, the total height of the nozzle may be about 12.5 mm. The use ofa unitary nozzle also

10




3 JUNE 2004 WD 01/40765 FCT/ US00/ 42350 aids in fixing all.orientation and
axial notion factors in an optinum arrangenent. It can thus iyggﬂ@%@ase
of use, repeatability, and other practical matters as well. Figure 3A1s a
t hr ee- di nengbQnadzss/i ew and Figure 3B & 3C. are schemati GeghR§dszssect i onal
views: of a single torsional.orientation nozzle of the present 1nvention.

s, can be BadiRSkink bl HalAbeOdbBafthdith 82ifn BbaRiR DS Sl GLE ot S ona

orientation nozz conprises a nozzle volune e Sinterior

" surf ace el neese castlo€usentepyatabilits and etber pedcoabmhttend astwell. - si ngle torsi onal

orientation nozzle constitutes its interior geonetry. The interior surface
el ement may conprise a single torsional interior surface el enment having a
.single torsi ondliguré BAdS b Gireesdimbmivmial Fiw Sné FRglSHBt 8138) 26 KhemMi b  surface
el ement has the ability. of generating 10 single torsional hydrodynam c
forces havierfipral ‘ﬂ%ﬁ&?’r‘?ﬁlﬁf‘%m%@i"%ﬂ AR Bozple gt Brstert iAYGRgon. t Ascandiepl e passes
-through 3 thestiih@straied f Balre 33l K088, THREl MrsiStHl Sinttis] LR T(s)%ﬁ@ bas . a
velocity accelerating characteristic that may produce an accelerating

vel oci ty AFAZle HrdumepRsiosed byyea interiopaur@es pitneenp J&e wierivtmufenglelemsntofdiengl e
torsional ¢ i : : riented by the
singl e tori%%ﬁ%gﬁ%%%ﬁgnmﬁiﬁ@%sggh %ﬁgsi?tg;g({”%e% r?%‘ﬁg“ Nt lglifjrLCéBS pect to
the 15 hydiesehphmey comapriss a single tasionsl Biteriopsuaiacadlereat lewling @ singiettorfionalt he

subseguent; VS rtin rocess. These special. si.ngl e torsional
hydr odynam %H o%%%%’ ?raglg S%gle&%?lg?a%g‘ac TPp S face glemeph ﬁﬁlag'ilhg'rf’aﬂgg‘ﬁﬁt’@ﬁt ation

f or ces.10Thingtetersmnal hylimpenanic folves sivinglachyti@dgiapRatisiwbees How c&ﬁﬁﬁﬁ?e i's
gradual |y tapered downstr.e so.it may be referred as a gradually tapered,
single tor ?Sgﬂ_ﬁ PRYEY Owhlgag]?%effﬁf“@%’é%w{r?“ BT REA IOy tlRsital section
view as s hewerathg ChaactfBistid thitthad pradutdlah YocbiBRBhBlocitRipBRHhe sdnic wafag! 1 nterior
surface elenent_nmay be viewed 1n two dinension as béing a "fan- |ike" shape

t hat opendhsBRicrEscHBruahissinglrdopigpal interior suifses dement fiesample maydegr adual | y
tapered, BOtLLY RESHAORsidnBLG o natiit! hRESE AR h-gﬂ@/ i y

pr ef er abl %ébe ab%ut 2% f;gmh?he@%jottom of the "?ai- |Vgﬁg%ﬁ§g%th?g the top
so t hatlSt hadrgdwiamicpxise Eaay plag bangeelasetedto gl fopthe ybsegeantanalysislandsodiof  upon t he
sanpl e. | n.addi trhon, o 15 torsional _.interior
surface elggrreg%t Tlrlrlg% %%ﬁhgfvélggﬁa%%g}‘g&ﬁé\%& Z (ﬁlﬁ%éslq%agsbg tigff)%ﬁola‘? gn r}re'nt erior
geonet ry tersidnad auéntaondoroamy have a | ami nar flow surface. Basically, the
gradual ly tapered, single torsional interior surface el enent my be nade
of a tapered, elliptical-like interior zone (c) having an elliptical-like,
singl e torsionZhe owdrdll sitipe SAnkeasiAglaNcksidnd ihicAsH fuffade & NirRKEIGY taperag (d)

downstream so it may be referred as a gradually tapered, single torsional interior surface

20 clement. From the longitudinal section view as shown in Fig 3B, this gradually tapered,
single torsional interior surface element may be viewed in two dimension as being a “fan-
like” shape that opens from the bottom to the top. The tapered degree of the gradually
tapered, single torsional interior surface element may vary but may preferably be about 23°
from the bottom of the “fan-like” shape to the top so that the desired accelerating force may

25 be generated to act upon the sample. In addition, the gradually tapered, single torsional
interior surface element may be divided into a few zones based upon its interior geometry
and each zone may have a laminar flow surface. Basically, the gradually tapered, single
torsional interior surface element may be made of a tapered, elliptical-like interior zone (c)

having an elliptical-like, single torsional interior surface and a cylindrical interior zone (d)

11




11 3 JUNE 2004 WO 01/ 40765 PCT/ US00/ 42350 in the three-di mensional view.
This elliptical-like, single torsional interior surface may isNgiNES2004
;different shapes in: its cross sections. For exanple, besides belng

el l'i pse-sharffueikt ™y be oval -shaped, or even close t}%'rﬁ]rsﬁtﬁﬁSs%”g' e- shape.
Any of these shapes may occur at any location along the elliptical-Iike,

single tofsk | dnter i or -Sur ' ~ nd. bel.ow. 5 demar cati on.
| ocati on fgft'h ghﬂlﬂ%%&%%de YI%?I gﬁlﬁ%}llpg\élgllilﬁ?%ﬁ%%)eﬁorg\?'éﬁ'Hﬁg&ra? WPty reaches
‘a maxi muincide diffstenistiapes g emss sstimbobdraxdmple) bektiesbaanckilinacinped, it hese .
shapes is_intended to be enconpassed.by the term"elliptical-Ilike" even
Though a PRUEE T hehdl prSrT FRTD B Re e, it eschensd g o o |
-section. SiyTodatioh MongwheeltptitabiilesSegle totshRallifeRdr sGrifics itk@ibove MBBHoROL be . - .
perfect]y ﬁi rcul ar or .even circular_ at all. Again, 1t may be preferred to
“be ci r cul AfemHEHRY docation H eueits dipficiy Jraliteoraryen alaBgMariy raagiey 2as t he
8P Opr i. afnxifd A deired SegRtle® SRV Whoulhe GRAINSREY, ehhGr hBRSHAHE:s is Blrddafldocal - 1i ke
interior zone may have a mgjor axis and a minor axis'in its cross sections
~and the ebqngempasted by tese “shlipiinahlike” evamthavish o tiue Mitheeaticd pldéipstiingot upon i ts
~elliptici L gtk kdabisn. t L DL -like. interior zone may be
di vi ded iﬂgﬁxﬁﬁggﬁ?’g‘f}?ﬁm&%@n Z%ﬁgirﬁ?w}&%k %“hﬂ‘%ﬁ%ﬁ"‘e&mﬁ Pl el nethe ot tom 15
1) an el | pepleitlyi dirgulameorevanicingplaratedl. A8Yin)iimhdy bapefetredib a¢ cirmlit, howater,at t he top

“wher ei tig of the major axis to the minor axis in th
et i ol 985 sk Aalte SRS ln s B i BB BPebn | ocali on ()

downstreamthe ellipticity increasing zone (8) at which the major axis to

t he m nor axi eaches an tim). ratio that y be a maximumratio for a
sanpl e as can%ofrgmﬁécs@eta@‘aeq’ %ﬁﬁ%ﬁ%’é@é’ﬂf"‘?‘ﬁz@}e&w gglvgﬂxf“aﬁ’ﬁﬂ“%")“daﬁlm"f

el | i pti cidxisifl @e RSN @iiahd AWM &g bl shbhy 8sdueQf Tl ddfndigaXi s to the
mnor axis in the cross sections is decreasing. Based upon the above

descri bed™PgREHEIRHFILY YaatendusdimersA Slintgs!- likn miraier zne mppbedivided ifethei onal  vi ew
fromthe thogvihezdREHON P Qwnki8mi 8RR HeHomEe! | I Ptical -1ike interior zone
may undergo 25 transitional changes froma circle at the nmouth region, to
el lipthdcal -1 i ke shapsdipticifhineisasifgzoes Shwithea crstlaemougi (7) 3 $eddp wherkingr adual | y

i ncreasing elliptigi M? atio. af: ' t M nor._axes --

regardl ess of the glh%%cé&f nvojergé%%%% T he ¢ euéfﬁr@grggsesﬁ%f’%ss%mgrea?% like, to
el l'iptical- |2ke shapssdwillipse gemdwatidny icdgme® i dogmsttehinpthi ellipyicityand final |y

to a circle again at _the regjQon, .. . . . . -
9 ifcredsing zom t at which the major axis to the minor axis reaches an

optimal ratio that may be a maximum ratio for a sample as can be best
20 illustrated in Figure 3A; and

3 an ellipticity-decreasing zone (10) wherein the ratio of the major axis to the

minor axis in the cross sections is decreasing,
Based upon the above described geometry, the two dimensional shapes of the cross sectional
view from the top to the bottom of the tapered, elliptical-like interior zone may undergo
25 transitional changes from a circle at the mouth region, to elliptical-like shapes (which may
even be actual ellipses) with gradually increasing ellipticity (that is the ratio of major to
minor axes -- regardless of the shape involved), to the desired ellipse or the like, to elliptical-
like shapes with gradually decreasing ellipticity, and finally to a circle again at the region
where the tapered elliptical-like interior zone joins the cylindrical zone. Since the whole

30 elliptical-like interior zone is tapered, the cross sectional areas of the whole elliptical-like:
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where the tapered elliptical-like interior zone joins the cylindrical zone.
Since the whole 30 elliptical-like interior zone is tapered, th§1ﬁ§8$‘4
sectional areas of the whole elliptical-like 12 3 JUNE 2004 / g%

PCT/ US00/ 4 Lhterior zone will .becone gradually smnal the top to
t he bottom%é(?r%gb&h ipticity may thus be adjusted by chgﬁgﬁjgr?ggﬁue-ratio of

e O e P SR S B AL e LSS

o optd mal 1 @tok Be ddistddibg cleRBiRb fhie ralid 6 tBPIhiGPb tHeihd? akiBYTH Shafor FRRNS MIAGY I at.i 0.

- Subsequently, the 5 ratio may gradual I%?chan e back fromthe maxi mumratio
't o smal | eXiF RS M SHRIDh ST the demifrem d o faggen thapd, qripedapseiet fted i n the

eoart. my Webkmi w,fow@ﬁmbﬂerﬁ%{iﬁmmé ly 5&&@&9& .sah&qg%lﬂz,gt% ection may

be a circle. The maximumratio as referre pove nmay vary “degr ee.

“ln aipr &f etie sy ergwalyshamge back fom gsgaping fm ratietogmpller thax fhe masisnuigatdh 2 nm and

..that .of_ . Palelq ' . hebrdn ’ ximumratio i s designed
to be about éﬂzﬁl’]a bﬁgﬁhﬁ%@%gﬁﬁtﬁe pr%}lr ﬁ@%@‘ﬁ?%ﬁb‘?°°ﬁ&iﬁh%@ﬁvn may '
vary baseih gossapgion cayiboa cipele.t Tie thaxkaum ratio anefeeet asivevay varyhesagsi red

el.lipse demarcation.|l ocatian (! owpstream.the el |ipticity-increasing
Sone (5)  GFER I eSS I Agrt b I o5 Rt oy hed DA A of 1 he
‘'sanpl e i niheaiindaxik Hagbé BO At ahed the MakEnuibytidik 3Qidaed bR ahELLiopigy € t he
sanple.in the ribpbon flowreceives desired orientation forces that are

ful by FUntRsResfsed spphofiment, Natwally ibmpay vargbasedonapplisptienerdhedikepy the desired
orientation forces or torquing forces, where the tinme required for cell to
exit is mnimal, or where the sanple after exiting fromthe orifice of the
nozzl e can st ilpjongembodimpric e desired elljpsecismaratipndeqations (9) dhensinadys depuent

anal ysi s R a] s @MoTal : lgC | S Leocatd.on may be
referred gls}&lacr%l_@ i1Itrl1(]J'r(<Ea}ig!%t1 g%%@%@%ﬁ?ﬂ%ﬁ%ﬁgﬁ? : ‘L’Ps{?%%gi-’%’? fe ‘?@%l}et hi gh
speed sor iy iffiegtiondyhedpiecased. Thivmsyelsabetic plate whetegheadainple imthe tibleoni nj ect i on
20 poi nt, . Lsecqverd f . 1h resent ,nyentjon, may be about 6
mm from tﬂ%@é%%v@é‘géﬁg d gg?&%}'}?ﬁsf?l%?sf %gtn&gﬁﬂpn a?tfogﬁl’ M Frﬁtdéei PR ?;Gi stance is
def i nets asiithalydiostuatdg thehdetsiredehienmtiars fordee\or fraduiny RedER| whepatht itiglee can

mai ntai n itsg:arfi enlé?d stat us flro thghpoi t at which it is_oriented to a
poi nt at WWHAPEH 97008 (O S EER P MOEE £ SpEp g AT edteg g fheArier of gt us, the

di st ance ddz@gcart i vasMediReintits Bridhked!shiens$8 tHelskbskdue MG ol RGibPcduhe exit

orifice of the nozzle and the distance 25 fromthe exit orifice to the
i nt er sect 1SAPHCteA cifiqientia bt lerstion Bty heatfered asangpigetionaoint Boy thesrrertn ¢ he
falling zengow@klathihkSoelbdritgtiowWtyRnteleh RN GpkiaRA, iRoRh Bl tidnii,ance. For

exanmple, it may ) )
20 point, based on the discoveries of the present invention, may be about 6 mm from the exit

orifice. Thus, if an orientation maintaining distance is defined as the distance that indicates
how far a sample particle can maintain its oriented status from the point at which it is
oriented to a point at which it statistically loses its degree of oriented status, the distance from
the beveled tip of the sample injection tube to the exit orifice of the nozzle and the distance
25 from the exit orifice to the intersection with the laser beam or sensor along the flow path in
the falling zone well falls within this orientation maintaining distance. For example, it may
be within 10 mm from the beveled tip to the intersection with the laser beam, as described
by Dean and his colleagues (Dean et al., supra). Therefore, any sample particles that are
oriented, no matter at which point within the distance from the beveled tip to the intersection

30 with the laser beam or sensor, will maintain their oriented status before they are analyzed.
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be within 10 mmfromthe beveled tip to the intersection with the | aser
beam as described by Dean and his coll eagues (Dean et al., Rk
Therefore, any sanple particles that are oriented, no natter%;@@ﬁzc%m

~.point withi gddigedd Stance fromthe beveled tip to the |%(%§§,9%3 ?n 30 with
the | aser beamor sensor, will maintain their oriented status before they

iare.-anal yzefeorekidald,, Me&%%r%@%éﬁéé@c&g@éé@% I%D?)SE‘H%E(? or et Cal l y at_ hi's

orientation naintaini ng di stance co

«:f | ow cyt onefiew cytemeteis my@ned\wﬂtthespheallypﬂengmﬂhgzzldesmgmeﬁnﬂﬁmh@l@ti t he .

resent in th the beveled tip.
2T T S B B A 6 e o
tip may beloag |agm@cﬂﬂm tyelvettdh éip miedy e amgm with 118 Gnafh? ki 4 theBldsh @5 QlipsS :

~demarcatio Ioc n and sggrt axi s thh the mnor axis as s
Domstream?’?%‘f?‘l °ﬁﬁ% Tt axdp §si fhl %’P‘“P‘i%&aFWE’PI or zone (c) may be a
cylindrical i nter| or zone (d). This cylindrical interior zone (d), as can

be seen in both Figures 3A, 3B, and 3 C may be further divided into a
~conical zone (DYvnEEeam from fhe tawered, lintica- 1@9Wﬂmrm[0)mméea(:ﬂlm)inci[he coni cal

zone (12) i‘ﬂfbﬁo@zoh@-((ﬂeﬁ'hlgbﬁﬁuﬁéi infBRHE 2né éi})as%in ggenthptpodﬁ? éﬂ; WI th the

10 tapered elliptical-liKe interior zon orifice
(13) in coﬂiﬁé@tm&)’rbemlhfdmﬂmlwyhpmai wak (12phet iy tipkyed airmcmmmgarmer cuI ar

nmouth (11 n cal zone 0. 19 in dianeter
~and thfa C|)(r1 Tg%‘?%nﬁcgf;%o%‘; (ltr%ggas aolml el 'ﬁ?ﬁﬁhl}u atc}H%gp Eli“"épélfsr"é‘ Bfbodi ment .
The hei mttamﬂredtdﬂ@ucajﬂike mltermnzme (m;trhiaa salatieitcir@uld 6Hfice TI®) ucotnhérdon ®ah  zone

(14) may wi.th the sane a the smal | er openi ng of
the 15 co?ﬁh% lmg%cr?lezofl Eﬁﬂﬁxgﬂkﬁd‘t’g‘?’ﬂ"“&rf”eﬂﬁhg ﬁlé&t}‘? tC’BP e ewicphzore BAY naybe
about 0. 1eraboitno. memghm difsh@et! @d4ke bikdulsd bpeAlRSmay ROIWLAN.¥TRW iRfont e single
torsional or enta ﬁl e.showing  the circular orifice. The circular

orifice sHb F%cdt? @lit%f@%cwa?al%qﬂﬁgﬂaﬂlre@bplépémnea"ﬁpwmpm@I sanpl e

particl es By (1h?nfa9ﬁ1f§8@aveﬂ1ﬁoﬂh INBURS sabld PGP bs fh@%mﬁlle?f Férﬁrrngdof gobodi ment s
may be about 0.07mm Figure 4B shows a top view of e torsional 20
ori ent ati GANRY ZeRedhropghopifs cifenlareii orfiesd#3)ynd maebepbout!9. lr’iugmhlehqlghta circul ar
shape with a dianmeter of about 5.25 mm Referring to Figures 5, it can be
seen how orientation occurs. As may be noticed, this figure is a nodified
drawi ng from KhigheldAdktritess botioth wigwotibe (lfglqmsmnﬂ pri¢tatioahozele sidwing 1977, 7.

glez ;[ (r)gge mthecyﬁcgﬁp %Hhcez 5Th gxf}:u17a§ gx)ﬂice s}ﬂ éld %e ap %hough ng ? a% ﬁ%? %E'cljp? N, around the

containing sample particles may be formed. The diameter in one of the preferred
embodiments may be about 0.07mm. Figure 4B shows a top view of the single torsional
20 orentation nozzle. As can be seen clearly, the mouth may be in a circular shape with a

diameter of about 5.25 mm.

Referring to Figures 5, it can be seen how orientation occurs. As may be noticed, this

figure is a modified drawing from Kachel and his colleagues (Figure 3, Kachel et al., 1977,

. Histochem. Cytochem. 25: 774-780). This drawing, a cross section around the desired

25 demarcation ellipse location (9), shows, first of all, the distributions of the orientation forces
generated from the elliptical-like, single torsional interior surface. As shown, the dissimilar
transformation of the elliptical-like, single torsional interior surface can cause preferential

side forces to generate additional flow components along the major axis and may decrease
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25 demarcation ellipse location (9), shows, first of all, the distributions
of the orientation forces generated fromthe elliptical-Ii keﬁﬁ?ﬂﬁlfb A
torsional interior surface. As shown, the dissimlar transformaiion oqf th
el I'i ptical -{y%§m4o78d4 N9l € torsional interior surface can ofisShper enti al
si-de forces to generate additional flow conponents al ong e mpjor axis and
may decreasg il 0 \ 423 t farces gener.ated
ong. Che R iesees SRt indn 0Lty S e o R B a6 may
be vi ewed-may bstviayreges sttonger thah theffarcas genepedatoat thel nrihod s foliiths BHid0L flaxi S 1.0 -

t hus ori.er arti-cle .(16) .as own. The uni que design of the
present i %aé%tlelf @ﬁ)t ERows it e é’ﬁe‘%f‘%l} ?‘ﬁ@e I?rﬁsemt’ﬂ‘éf:fm?‘h“g‘°‘f’%1’6‘b§“@ﬂ?°mym .

el tiptic a-g:hdtﬂieea;jereﬁmﬂﬁpdﬁcalﬁmcﬂﬁl_te(ﬁa)zlohs(cﬁ@mﬁaiqa]ggﬁdt@&;f% ayl_i%_(ﬁicmﬂeﬁ%l i Infl.r_i_cal y
interior Z0 and .the ci.rcular exit orifice . is specially

" desi gned 9288%@%‘? @36&8@’%361* |°9*L1°ea( i'ngstSH@@l&\%e%sneéigﬁﬁmWiStlgﬁeﬁﬁdly et

Cher ef or e avbiag e aPbRifMirky SnSertHA! hOANBIAAARURH:POLEfootiohilmediBuab] © L0

individually exit the circular exit orifice and still nmaintain their
ori ent at'i daPleyio ingdividyadly exif the giscular gxiperdfiaei apd stilbmpintairaheiv exjentatienaliiyol e
tapered, sipgdi&edRrsional interior surface element 10 may be viewed to
conprise a Famnar flow surface. Through a |am nar flow and the single
torsional orientation forces generated by the |lam nar flow surface, the
sanpl e maybe rad] Li.en nd .al i gned.al ong t.he.hydrodynam c axis.
The orient ati o%%ﬂ/doéﬁ? glﬁ%c? vé’gﬁirrep‘%é’?ﬁ taspe{eﬁu%ngl ’i's}?ggil?tﬁ'lf’ré‘frfaf’ﬁ ement

ori ent d0i emylbeyienled gnathpsisas aminahfow auxfatd. MYrdulk a Ginfisad ¥ afXint kiAgleOr i fi ce
where the sanple is.split into individual particles and the |like, is
U t oundedP By RoRioR R ety o SR L e s S CFMUEFEILY ¢ he
finally obteftdadangiel slofdthe BarddyeindiOadsh EhdRiRbiee Ak MdkSnpif B t he
bevel ed tl?% of. the sanple injection tube and the single torsiona

ori ent at i SHFTHRGAHBE oricatiiparlixaligned stsatsnedingthacirenluskigngorifisowbere y
gener at es ggisaghe istsBﬁtSth'ﬁﬂkvi&ifa!ﬁﬁ{cﬁE b nd m%%@ﬂ«ﬁggﬁké%ﬁ?m{d%% nar flow

It has to be pointed out that the whole interior surface o he raj ngl e

t or si odal andig apglyzeds Fherefarente finadlyeagntesksampletcan be duFhethemgmifieddiffoitsli ng t he
whol e i nt @r.j TS, . liptical -like interior zone (c)
the cyli n?ﬂnggi %4%1%&;??81;&‘;2%1#%{%?%%&5%%8%{1&%3 Sg%f (OrSIOR QUTEPR PERISE as

descr i bed sufhovidat becguse efthe inique geonletern genevayrs singtt foctionpl tijptsiton fIB& aadi Mal
breedi ng | ¥'Q een increasingly taking advantage of the principles
of flow ckj){bgérfr%%?y a%glol%’fi lizing the benefits that a high-speed flow
cytonmeter can provide.

It has to be pointed out that the whole interior surface of the single torsional
20 orientation nozzle may be unitary. The way of dividing the whole interior surface into the
tapered, elliptical-like interior zone (c) the cylindrical interior zone (d) and their own

subsequent zones as described above is purely for a clear explanation plHpOSE.

The animal breeding industry hasbeen increasingly taking advantage of the principles

of flow cytometry and utilizing the benefits that a high-speed flow cytometer can provide.

25 Sexed sperm specimens can now be successfully discriminated by the sorting mechanisms
that the flow cytometer employs. With this uniquely designed single torsional orientation
nozzle, the X and Y-chromosome-bearing sperms may be sorted more efficiently and at a

higher percentage as described above., Sexed sperm cells may be buffered in our specially
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25 Sexed sperm speci nens can now be successfully discrimnated by the
sorting nechanisns that the flow cytoneter enploys. Wth thi %J’@NE%O\&
designed single torsional orientation nozzle, the X and

Y- chronosonmevdomaniseg sperns may be sorted nore efficientpeyrgdaglsldte @ hi gher
percent age as descri bed above. Sexed spermcells maybe buffered in our '

- speci al.l y. pfep@red sgokm AN HL MZ&EbM?@ﬁﬁ@iiﬂﬁﬁéﬂo.W@@%?ﬁ4§E@@‘ :

conpatible buffer as_described in PCT Publication No. WO 99/05504 (LoDo

~ PCT) ... f---Th'e'PSEf?-'ff@%Pf‘f%‘@r’ﬁ?mc‘”é’luﬁ§‘.aY REyUEEed 4t Hleglemardation lodation wishiarteaati on -
location WefiiBiidhi-GiRE -sing® thisiohdl Gitbridr] | r&i .interior surface.

el ement of t é' Si nglsemgt otrsi onal orr‘iSﬁ%ﬁﬁ%%&%@z@é%}ogﬁt%bajr&r%ny ‘be:

sur r oundednggzierwhsredhyanay be sugioundedby the sheath Swid mt frsasheatunmedndz i eperm. 5 - -

Subsequegt nt ai.-ni maybe produced by a drop-forning
mochani o SniEnaPeE AR Pl AR e U e ekt i g
drops- ar e atemalgresnybeirefdligordaeThe spyrt-toatabirpidrapgare @ih €ar g ehdGehdet ed by a.

ti.bl |l ecti t t ai ni iall d
spor m col | B ARE Jetice s eToRPE: FPstEQTPatly Soioplinn yaemisenisigss es upon
t he sper m giesiallefladdipartngdellédting S0l THigwRbI06R8&s mAYBinthiSf the stresses upon -
Y- chr onobsope- bearin }shg)er may . 10 then be used for insem nation and
product i on Ppeé[nﬁﬁﬁ%‘é %‘Sggleﬁ‘gg?grpéﬂ’e?e;he)fﬁhg'FhfPlﬁmﬁoﬁleabF%éBftmmw uni que
desi gn of = @B békisl FRinsEHMERHANGBREBRUIOY of midd8a1Sk P8sGed &Qr Si ONal orientation
nozzl e that nmakes the invention superior to other conventional nozzle. As
wll be well expected by those having ordinary skill in the art, this
single torsion Of i i al onbi ned with the
bevel ed sanpl ea?ﬂlhrllljs’efcg;lsiea{g?lﬁa%tutgée1 cgiltegﬁl%%ﬁg?t&go%gg%ﬁ% %’%?egjtv)gpﬁl&?gtg}eon
relative tlorsionglymichtation noggié at nufkes theinvertien superiqrue fthareonfntidhg] mizzgl e
ot sf act oy IAE Mel LR o P Bt YioPe! 3l e e e oS B CREorSr o1 ona
al i gnent  aipedon mizzibjvehen spevialdy dontbineAwsith aRMEvel ARG ORfec@iRESd lodagedt hat  Of
t he sagﬁ e'ts axi al .Q_sltlagln. e;[hj S as%%ck encomnpasses not onl%Pt_he not i on of
the sanpl e 48 2PRIORTAIR ‘oralial T914HXe 192 SAeRlie FRglon of the dlerior sprfase obiee singlsut t he
stresses (hRichalpleRati@GRINE SafitbViddreblis witith bay BD&RS ¥R daB051G@N Per haps be
nost easily characterized by three values, the three derivatives of
di stance with respect to |location along the sanple. These derivatives can

be summarized by ddiGoddalch @Y, B forbBin YRLIsYR K BLREQ URAIRLE ang&“EP fheConcept

 invention. A second important aspect is that of the sampie’s axial motion. This aspect

encompasses not only the motion of the sample as it traverses the nozzle down the central
20 axis, but the stresses the sample receives during its path. These motions can perhaps be most
easily characterized by three values, the three derivatives of distance with respect to location

along the sample. These derivatives can be summarized by the following:

Derivative Analogous more Common Concept
first derivative of distance with respect to location velocity

25 second derivative of distance with respect to location  acceleration
third derivative of distance with respect to location rate of change of acceleration

As may be understood from figures 6-9c¢, the nozzle may present any number of axial
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first derivative of distance with respect to |ocation velocity 25 second
derivative of distance with respect to |ocation accel eration r3hJ IQE 2004
derivative of distance with respect to location rate of change ol’g

accel erati owo fistorsay be understood from figures 6-9c, thecrusmaessoay present
any nunber of axial 16 3 JUNE 2004 WO 01/40765 PCT/ U500/ 42350 not i on

- surfaces, nidleh skrfacss iHaERErrNEI which ﬁﬁh@i@@@@p&ﬁap%ﬂ B8Fine He¥atipBhi fe the
sanple as it asses through. the , nozzle. own in figure 6, the
~axial not Pa¥Hes. 5‘&“@56&@%&? s, shayfivisy figuee éaihﬁmh@ﬂqtialy seifases. ey &6 si npl e as

...a first %%ﬂﬂ upface (22);
As the sag%| ekpggses d?&g%ﬁﬁgeés%%ﬁqu@&qugt t egagngé#%le(ﬂng%dd%% éurfaces
~-.can act i nawaimetia supfdedB2)i nfs| thesrple prgses dopl the apzzid §), \ﬂneadt)a:&mlmno'n'he sanple

is thus h C. u ctedI rst noti on
'surfaces(%@r%m@ﬁJta}{‘%t”'?(%I?fg‘%‘l:}/s ?%athnlg%hf%%enthafm% FIRY® F &h 853:5'?3 53) to
. becone i nf(ﬂsuﬂmlgdrdﬁynamsﬂmmbjamdab anfykti :aial sietibae@face (A%) It A Gent he
transition | ocatjon 3 ??g e is.t aubj ected to the second axi al
hotion suffREHenE Wﬁ%’“’f‘ @fﬂmcﬂﬂiﬂlgﬂ% 5% secondaxialimotion syrfage ¢ r cul ar

exit orifips (ﬁéféa thelﬁné:ﬁorﬁi&@éﬂoﬂ (BB thnél@ipfel 19 Atdn shitetdane tﬁé‘ée@t‘:nd@ﬁdl on

surfaces can have any shape. system such as one ave
‘const ant  efigR furiace @ﬁhﬁ%&thﬁ%%t%el‘%@ms%haéﬂfdbfémcﬂbfe’%tmﬂﬁﬁeﬂﬁ%/f| gures 6 &
8, 1n asystemsuch as one that achi eves acceleration of the sanple as it
passes through the nozzle (6), they may be configured as acceleration -
surf acé such Tashquitbbe E@ﬁﬁtﬁaﬂ thapy tHecsiak m@hmm“fad'dse:ambmlaay ahdpenlsar f ace

coul d al s r.at r Ip accel eration or
decel er atl on, ?ﬁ%’ %Srﬁ? ace ’“v%{%%" sf)gegés? WBX&V? ﬁgusnvea?ggf?y t he
sanpl e asshcmwnpmﬁgwssti&r&pupmsysthm sukzzs bae t(lﬁ)achléﬁasm;cclbﬁatmﬂdfﬂkbaampldaﬁ st ood t hat
t he nozzI i

|nf| ure.8 i ncl ude first axial
accel eratf%ﬁgs%ﬁf P a%hthfﬁoéf)zﬂg th%tyrg@(co anﬁgé‘ﬂgg%/“ﬁ%ﬁr&“ﬂ’rs PERSEGPTEEe (25).
The first ccdeaBdurfam&ﬁo&l‘naﬂ"hmca&tﬁtfoa@ﬁﬁ(caé&ﬂdhﬁidS@ﬁlcﬁa@ﬁh@s&ﬂiﬁie%fc&&s&x perience
an a flé # accel er aiegﬁc‘)n va%ﬁ;rg h may or not be constant) and the 20
second 1Ax Py Fausiog apssieration r degle ‘E‘E“g‘?gﬁrfa&%l‘mﬂ%ﬂé‘éasctﬂ@@&?ﬁﬁ%e?"d)ty@iper| ence a
second aﬁﬁ@&ﬁﬂlé‘ﬁsﬂ%séé@ihﬁﬁlghiﬁ@h&zﬁqgoﬁﬂu@ﬁE:ﬁxlb%ﬁéﬁérs?&dvtﬁit'dﬁnﬂﬁ)’e(@r may not
be different fromthe first. As shown in figure 8, since the second

accel er at fush asghopade figws B %nn@v@eﬂsﬁrataml acgelérptéonemtiage24) and & s¢coké| y woul d
I ndi cate ﬂ' E&%&ﬁf&h ﬁ?zﬁ:gh%ﬁ atI'hé)ﬁ]rstVﬁ alljgccelgﬁ“tléhr M%ﬁ%ﬁse%e E‘Ji}x?ple Is an
accel- eratl on, the sanple y experience a st

to =xperience an a first acceleration value (which may or may not be constant) and the

20 second axial acceleration surface (25) can cause the sample to experience a second
acceleration value. This second acceleration value may or may not be different from the
first. As shown in figure &, since the second acceleration surface (25) converges at a

different rate, it likely would indicate a different acceleration value.

Naturally, anytime there is an acceleration, the sample may experience a stress. This

25 stress can have impacts on the samples viability and functionality. One particular aspect for
some samples, such as longer cells, may be the fact that when there is a change in velocity,
there may be differences in the velocity tendency from one end of the sample to the next.
This may be most easily understood in reference to a sample such as a sperm cell. Viable

sperm cells have heads and tails. When the head is accelerated differentially from the
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25 stress can have inpacts on the sanples viability and functionality. One
particul ar aspect for sonme sanples, .such as |onger cells, maylgeJLIj Ei‘mt
that when there is a change in velocity, there may be differences in th

vel ocity tepeepgiesd romone end of the sanple to the nextper 9‘}, 14§By be nost
easily understood in reference to a sanple such as a spermcell. Viable

7T or ont | SR R PR R DR I D IO AR PO ety

~iaccel er at:i ohfferentighmay bedreated fromthead tokedl. Tbindiffegentinl vyl caike sressehdxicey. different . -

LTS el et AR A NS TR 13

differential. mnay cause ress on even

pul-b - t-he teffidacy b sdmepld) €bel prefidaw inverstioy piovides £9uted tgesdhveichithig cartddf i-cacy of . -....

the sanpl e.. The present .invention provides a systemthrough-which this can
*be 5 i m rPERCE AT AR SIS T EIOES vt ApsiREPTEIshediiced. This
»+.i-s. acconpl subjaghghile sabiph BG40’ dodRe H0BMRhEestiP addeleta ordRBEGLacss BlRANgES i n

acceleration or velocity across the sanple's length. As those in the art

“woul d be aPMBleergtiteps thasedn thejagwrouldehs abie to upderstend,v bow” ' teay be atiglativecan  depend - —

on the celtw%&%%@g?ﬁmm@ lahd FRYerRRoddlBP" Gl hepbl theBfeticaf b 1 cally

determ ne as a val ue wni is shown to achieve practical percentages of

-ef fi cacy lanpincaly detergyns a8 a yawe which isgewntd ashigygpiractical paeentagésas effipacybabi | i ti es
may -be I 0 Q 9 he like. The "l.ow' cel eration
or rat eﬁ)lcjnf;i Hc ZS%% leif%qg%g%ﬂ%:rag?ll%gtr@nﬁaglg&éﬂpgtg’a%@ﬁgsa{?afyﬁ? ﬁ%c?‘ia\s/ tli‘flas%tﬁ%?’i ed.
Changes i rB0&¢ 88%eordhd like. The “lost” @cdeleyation nr reeofichaugedn adcbieration iy dldatbeon
surfaces CE n%%. Th s(g changes can be abrupt or gentle. Naturally sone
embodi ments™ Yﬂ%%’ﬁl@ ‘ent invention 15 prefer the latter. Referring to

figure 6, it can be seen how an abrupt change in the axial notion surface

al ong the axis _gcan stress the s le. The first axial notion surface (21)
changes in a di E‘i‘ggf’é‘a?cﬁiefﬁHBWré'gﬂE‘Wéa??‘&H%‘?’llePB’ﬁa’F‘B‘@&F‘P&ﬂ“@%)‘}.‘a‘Iﬁ%r exanpl e,

when the sBe@angdxdanbe Ript SEesitel NaRAN dotle dmbodimeftt SihdpYestnt SRR ©
el ement, such as by the insertion of a j ewl, there Ccan exist a

di scont i nurelF thalate Fefersingto fgure Gyit cagdts ssenphomian b chaagpindheamalt hen be 20
subj ect ed fQiANuRNde R th\BRNEN shesy BleQGinbi, HnDBRL ol ﬁ@&ﬁégg&%@g% . Note

that such a discrete change may exist uni ntentlona{i] al’'nost
i nper cept ichingesingadiscrptedashion at the ransiticadecatior@ple Fosexsuple, wientifesseondan tend to

pul | the %ﬁgﬁéﬂﬁfﬂm (ﬁ)f isQ{:egt\éii g)lr Qs%p:srgtg Ql%éngriit,o S as §rt%Q mggrgon of ajewel,

there can exist a discontinuity in the nozzle (6). At such a point, the sample can then be

20 subjected to an extreme change in velocity aimost instantaneously. Note that such a discrete
change may exist unintentionally, due to aimost imperceptible misalignments. Regardless,
aspects such as these can tend to pull the sample apart. By providing transitions which may
not be discrete the present invention can avoid or minimize the stresses thus created. The

- transition can be a continuous transition as in curved area, by having a limited amount of

25 ‘discreteness’ or misalignment, or may just avoid the possibility of a discrete change by
having an inner surface on the nozzle (6) which is unitary. In this manner, the nozzle may
effectively have a unitary surface. In such an arrangement, the nozzle (6) can be
affirmatively designed so as to present a transition with a maximal acceleration
differentiation. As shown in figure 8, this may be done through designing in a limited

30 maximal acceleration differentiation transition area {26) such as shown between the first axial
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“acceleration diffFErs

not be discrete the present invention can avoid or mnimze the stresses
thus created. The transition can be a continuous transition %SJliJﬂE%UO\ﬂed
area, by having a limted anount of 25 "discreteness' or msalignnent, or

may j ust awedbhdof® possibility of-a discrete change by phaké@:af | nner
surface on the nozzle (6) which is unitary. In this manner, the nozzle may

-eff ecti veloda e rae i thdeYoraUthd Slso biacsitaflisAt WakARg exitiod floz zle (6)
can be affirmatively designed sO as to present “a transition W tH a maxi nal
~raeceler-ati i imited maximak aceglerafion differentiation tiansifiongeracaBthen b a8 on@y riseltdone
t hr ough. degi@ni bflt &idM ted 30 maxi mal acceleration differentiation
transition area %56&%&% as shown between the first axial 18 3 JUNE 2004
WD 01/.40765. PCT/ US00/ 42350 noti-.on.surface and the second. |t . nay.also be .
~acconpl i shed by .usin uni.tary exit.orifice. . The |limted maxi nal

frSrS Pl et psalreoyBeon et 8 resul
-0f-.t he @nithesabyveetnteptirdaii be fadetstboll Y Meferarice tdBarby BRc 4l § X3! iA¢aBovad, di stance
with respect to |ocation, nentioned earlier 5 the above concepts can be
under s‘t‘oo&’eﬁ : IS‘é‘F%F@rE@hEC_GI FePEpgTtations gf fhe fhrge Qﬁfﬁ’-ﬂE‘:’e Yauestahipspedtivese. fi gur es
are gr aphidatiork &Phes ﬁ‘cgﬁc@ﬁthﬁﬁ‘ﬁesgﬁowﬁ; figifeS6 2OL THiMALd MGny 8 fégéseg{ thk €spective
| ocations. in their adjacent nozzles shown in figures 6 & 8. Figures 7a and
9a r epr es&tt deryativeqf distanepsyith respiecido Iopativhat canespt simildy to eslgrityt Since thecat i on, a
CONCePt. Sl skle ¥ RlsAskile (SE R il | 33 ) G SRSy i SCT et e
change at the tr_%ng?{ti on | oggﬁngn (23), lwgaaﬁelggs)é%g%bteﬁ?Pgﬁﬁ}@ll 10 :
changed0 dickangest digogetedy attthetransitios ilacaioon @3)c For tha np28)(6) Foigutd ' tiodladi e (6) in

figure 8, / . s—hot, di scretely ch e, This the .sanple may
be treat egﬁl?%dfﬁgggl %lf(:}%élg%}’%ggt ﬁlﬁls? the et en’gaya%/eotﬁeé’%gﬁ?n lesg @Ifﬁs%iorﬂis and 9b, it
can be seemsdibalbné. He fighires Thjand €b,[igsan be seat tharshd BYdIt Vaics for BRReG&pEGe NOZZl €
are al so dif[ereglt. .Iﬂggfi gl.ldrif; 7h, the secand derivative of distance with
respect t BOZHCSERPOATGERY 2 dgrredy g second deralys efdisansquith espet & er at i on)
has a nMonRRktidH vaRil(HiesBhapSmERARAGS: vidGRAl B acdeRiafion)haf @ nodRnideselthe i N figure
9b. Fipally, the third derivative of distance wth respect to |ocation
val ues!° dfiEngs: | L& B ip not sp greses imhgige o analydhe trird derwetiveef distanee of change
of accel gfBldstHd) toddch j syghn (&4 -‘8;[111‘3@ ' positive
and t hen negat%&e. Inﬁlﬁeaiufegglygtes’ (éﬂt%ﬁmnﬁfsidn&?f%{l}fgg C, trtéegf\%g?%gg?never
change si #fssleratipyplsa diffen|n fevre 7o the value fiss pack pasitivband thennegativaelathé ve. Each
of these . i YA ast ruct ed. t hrough icC o 20
under st an ang cﬁalggg%rg%’ %g@?ﬁ%'nﬁg%g aélgée)lés?éllg ‘ttHeﬁ'sar 5 étg?ré?{g rQo\é@'ﬁ’g’l“g or

m ni m ze stveesgaiveoBathhef these concepts can be conveniently constructed through which to

20 understand and characterize the nozzle as it is designed to avoid or minimize stresses on the

sample.

An other aspect which may be a factor for some samples is the aspect of the duration
of the velocity, acceleration, or rate of change of acceleration as experienced by the sample.
This may also be referred to as the dwell time for the sample. In flow cytometry, there is

25 often a need for single samples to be placed in single drops. Aspects such as this can cause
a desire to transition the fluid at the last possible time. In systems which attempt to do this,
it can be important to pay particular attention to areas in the vicinity is about 100 um of the
exit point (27), areas more than 300 um away from the exit point (27), areas in the vicinity

of the exit point (27), or even areas away from the exit point (27). In addition, in some
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sanpl e. An other aspect which may be a factor for sone sanples is the
aspect of the duration of the velocity, acceleration, or rate 4& 9e of
accel eration as experienced by the sanple. This may al so be Peterrd to as

the dwel | t{p&kPEs the sanple. In flow cytonetry, there en a need
for S|ngle sanples to be placed in S|ngle dr ops. Aspectgkgﬁéﬁmg%$this can

Syt o wnRpe Py bRk ooy fbich W e o PRy R | cul ar

~rattenti on Tlmsémmasan e gstablishedthriuplyout the ﬂdi)ﬂld:t(ﬁ)]&Qt speRifd lobdBns Wifthik RO1 Nt (27),

areas nore t way.fromth eX|t oi nt areas in the vicinity
of the eX|le%8?ﬂ '(mﬁ?}tg ‘&'{ﬁ/‘g ichy ¢ap be appfiad, Fﬁﬁ?éﬁ#&@iﬁ%l%& nt (27). I'n
addition, in-sonme 19 3 JUNE 2004 WD 01/40765 PCT/ USQ00/ 42350 systens it may
be acceptable to only nmomentarily subject the sanple to the undesired
values. Thus linits can be established-throughout the nozzle (6) or at
specific locations - within.the  -nozzle (6). Some of the linmts which can be ..
applied are set forth intable s 1 & 2. 20 3 JUNE 2004 WO 01/40765 TABLE 1
dierr]l/dl[err] values 0.16 niséc per mcron in the nozzle, 0.05 nifsec
per mcron.in the nozzle, PCT/US00/42350 100 X 1073 nmisec per mcron at a
di stance of nore than 300 umaway fromthe exit point, 50 X 10'3 nisec
per micron at a distance of nore than 300 umaway fromthe exit point, the
above val ues away fromthe vicinity of the exit 5 point, 0.10 m sec per

m cron away fromthe exit point, 0.13 nmisec per mcron away fromthe exit
point, 0.16 nmsec per mcron in the vicinity of the exit
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point, 10 0.20 m sec per mcron in the vicinity of the exit point, 0.23

nm sec per mcron in the vicinity of the exit point, TABLE 2: 3 JUNE 2004
dierr]l/dl[err] values 15 100,000 X 101 nisec per mcron in thelgl zz%e,
10,000 X 1 per mcron'- in the nozzle, 2,000 X_ Q- Cc per
mcron int gmr@g"%l e, 1,100 X 10-6 m sec per mcron i nft %gwé% e, the
above. val ﬁviay.fr the vicinity of the exit 20 point, 100,000 X 10-6 .
m sec peru‘fﬁ% agvay—‘lgg‘%'}c%the ‘exit point, 50,000 X 10'6 nisec per mcron

o away-fromghe, . exit. paint. 25 10,000 X-1Q-6.47 sec _per mcron' .away fromthe ..
_exit. poi nt_of'llagz/s °(5’6”'3i“§"d’é{ﬁ?19°§2§6_ per mcr o]rﬁi%gé)yuj:@c?iﬂ 2 afgad'ﬁ"c;" Jit, 1,000 X
10" 6 1M Seq.8@iscd Perrhitbh ifilEzAL OM the exi tyysodfhr Biolkra cﬁf' D oS €C per
mcron' away- fromthe exit point, 200 XmkGayfsheRexifp6it, M Cron’ at. a _ o
di st ance ftieomv@bloy adH-fomrr s@Gtypitheeniti cron at a di stance of nore than 300 um
away frdmpehie exit point, val ues which X6t miicgearron madisgicyofgki@nge al ong
~a central agxis values which are at. nost®e8 /P upeveyFem dpeecint any of these
s e bedipotd,

e exit poin

val ues at P& T B TOTHE . .
J values which do not discontinuously change aleng
0.13 miv'sec per micron away from the exit point, a central axis,
0.16 m/sec per micron in the vicinity of the exit values which are at most any of the above,
point,

_ any of these values at varions locations,
10 0.20 mysec per micron in the vicinity of the exit :

point, any combination of these values,
0.23 m/sec per micron in the vicinity of the exit any combinations of any of these values with any
point, of the values in Table 2.

TABLE2:  d°V/dl® values
15 100,000 X 10 m/sec per micron® in the nozzle, the exit point,

10,000 X 10 m/sec per micron’ in the nozzle, 100 X 10 m/sec per micron® at a distance from
the exit point,
2,000 X 10 m/sec per micron® in the nozzle,
arate of change of acceleration values with respect
1,100 X 10 m/sec per micron® in the nozzle, to axial location as do not discontinuously change
in the nozzle,
the above values away from the vicinity of the exit
20  point, a rate of change of acceleration vakes or d*1/dI°

values as do not change sign in the nozzle,
100,000 X 10 m/sec per micron® away from the

exit point, values which are at most any of the above,
50,000 X 10 m/sec per micron® away from the any combination of the above values at various
extt point, locations,

25 10,000 X 10 m/sec per micron® away from the any combination of the above,
exit point,

) any of these values at various locations,
5,000 X 10* m/sec per micron® away from the exit

point, any combination of these values,
1,000 X 10 m/scc per micron® away from the exit any combinations of any of these values with any
30 point, of the values in Table 1

300 X 10° m/sec per micron® away from the exit
point,

200 X 10°° m/sec per micron® at a distance from
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any conbi nation of these val ues, any conbinations of any of these val ues
with any of the values in Table 2, the exit point, 100 X 1013rql§lqé R
mcron' - at a distance from the exit point, a rate of change

accel eratlo 4&&? with respect to axial Iocatlon as do_no

di sconti nuousq ange in the nozzle, a rate of change P&Fmggoé"é?sgratlon

. val ues or d[err | [dl] e | ues as do no I n the nozzle, ,
val'ues whi ch arlle1 afitth mve[ M ?ngtsh %8@3“1&‘%9‘%8%% gliqva}ﬁleﬁpastq#@ above

- val ues.-at: 'd@dfstahliéhedbm&bbﬁaﬁvc@ﬂ&aﬁﬂﬂhhgmtm&I fgﬂislaﬁltﬁla@m%eo?emfan}f these .
val ues at yari ouz | ocat conbl nation o hese val ues, any

conbi nat i off€eTgne n'?e"”ﬁ‘t‘re‘k?f’é eeacf}’&] le g, offyen E{?fempﬁ@allyalemmpmaﬂ@bl el213
- JUNE.2004 MBcHld A&?@ﬁeﬂ%@%@%ﬁ%%@mhﬁwﬁr&&mw&ﬁ s CR0k ﬁlmQ g such
a

aspects W|th specific sanples, the values may al so e est d over the
. ef fecti¥velerEng ﬂl@gﬁﬁlcbaqceﬁlg‘tcmwg@merfgwgrs cIaﬁie@elpb@alldeitehmmtmm,c al'ly.

det er m nedam MANKEH sisud B@uﬂessm&mﬁgﬁa;ﬁﬁm&@%&mme i e GIRL! | cal ly

deternined as an effective sanple ) ain ese a Tve or
coor di nat eekcegsithemartica sapabilities Oétheimlpﬂnyﬁritsmwhngatﬁsho thgyisthé samphaaétmﬁ and can

t . t
g'? h(ranr S, C?H ghfg %Icljt )ﬁ&cﬁﬁ%ﬁecf%r? t})aog&fﬁf | r| Iaﬁ%rs %(r:arr% g(?’é‘%fg%aymb‘ggsghosen SO

as to not mentemsclsy dobidinatinpahd maadamﬂambrahbﬁ dlﬂ‘&ezﬁi‘andxtlEy SFEmRkecl P ¥Rl Et s | ength,
that is othat t etaln C|entl acceptabl e probability of
fuact i ofh i kel geof abon it o @3y i aletooning valics (deterbaned |

or not) so as to not exceed the practical capabilities of the sample, the present invention can

achieve iis ends.

As mentioned earlier, synergy can exist between this aspect and the hydrodynamic

alignment aspect of the invention. The combined twist and pull can and apparently does

15 cause stress in some samples, especially sperm cells. Thus the possibility of combining the
torsional hydrodynamic forces and the maximal acceleration differentiation or the like values,
these aspects can combine to minimize stress as well. There can also be considered the
aspect of combining the above values and concepts with other parameters which are likely

to cause stress in a flow cytometer setting. Such parameters may include operation at sort

20 rates of at least 500 sorts per second, at least 1000 sorts per second, and at least 1500 sorts
per second. Similarly, this can also include operations at 50 psi and the like. Finally, as
alluded to above, certain samples can particularly susceptible to stress, to the aspects
mentioned above, or to the values set forth above. This can be particularly true of sperm
cells, sperm collection systems, bovine sperm cells, equine sperm cells, sperm cells which

25 'have been stained and sorted by their DNA content (such as in sexed sperm cells}, sorted

male or female bovine sperm cells, and even sorted male or female equine sperm cells.

As can be easily understood from the foregoing, the basic concepts of the present
invention may be embodied in a variety of ways. It involves both exercise techniques as wel]

asdevices to accomplish the appropriate exercise. In this application, the exercise techniques

22



manners, by coordinating the maxi mal acceleration differentiation, by
affirmatively limting 10 the maxi mal acceleration differenti t.lj)lQE by
affirmati vely choosing values (determined or not) so as to not exceed the
practical capabilities of the sanple, the present invention can achieve
its ends. K@D%Wﬁ oned earlier, synergy can exist betweB YN EB3%spect and

. the hydrodynami c . ali nt aspect of the jnvention. The conbined tw st and
“pul'l can gﬁglsgﬁﬁgﬁ?ﬁ%ﬁﬁéﬁgﬁﬁ °‘¥’éﬁ9§%a‘§lef’@§’§'ﬂ?elﬁ’a%‘li’ffrée‘g%ﬁ‘?sé@%edé@b’eci ally
- _‘_-s-per=,m-.c--el~=h§step§bzuﬁ:hhfhanwiohiﬁhiﬁu¥n.ofhe9%t§ﬁﬁﬂl§@eh:iiﬁ‘ralrEé&'itf)' Qtﬂ&iﬁigflﬁ{éjr odynanic .

e

forces and the maxi mal acceleration differentiation or I Ke val ues,

these asp8PHes aipteRdgpgdeseriped; By adisien, Sthlespsmeslgvigpsiare distlosedeit slwldal so be

- consi. der ege ilierstodd RRE the® ndk SAIY 2R BPIHNG AR M UELH GRo AN, CRRSERE S With

ot her paraneters which are likely "to cause stress In a flow cytoneter

- set ti ng? - Bieher phmaliet bnporigetly, iantd dbef bp deregoingn athof ose f220s stakishbof at | east
500 sorts, bl S8e( c&nmﬁﬁﬁ%§ﬂﬁ989mﬁ&&ts per second, and at |east 1500
sorts per second. Simlarly, this can al so include operations at 50 ‘psi
and the like. Finally, as alluded to above, certain sanples can

particularly sysceptible tress,..to the aspects nentioned above, or to
t he val ues 'seﬂ#gFF%SlgBE\?@ae@H a@@ﬁag@‘b‘&?P‘?egmsﬁWPﬂs 3Ry deserintioBy m  cel | s,
sper m col TRcich@R shotid BEBwarb ANt MR HREAOTBARLiSh mBFHINRPBREF Bs&@el s Sperm

cells which 25 have been stained and sorted by their DNA content (such as
in sexed EpRdimneaty passiblesyanyerteratives atsy impltih 1 2lso an @os vlly sxrleinitke  and even

sor t ed]fMBsde@d nahR OB 8 iﬁ%ﬁ&?aﬁﬂ%&%ﬁéﬁ%ﬁcﬁb shSw G el B8R ok YeHOH Sinﬁt ood from

t he foregoing, the basic conceptsS o he present 1 nvention nay be enbodi ed

ina vari b ORagRIesepptiynQiod beogdas dunstion o ef & grepicvdnistyqefedtemstiveedt  as
devices t i t Re,: Is : i n.thls. a ication, the
exercise t ug’%%?%\léﬂslé%2 %Eﬂ%ﬁ%'sg%i%lﬁlﬁﬁl%%gn ﬂt‘ﬁ'—? :%g%%%g@g%e gl}ce di scl osed
as part ofventien sdsutibel i Houwae-ariontsétensiholegrechchylemném ofthe davies imisicitlye s

cimpl vt g £ e SieBE e bt AR D b el e

descr i Hedout o metiod drprocesshliaings rey e indiaiddiesidreaheiufaionsBéinvintiosf@ul d  be

under st ood t hat these noi. .gQnl cconplish certain nethods b‘ut. al so can be
DA e | vach G e o Ve er te P Rn Rt Iy S Bice g0 g, ol |

e BETOTEf
of these asaifshesdiabhl Whik@ mdyNanicide@at dnf 1RR 1ROSABRARS Hled ¥phiftkindi SCI OSUr €.

The di scussion included in this ap?licathn is Intended to serve as a basic
descri pt i BPEesS; this disclosure should also be interpreted to include the possibility of any and all
permutations and combinations of any elements disclosed in the description or presented in

20 the claims.

It should also be understood that a variety of changes may be made without departing
from the essence of the invention. Such changes are also implicitly included in the
description. They still fall within the scope of this invention. A broad disclosure
encompassing both the explicit embodiment(s) shown, the great variety of implicit altemative

25 embodiments, and the broad methods or processes and the like are encompassed by this
disclosure and may have been relied upon when drafting the claims for this application. This
application will seek examination of as broad a base of claims as deemed within the
applicant's right and will be designed to yield a patent covering numerous aspects of the

invention both independently and as an overall system.
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The reader should be aware that the specific discussion maiy not explicitly

describe all 'enbodi nents possible; many alternatives are inml LW/Glk.
al so may not fully explain the 10 generic nature of the invemjolzhgrﬁgot#ay

not expli Ci?vb)ﬁlﬁc?%"’ how each feature or el enment can aCt"P%k%“Qﬁg
representative of a broader function or of a great variety of a Pernative

2 Qr eaul val ent GHELR B of M dioud AEREPECHE Tiebfbh i clalfe HEP o Bt M S

di scl osure. Wiere: inventron IS descri i evi

= -t-er-m nol ogachieeaittih aghuaresimanhert. HEhigdisclasereisimpld beinhdeystoof 85 én@bifiPasfedchnct i-on. -« -

) tus clains.. t onl i ncl.uded for the device d i bed, 15 but
Pt o ralia e B Sup el ob SR R P e d s FEHBR) one t he.

- Lnvention. @ptbcesanbodinenpitiev@andrely BwaridNeh by clefént 0856E] Pidi@lariOf t he

termnology is, intended to linmt the scope of the clains which may be
* i ncl'uded a%mé!ﬁ?ef drEstopt BiTS g GEclesier Hateeelempps ofdieinstionghowerdsforthis -
- di scl osur easigktheht Rhaybe ReprbddtddyigBivSientlBrdrited A8 of HRMBOSSLOL L Ly;r0f any and

all pernutations and conbi nati'ons of any elenments disclosed in the
© descri pt i omhyhe fypetinaer wepliipthe et Buchefdyvaent, bioadesppelen mategendsie tammsler st ood
. that a varyg i [,tin fromthe essence
of t he | miaes ohorSaROEbe KRB e Mot of BRSBTS
- descri pt i dermsTae pe sthistifutefl atherewiesifed o mhie: swpligiethe impliitly braad ectarapa.to A br oad

| -di scl o e .. onpassin th,t explicjt. i ment(s). shown, the great
Var eyt R IR AR oL B oF Rkl PR 68 Rt wt gl a0t nods or

pr ocesses maybekktedsédes a meansdrcaitpass Stodyr 2t i demedi WGdHQSAEShaRGidMY have

been reli n ep drafting.the clai for this application. This

ool Cat | SRRy Rt Aot eraud by bR copeeendiaEnES decred

Wi thi n t het tRRRldCMIE Batiphidal @éfentbactitRe. deskaRass 0: Rt ds Bueal ent

covering nunerous aspects of the invention both independently and as an

overal | ~syuBHf: g diclygyodyn prigpatrr 1s7e shoelt/ agndersiosibiy qreetipnes , each of
the, vani isioeheBRM ‘%ﬁ@ﬁtin%@ﬁzﬂeﬂt}’,% 4cPBf ‘@Rbhting €L Fnbor icm[yadi%{?ssgf achi eved
in a variety of manners. This disclosure should be understood to enconpass
each suclorvgy i-aspd gonvseselys were theag prly disgiopfre ghthe attodi“oxientingt, sealya appar at us
enmbodi nenty, [ 2 Ber ~yariation of
any el errentlscg’f'ﬁtg%%gg be?'%g%}%t?%ﬁﬁg? 3% Q%tdi%ﬁélﬁ%%a& é‘g&}j’ gﬁ’érgﬂg%ﬁg%d .Q?(Lat as the
di scl osur evensi “ateass fornrightingBriush cifangds end altemati vederms b e bamndisstdodito beach
:{lggein} ”%%plic%ﬁfinﬁé&%ﬁ?nsﬁxggesggpt%ﬂu' val ent apparatus terns or nethod terns --

20 All references in the disclosure, in the following list of references, filed with or listed
in the priority application, and the priority application itself, are each hereby appended and
hereby incorporated by reference; however, to the extent some statements might be
considered inconsistent with the patenting of this/these invention(s) such statements are
expressly not to be considered as made by the applicant(s). In addition, as to each tefm used

25 it should be understood that unless its utilization in this application is inconsistent with such
interpretation, common dictionary definitions should be understood as incorporated for each
term and all definitions, alternative terms, and synonyms such as contained in the Random
House Webster’s Unabridged Dictionary, second edition are hereby incorporated by

reference.

24



only the function orresult is the sane. Such equival ent, broader, or even
nmore generic terns should be considered to be enconpassed i n3t‘j1?N 2004
description of each elenent or action. Such ternms can be substi u'tEe(Q wher e

desired towmpiReRXPlicit the inplicitly broad coverage g@rdddoshsech this
invention is entitled. As but one exanple, it should be understood that all

.actions . mayberexnl 8388 theRbntet FRARS hiRwit kisREIdHAhdRGbd Rt Me 18y, an el ement
whi ch causes that "action. Simlarly, each physical elenent disclosed '
wrshout-d- be*“comgeisst wodridtoneschapseogprsed| e icomprsag”.gfe inteadedctoitoplywkd ch . t hat -
physi cal elenent .facilitates. Re i LS. | : - one
. fr}‘f&m&fl §£i’ s ﬁé elem?n%gﬁ st& &%E‘o%%?el%én%s or sbaﬁz ﬁ@:ﬁl{xd dexgﬁmgﬁl

exanpl e, re o oriventat ron nozz e understood to -

21 @NCONPass atypotBitrefdneaibratep br group’ aff cleethis jog)stelse fumhttérms slverldlet intofprétat i ent i ng”

o whet her explicitly discussed . o Qf --_.an onversel vy, re there onl
i 5ol ostr i Breameet Sptusge I oot AR g enRiee e SRS reetke [ be

. -under st o_ogeﬁ@ssmigmmsd&&%gwaﬁaa{dtﬂ@m‘(‘eori entation el enment” and .even a
"means for orienting". Such changes and alternative terns are to be '
understood to be explicitly included in the description. 20 Al references
in the disclosure, in the fol pgykRe ddcaivpelTg ef erences, filed with or

listed in_the priority application and the priority a ' fon itself,
are each mSEEEZNﬁQ e"lgéq ang NApEreby inq%pﬁgrqtﬁ%ga%s L JA TN TaTol=N IFowever, to -
t he exten —Sﬁ?PgE SHet TS ] %a'\frt e COmSpoergo MTCOITST Bé!ﬁ)é& wrtih the .
pat enti ng G180 s/t hbde n\/Frﬁu:m(c) sudgh. st atlar L—E&pl-eiby not to
be condPdpteaoTas nadp®43¥87t he SeppPi cant (9)*%¢ | n |@8di ti on) °883t 0 egfch term
used 25 ifsskeul d bel undar stleack t hat unlijess it|seutilizatiomerin this

applicati apmmcwy MTCOTTE o BT (Wb SUCTT T[T ET PTEg At T O, [GZg¥pm arjcti onary
defi nitioms’_s’aam_d—bé—uage;éfroo as—peaporated—for—epch—termipnd al |
definiti op&88t er naf IXPE™ er M4 _svn s 478 as cont'Phed ilh t he

Random Hpeasesebst ef bswssnalrshiged Di ct i|@var y,| €€icond ¢dasPon arfe her eby
i ncor pes Al T PY T € ELALSE. ot d UNE 2QU% WO |G17 40765 | 4z564JS007 #2350
ot :Bf t“”‘

Final ly, [p-ess—the—fortextireqgutres—ptd , - rst ood
that the {etif® Con’p’?léog% ad ¥ riégéiietﬁ' Eﬁ(‘h < | conpi i SAS" o

"conpri si pgtoz.oar e i nf @AY t{d=idaingh t he |i4ffcl udiléh of ald¥dPed ellprment or
step or Qfop:0T el emnts of ved&sebut nat the sexel usi pmo@bs , any ot her

ie'megfgﬁ I ) A g e e AN TR R

20 1 5,690,895 11/25/97 Matsumoto et al. 422 73 12/06/96
5,700,692 12/23/97 Sweet 436 50 09/27/94
5,726,364 03/10/98 Van den Engh 73 864.85 02/16/97
5,985,216 11/16/99 Rens, et al. 422 73 07/24/97
WO 99/05504 07/24/98 PCT Application 6
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OTHER DOCUMENTS

Dezn, P.N., Pinkel, D. and Mendelsob. n, M.L. 1978. Hydrodynamic orientation of spermatozoa heads for flow
cytometry. Biophys. J. 23:7-13.

Fulwyler, M.J. 1977. Hydrodynamic orientation of cells. J Histochem. Cytochem. 25:781-783.

30 Seidel, G.E. Jr., HerickhofT, L.A., Schenk, J.L., Doyle, S.P. and Green, R.D. 1998. Artificial insemination of
heifers with cooled, unfrozen, sexed semen. 1998. Theriogenology. 49(1):365
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5 466, 5721}

.in their nost expansive formso as to afford the applicant the broadest

coverage legally permssible in countries such as Australia mﬁ%édg ke
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. 3645550B#@2/ 93 5, 602, 03902/ 11/ 97Van den Engh43616410/ 14/ 94

5 602, 3490 mll%\éanumahmgmnm (10 L — Floy Thy |
/ Q'fk/at surﬂb

a 622233%2 ,9ﬁ§g ‘gﬁggé%$¥8%§g%éﬁh 33&33%%?@3wai*& 726 36403/15?9gban__"

: den Engh7 %2?@5@%f&6?9?“§°@Q@mffsﬁﬁ?wﬁwggﬂwﬁémW%t%a%Eﬁﬁ@@@ﬂ%ﬁ@ﬂ/97 WO

- 99/ 0550407 SbinSgRETarigFpAm” TadumicalNees\YPoi6y 33,2995, b04s-85/ O6US. OTHER. UVENTS
. Dean P. N. {f Guke WEH., and Idhns@1Ch. pﬁ&ﬂ%pﬁmmm 1} efficdhol of ﬂwcﬁﬁnemt%lqgng agc?‘i[n C
orientati (‘Jt;%hrgimscﬁlg ﬁekwe%gﬁmg% ai%ls fa %lew IQWNewCZ¥aﬁ eg¥tl‘ Ammal%g ion thrce 23:7- 13,

Ful wyl eio Hydrodynam ¢ orientation o stochem

Cyt ochem [PBE781- 783 30 Seidel  GE_Jr Heri ckhoff L.A. . Schemk, J.L.,
Doyl e, S. H|Reegr¥: <Gt Simproved¥1d®, CrearapgigSortifigrof X-fuid &t Cytom¢seps Eeiing Simonbsgia
Increase in Yield of Sexed Semen”, Molecular Repraduction and Development, 1999, pp 50-56.

Johnson, L.A., Welch, G.R., Gamter DL. 1994. Improved flow sorting resolution of X- and Y- chromosome bering
viable sperm separation using dual staining and dead cell gating. Cytometry 17 (suppl 7):83.

15 || Welch G.R., Houck D.W., Johason L.A., 1994, Fluidic and optical modifications to a FACS TV for flow sorting of
X- and Y- chromosome bearing sperm based on DNA. Cytometry 17 (suppl. 7): 74.

Johnson L.A., Pinkel D. 1986. Modification of 2 laser-based flow eytometer for high resolution DNA analysis of
mammalian spermatozoa. Cytometry 7:266-273.

Johnson L.A., Flook 1P, Losk M.V. 1987. Flow cytometry of X- and Y- chromosome bearing sperm for DNA
20 || using an improved preparation method znd staining with Hoechst 333-42. Garnete Research 17: 203-212

Johnson L.A., Flook I.P., Hawk H.W. Sex preseletion in rabbits: Live births from X znd Y sperm seperated by
DNA and cell sorting. Bio Reprod 41: 199-203, 1989,

US Application 09/454,488, entitled “Improved Flow Cytometer Nozzle and Flow Cytometer Sample Handling
Methads, filed December 3, 1999
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heifers with cool ed, unfrozen, sexed senmen. 1998. Theri ogenol ogy 49(1): 365
25 3 JUNE 2004 10 15 20 WD 01/ 40765 PCT/ US00/ 42350 Johnson, .. V| ch

G R ,Rens, W and Dobrinsky, J.R 1998. Enhanced fl ow cytonet |3|{U|§5r2cq0ﬁg of
manunal i an% R sperm high speed sorting and orientj %35116 for
artificial 1Tnsem nat| on. Theri ogenoi ogy. 49(1): 36l. abst r ac V., et
al ., "uUni f @Lrlgﬁ Orientation, Cused by Flow Forces, of Flat Partl cI es
in Fl ow ThY 64 stem; The . Journal of Hi stochen stry and :

Oyt ochem stry, 1997 VoI 25, No. 7; .pp~774 -786.. Rens, W, et al., -"A--
Novel %ﬁ; More Efflcient SpermOrlentatlonto | mpr ove Sortlng

Ef fici ency selaimed sy chr onpsorme- Bear i ng Sperm' ‘Techni cal Not es, '

- Cytonetry B3,  WO8Sy cRPmdAGy48d, cofgfifisgy: M P. | and_Johnson, L.A., -"Recent -
inmprovements in efficiency of flow cytongtri c sorti ng of X and A

“chr onvsone beritng speEArRlGicefinmddte havigg phig|egtion poing (irqugh whirhggamplew Zeal and -

- Soci ety s0f Ani mal - Ppg) 6Chir@dhced; Nr €6 pages- Rens, W, et al., "Inproved Flow.
Cytometric Sorting of  X- and Y- Chronpsone Bearing Sperm Subst ant i al

I ncrease in Yi & d o#sheathdyidseniginer hakipg e beffont enapd whierein said sampde Devel oprrent ,
1999, pp 50-56. Johp, feggg 1Jubé§ cy\ch mgal&ft ﬁhﬁ%oma%r 1994. Inproved flow
sorting resolution 0 %? r OMDSONE Der | ng Vi abl e sperm separation
usi ng dual st aieni ngasimthcﬂladdaoctebﬂnegaiiomgdsﬁéﬁﬂxﬂmiwo;ataih&,(suppl 7):83. Wl ch
G R, Houck D. W, John 4. Fl.ujdic d optical nodjfications to
a FACS IV for #iow %3? c@%eﬂtﬁ %Wﬂlﬁhfﬁ%aggwﬂgg% e %"Her based on
DNA. Cyigoretry 17 (ﬁljepﬁﬂnpoﬁ)t and 4. Johnson L. A, Pinkel D. 1986.

Modi fication of a Iaser-ba ed flow.c ter for. high resolution DNA

anal ysi s of mafimal i ZFeyE (7ao e ?‘i‘i glow sayd Sgde Orsipnal kRGN L. A, Fl ook
J.P., Look MV. 1984zl oW cytonetry of X- and Y- chronosone beari ng sperm
for DNA using an inproved preparation nethod and staining wth Hoechst
333-42. Ganete Research 17: 203-212 Johnson L. A., Flook J P., Hawk H W Sex
presel etion inar@RPihsnetdris ylﬁenbagée&%bémnam%e%m%ﬁﬁ Bgigled by DNA and
cell sorting. B| 0 Reprod 4 199- 203, 1989. US ca1 I on 454, 488,
entitled "I rrprovmﬂatﬁhowﬂe)mmweﬂSm@zmraoluhmteﬁbwf&mmm Sanpl e Handl i ng

15 3. A flow cytometer system as described in claim 2 wherein said single torsional
interior surface element comprises a tapered, elliptical-like, single torsional

interior surface element.

4. A flow cytometer system as described in ¢laim 1 and further comprising:
a,  a first axial motion surface in said nozzle;
20 b. a second axial motion surface in said nozzle; and
c. 2 limited maximal acceleration differentiation transition area between said

first axial motion surface in said nozzle and said second axial motion

surface in said nozzle wherein said limited maximal acceleration

differentiation transition area is coordinated with said sample so as to be
25 affirmatively limited to not exceed the practical capabilities of said sample

over its length.
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Met hods, filed Decenber 3, 1999 26 3 JUNE 2004 WO 01/40765 VT. CLAIMS
PCT/ US00/ 42350 What is clainmed is: 1. A flow cytoneter system corrgri si ng:
a sanpl e injection tube having an injection point through whi éWUNEZMe

may be intr . .D. a sheath fluid contai ner having a d and
wher ei n sai g‘qg@f‘r‘p Gfé injection tube is located within salp(gltng‘ﬁ@%%ﬁ] fluid

_container, .c. a eath fluid port. capnected to.said . sheath flujid container;
10 a singl & ¢ or TSR A st mieB A= BDS S Rl & Pug MRt bel ow
~-sai:d ~-i-nj ecti onsuplatedompaise adirst axialaibedldtition shrizoy sldemew Sk ReHaagiaPel ow sai d
single torsional orientation. nozzle, 2. A flow cytoneter system as
descri bed in cl ZPRS eamprises p speand axfabageeiprafioRayifaceor i ent at i on nozzl e
conprises-a single torsional .interior surface elenment. 15 3. Aflow
cytoneter system as described in claim2 wherein said single torsional
i nterior: sfrfact leveromete sifsn 5 descgbedp elpisys whartin prid negzlelhake,  singl e
torsi.onas 1Nt Sk QraRdH VRieLoi@TT R intéhnal Sirfsb Qg WHEAIRLA acBY SN S
described in claiml and further " conprising: a. a  first axXial notion
surface in sai dvaluss afessle@l fiom agrovg combrigingal  noti on surface in said nozzle;

and ¢c. a.limted naxinal celeratio ifferentiation transition area
bet ween said first axi af“%(r%r'bo?@ﬁn%hﬁ}l{bagdem;ig?fp?aﬂfmﬁmzl e and said second
axi al motion  surfaee i nnataiotk thazaost oMsat/icheSictbnlaivdy BB thEVLIRY
acceleration differenti aﬁttLon.tr. nsition area is coordinated with said
sanpl e so as to be 25 af PiPHETIEFS Iinmited to not exceed the practi cal

capabil1¢i es of said sanieore than about 0.10 m/sec per micron away from the vicinity
of the exit orifice,
- not more than about (.13 m/sec per micron away from the vicinity
of the exit orifice,
- not more than about 0.16 m/sec per micron in the vicinity of the
15 exit orifice,
- not more than about (.20 m/sec per micron in the vicinity of the
exit orifice,
- not more than about 0.23 m/sec per micron in the vicinity of the
exit orifice,
20 - not more than about 100 X 10 m/sec per micron at a distance of
more than 300 um away from the exit orifice,
- not more than about 50 X 10 m/sec per micron at a distance of
more than 300 um away from the exit orifice,
- not more than about 25 X 10 m/sec per micron at a distance of
25 more than 300 um away from the exit orifice,
- such acceleration values with respect to axial location as do not
- discontinuously change along a central axis,
- not more than about 100,000 X 10 m/sec per micron?,
- not more than about 10,000 X 10 m/sec per micron?,

30 - not more than about 2,000 X 10 m/sec per micron?,
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" said accel eration Vval uég"

over its length. 27 3 JUNE 2004 10 15 20 25 30 WD 01/40765 PCT/ US00/ 42350 .
A flow cytoneter systemas described in claim4 wherein said first _axial
notion surface conprises. a first axial acceleration sur f ace 3aldNRRA04

~.sai d second, axial.. motion surface conprises a second axg&m&ﬁﬁgg‘?r ation
surface. ATToOw cytonmeter system as described in claim erern said

Sard acoeteration  val udet B TerBi Tl of K B bR AT D | 51 ng: - not more
~2+than.about 0: 16 ni:sec - peiot fibre kiR abdud 00)I00EX t he/s@ietihicbnd Byl e per micron. . .
caway fromthe vicinity of the eixlt orifice, not nore than about 0.10 nisec

per micron away from t hddSYIGEY ehhe ft ofifige. exi ¢ orifice, not nore than about -

0. 13.-m sec per rri_cro.-n;;aw@ymglreg{mlmty@,g{bmwamggqI;egﬁli‘.gagz_tawgrﬁ.g,{lc_e, - not
more than about 0.16 misec per micron in the vicinity of the exit orifice,
“-'not noré than about 0:20haWigRE fdhe FHLEFBE. i n the vicinity of the  exit S
_orifice, not more than aoubreGhaddodth $660PR % o nfbAlhr i gl ty of the
exit orifice, not nore ?ﬁar_] _rg.bout 100 ’@%%%E&&}ﬁ%{&n& c%go%angt' a di stance
~of -nore than 300 um awdle Vel affties egitiotifiess i fi ce, not nore than about 50 X
10-3 misec per mcron ,atnofamgrleﬁ'}agggo%t 9,()0()}(10'ﬁ m/sec per micron® away from the -

vicinity of the exit orifice,
10 , -~ not more than about 1,000 X 10" m/sec per miicron’ away from the
vicinity of the exit orifice,
- not more than about 300 X 10 m/sec per micron® away from the
vicinity of the exit orifice,
- not more than about 200 X 10-% m/sec per micron? at a distance of
15 more than 300 um away from the exit orifice,
- not more than about 100 X 10 m/sec per micron? at a distance of
more than 300 um away from the exit orifice,
- such rate of change of acceleration values with respect to axial
location as do not discontinuously change along a central axis, and
20 - such rate of change of acceleration values with respect to axial
location as do not change sign along a central axis away from the

vicinity of the exit orifice.

7. A flow cytometer system as described in claim 4 wherein said limited maximal

acceleration differentiation transition area comprises a unitary surface.

25 8. A flow cytometer system as described in claim 4 wherein said limited maximal

acceleration differentiation transition area comprises a unitary exit orifice.

9. A flow cytometer system as described in claim 4 wherein said analytical system

which senses below said nozzle operates at a rate selected from a group
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more than 300 urn away fromthe exit orifice, - not nore than about 25 X
10-3 msec per mcron at a distance of nore than 300 urn avva?(’ M@E‘ togﬁ
exit orifice, - such acceleration values with respect to axia t4 as
do not discontinuously change along a central axis, - not nore than about
100,000 X 10-6 nfsec per mcronferr], - not nore than about 10,000 X 10-6
-m sec per mcron[ferr], not nore than about 2,000 X 10-6 m sec per mcron',
28 3 JUNE 2004 WD 01/40765 PCT/ US00/ 42350 not nore than about 1,100 X 10'6
m sec per mcron,, . not nore than about 100,000 X 10 nisec per mcron
away from 10 15 20 the vicinity of the exit orifice, not nore than about
50, 000 X 10-1 h. away fro vicinity of the exit
orifice, not r?orgﬁﬁg%l% o%@%ﬁ%ﬁf)éé%cgﬁﬁgasﬁlp@géo é:fgrfﬁ%ﬁrfdoﬁ'? dleast P m the
. vicinity of tHherteparsecord.fice, not nore than about 5,000 X 10' nifsec per
mcron' away fromthe wvicinity of the exit orifice, not nore than about
1,000 X 10-6 msec per mcron away fromthe vicinity of the exit orifice,
not nor e Phan Aafowcy@oetesystom amteedbaden clined and fusthercofpading Hpressuiigition ty of
the exit orifi nore .t 200 X 10-6 nfsec per mcron, at a
di st ance of ﬁ‘gs‘r%%m?vﬁ%lﬁut(r)wst??%%étt\%go;w#or%ﬂ’?hthe exit orifice, not nore than
about 100 X 10.6 nisec per mcron' at a distance of

11. A flow cytometer system as described in claim 9 and further comprising a sperm

collection system.

i2. A flow cytometer system as described in claim 10 and further comprising a sperm

collection system.

13. A flow cytometer system as described in claim 4, 7, 8, 9, or 10 wherein said sample

comprises sperm cells selected from a group comprising bovine sperm cells and equine

sperm cells.

4. A sexed sperm specimen produced with a flow cytometer system as described in claim 11
or 12.

15. A sexed sperm specimen as described in claim 14 wherein said sample comprises sperm

cells selected from a group comprising bovine sperm cells and equine sperm cells.

16. A mammal produced through use of a sexed sperm specimen produced with a flow

cytometer system as described in claim 11 or 12.
17. A mammal produced through use of a sexed sperm specimen as described in claim 16
wherein said sample comprises sperm cells sclected from a group comprising bovine

sperm cells and equine sperm cells.

18. A flow cytometer system as described in claim 3 wherein said tapered, elliptical-
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nore than 300 umaway fromthe exit orifice, such rate of change of
accel eration values with respect to axial |ocation as do not
di sconti nuously change along a central axis, and such rate of Mﬁg%’odf

~accelerati Q@o\ifﬂwﬁ'&s with respect to axial |ocation as q.e.r;agéommange si gn
along a central axis away fromthe vicinity of the exit orifice. 7. A flow

- CyLOMEter Syt g%, ASSRhNSHed uihAl AL ALN. Sal d 11 m ted maxi

accel eration di ation transition area conprises a unitary surface.

202508 A-fl.ow: cyat oneteelligsgdike deraescation beativadochated et shounsald idfeetien poistai d- | i mi ted

maxi mal acceleration, differentiation transition area conprises a unitary
exit orifice. 9. A ff%w cytoneter system as described in claim4 wherein

--~gai d_anal .yt i:calb. sys teéliptivhty-dberésing esncleflcfdinS fbib bélow: di€elgpRliRbes at .a rate

“.“second, "at |east 10

selected froma gro 29 3 JUNE 2004 conprising at |east 500 sorts per
8"%'%“?%9“& Isecond, and at |east 1500 sorts per -
second. 10. A flow cytoneter system as described in claim4 and further
conprising a pressurization systemwhich operates at |east about 50 psi.

© 11, A 1 owSeyt drBeveytemelersyters agdeseribes Burlainm 3ovherain Diddentreduellivfisal- conpri si ng
a sperm col | el QB iMSkSMI intérior ShrfaOWefidd O L. system as described in
claim 10 and furt’helJg conprising a sperm collection system 13. A flow
cyt onet er syst am asari@ipticithéngréasing kerien 4, 7, 8, 9, or 10 wherein said

.sanpl e . conprises spermcells selected fram a group conpt.isi.ng bovine sperm
cells and equine sp ?lﬁlsgz'}(?éémaicfgo Egaeufggc's 3?%%‘%%&8?1@5}%‘? duced with a
fl ow cytoonet er syst enteasngdesesanded in claim1l .or 12. 15. A sexed sperm
speci nen as described . jn, claim14 wherein_.said sappl.e conpri ses sperm

cell's selected®fr on?‘be]b?%ﬁ’ﬁﬁﬁ%‘??ﬁ’?? gqqquw%%ong)aé 11@81?’49@%&8&% ne sperm
cells. 16. A mamal jopstdduced t hrough use of a sexed sperm speci nen produced
wth a flow cytoneter systemas described in claim1l or 12.

20. A flow cytometer system as described in claim 18 and further comprising:

a. a conical zone located below said ellipticity-decreasing zone;
15 b. a ¢ylindrical zone located below said conical zone;
wherein both said conical zone and said cylindrical zone comprises a
laminar flow surface;
a circular exit orifice located below said cylindrical zone;
d. an oscillator to which said circular exit orifice is responsive; and
20 . a flow cytometry sorting system below said single torsional orientation
nozzle.
21. A flow cytometer system as described in claim 19 and further comprising:
a a conical zone located below said ¢llipticity-decreasing zone;
b.  acylindrical zone located below said conical zone;
25 . * wherein both said conical zone and said cylindrical zone comprises a
laminar flow surface; and
a circular exit orifice located below said cylindrical zone;
d. an oscillator to which said circular exit orifice is responsive; and
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| T A mammal produced through use of a sexed sperm speci nen as described in
claim 16 wherein said sanple conprises spermcells selected frmg roup
conprising bovine spermcells and equine spermcells. 18. A ter
system as dﬁg@i&ﬁ&i n claim3 wherein said tapered, elliptical 30 3 JUNE
2004 WO 01/ 5 / US00/ 4'2350 i ke, single torsi onal i TS BYur f ace.
.. el ement corrprl ses: a; gan pse- | | emr ca | ocati on | ocated at

" about ‘said inje&tion BBV RS bind amt?gs%ghmgt?eﬁ'ﬁta} tﬂfé’@?"é&%‘?"r‘iﬁmﬁone
~extendi ng from bel owezae.d elli pse-1ike demarcation |ocation.~~10-19. A flow
cytoneter systemas described in claim3 wherein said tapered, elliptical-
li ke, single torsional interior surface elenment conprises: a. an

~-eblipticitys ncaefw@%M@ystéﬁms&ﬁscﬁbéd@%ﬁm!lslﬂseavh%%afg%g 9, | ocation.
downstream from said el lipticity- increasing zone; an .

“Cel'liptici ty- decPiBigahbke: gpge @prﬁgoﬁsmﬁbméﬂteﬂa@%meﬂlzorteeandesaﬂr cation
| ocations 20. )I]%Mawgﬂgg;%tﬁfw%yst em as described in claim18 and further

corrprl sing: 15a. ozzle. a conical zone |ocated bel ow said
ellipticity-decreasing zone; a cyli ndri cal zone | ocated bel ow said coni cal

zone; whergin bgt ffB ni cylindrical zone conprises a
| ami nar fl 2\% su}rsl wscg{og“e%? st as MRS crfhls B0 WherefShi tapered,

elhptlcal like, a single torsional interior surface element, said conical zone, said

cylindrical zone, and said circular exit orifice are unitary.

24. A flow cytometer system as described in claim 22 wherein said ellipse-like
10 demarcation location has a major axis and a minor axis having a ratio, and
wherein said ratio of said major axis to minor axis comprises an optimal ratio for a

sample.

25.  Aflow cytometer system as described in claim 24 wherein said major axis of said
desired ellipse-like demarcation location is about 2.2 mm and wherein said minor

15 axis of said desired ellipse-like demarcation location is about 1.0 mm.

26. A flow cytometer system as described in claim 19 wherein said ellipse-like
demarcation location has a major axis and a minor axis, wherein said major axis of
said desired ellipse-like demarcation location is about 2.2 mm and wherein said
minor axis of said desired ellipse-like demarcation location is about 1.0 mm.

®
20 27. A flow cytometer system as described in claim 22 wherein said single torsional
orientation nozzle has a downstream direction, wherein said ellipticity-decreasing
zone has cross sections and cross section areas, wherein said cross sections of said
ellipticity-decreasing zone undergo transitional changes from ellipse-like shapes
to circular shapes downstream, and wherein said cross section areas become

25 progressively smaller downsteam,
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acircular exit orifice located below said cylindrical zone; an oscillator
to which said circular exit orifice is responsive; and a fl ow_cytonetr
sorting system bel ow said single torsional orientation 21. A # Ey"l ter
system as desgidg@d in claim19 and further conprising: pcgwsiaeRni cal zone
| ocated below said ellipticity-decreasing zone; b. a cylindrical zone

cylindricdl” zone comprises-a |am nar ow surface a circular exit"

ocat ed beloow 34, ¢ &L&alsyztaﬂlqgd%éib\e@g{&aiﬁzb%@reﬁ%g,nﬁqgh%gs zone and said

-orifice | ocatedediohsonfssideiliptsity-dedieising zopehae 2 mdjor axis ow@itinetaxis and whi ch. sai d

circular exit orifice.js.responsive.. . 3 . 01/ 40765
PCT/ US00/ 142356/ S8 SZ1dpajer aé%t%%%a?“f‘ym?ﬂ%ﬁpjﬁ‘ﬁ%s%‘? %&ggﬁég Sai d single

torsional . ori edb@hstesn. nozzle. .22. A flow.cytoneter systemas described. in . .

claims 18 wherein said tapered, elliptical-like,: single torsional
~interior surface elenent, said conical zone, and said 5 cylindrical zone
fare unitaryg. 23, Ad Eftemetesy QbR e desaitil 86la 20 abetkiniaid coricdl ade’® 20 wherein

said tapered, elliptical-like, a single torsional interior surface
el ement, said @bHfeAMBEReeigdai d cylindrical zone, and said circular exit
orifice are unitary. 24. . A flow cytonmeter systemas described in claim22

wherein said ellipse-like 10 denmarcation |ocation has a major axis and a
m nor axi s30havisnfipvacyternéter, systend as dasesrusil in dand9 wherein sl cylindicaapenris axi s to

m nor- axi' s conpii tjml ratio for a sanple. 25. A flow cytoneter
system as descﬁé%%gﬁﬁﬁﬂ% g%i 4 wherein said major axis of said desired

el lipse-like demarcation |ocation is about 2.2 nm and wherein said m nor

15 axi s of_sai esired ellipse-|ik emar.cati.on. | ocat i is_about 1.0 nun.
26. A 11 ovfloyt OrETEP SyLRanEE e BA o Ehn 26 R e

el i pserd i ke ieerre@fice Biemomabinpised A gradualpiapéred Xingle sovclom!l mteniot axi s,

wherein said maj or axis of
strface element.

32. A flow cytometer system as described in claim 31 wherein said gradually tapered,
single torsional interior surface element comprises an interior surface element that

tapers at about 23°,

15 33. A flow cytometer system as described in claim 19 wherein said tapered, single
torsional interior surface element comprises an interior surface element that tapers

at about 23°.

34. A flow cytometer system as described in claim 23 wherein said single torsional

orientation nozzle comprises a single torsional, ceramic orientation nozzle,

20 35. A flow cytometer system as described in claim 22 wherein said single torsional
orientation nozzle has a height and a top with an outer diameter, and wherein said

height is about 13 mm, and wherein said outer diameter about 6 mm.

36. A flow cytometer system as deseribed in claim 20 wherein said flow cytometer
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said desired ellipse-like demarcation location is about 2.2 mm and wherein
said mnor axis of said desired ellipse-like demarcation | chtzjlm @ about
1.0 mm 20 27. A flow cytoneter system as described in claim E200
said single torsional orientation nozzle has a downstream direction,
wherein sai¥O8149%45t i ci t y- decreasing zone has cross sectfCOWEWARH0cr oss

section, areas, wherein said cross sections of said ellipticity-decreasing .=

zone urider-go t SETIER EOTBRIIES THEHGEE RS, ard Whesein paik apesprh plliptical-bkes i 1 cul ar

shapes -downst.r QLS Bur Bk S55: SEGLA Q. e 25 TR
progressively grﬁr{ag}eltgrggdomirfdéam 3%61%&?3%55%8{6%9%@8%55%%8 / US00/ 42350

28. A flow cyt @heutér25 sy indizrasterdnd said twdlar exitairificers 2FounOF einnineach of said

cross. sectiong;of . said ellipticity-decreasing zone has a major axis and a. . -

m nor axi s and erein said-major axis and said mnor axis progressively
beconme equal downstream 5 29. A flow cytoneter systemas describedin
cl.aim 21 whereinssai.d conical zone is..about 0.3 nmjn height. 30. A fl.ow
cyt onet 'JeSrV\'{s]];stM%vgc %@Eﬁ%’%ﬁmﬁ "'é‘f‘&%eﬁf“fg‘“ﬁﬁér“&eﬁ"’ssai OESHY?OFRTFq’caI zone i s
about 0. 15 mm ispsténe cq@hrisesSalcirciial dx@twrifiyd, axPliReis y6d Bpras cligheljiked in claim
2 wherein said sipql e torsional . 10 intgﬁ;or surface elenent conprises a
gradual 1y t aperBgeaspgldnteror srfreslement dpg ypouth gud whesein paidmpnth is32. A f1 ow

cytomet er syst epa@s.268 aaf i dasktérindiadd dicdidr WRREGELs SBdutlo 0 adia! | Y tapered, -
single torsional interior surface el ement conprises an interior surface

el ement that HFEEES at about 23. 15 33. A flow cytoneter systemas
described in claim 19 wherein said tapered, single torsional interior
surface el ement conprises an interior surface elenent that tapers at about
23. 34.107 38 owAchlavordemetersysiere as described mrcldin 36 whereinaaihc@dcaMaedhsna sai d

single torsion | & ' ises.a single torsiqgnal, ceramc
orientation noggfl‘g&’ gU %Ehla%@%eﬁgéﬂg@?%@elwg Wiﬁrgtgsmgé%pc‘?‘tissﬁgd in claim22
wherein sai d sicogéat zemerisabonte]. 19 mm.

39. A flow cytometer system as described in claim 37 wherein said conical zone has a
top with an inner diameter, and wherein said inner diameter at said top of said

15 conical zone is about .19 mm.

40. A flow cytometer system as described in claim 18 wherein said sample inj ection

tube comprises an orientation-improving sample injection tube.

41. A flow cytometer system as described in claim 40 wherein said orientation-

improving sample injection tube comprises a beveledA tip.

20 42. A flow cytometer system as described in claim 41 wherein said beveled tip has a

circular mouth and wherein said circular mouth has a diameter of about 0.01 mm.

43. A flow cytometer system as described in claim 41 wherein said tapered, elliptical-
like interior zone has a major axis and a minor axis at said injection point, and

wherein said major axis of said beveled tip is aligned with said major axis of said
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orientation nozzle has a height and a top with an outer dianeter, and
wherein said height is about 13 nm and wherein said outer di a‘gﬁhgr %gout
6 Mm 36. A flow cytoneter system as described in claim?20 whér 20

flow cytom@&,ﬁ%FB JUNE 2004 WO 01/ 40765 PCTI USOQ 42358~f¥SdoBiEse ONPri ses a

circular exit oritice, and wherein said tapered, elliptical-like, single .
...torsional .integ] A6 £ _ I I wherein said nouth is
" ‘about 5.25 mMm ?éﬁ%ﬁ’%ﬁﬁug@%gghﬂglg?%?ng?fsg%@?&tgg??jggri fice i's about 0.07 mMm

~in.  dianeter. 5 37. A flow cytoneter systemas described in.claim35.

~__wherein sai,d flow cytoneter sysiem conptis circylar exit orifice, and
“wherein said t Qr“éé’fm"éff Efrisﬁtﬁéﬁc{ef;%&mciﬁnﬂgs gﬁ?pﬁli“ﬁ‘ Fogle il or surface

~«.el ement: has a gRettiod RezZWRE Bbsttosn ndlerddithia bbwied @P Ok a Gredfar mBAthn di anet er

and said circular exit orifice is about 0.07 nmin dianeter. 10 38. A flow

cytometer syst SRS sgiddlop; FRmehsIEieR CRUEISE AFISHAEEGRERl zone has a

~otop-wi tl-an i npRktedABRbEkom 8didMIRIAbRioA o ert#08 hoB2uMRitviferdl saffi d top of
said conical zone is about 0.19 nm 39. A flow cytoneter system as

“ described in cigctipmroipicioedtes a a digtapesriansaidonqalat el obfice of saidisinglean i nner

_di aneter, and f s Sakig 4 " »Saied ' coni cal
‘zone is about O. 1%:&%&1&5%89:1 }A&?ﬁg%@v‘%‘%%g{tpﬁ&gégpg%s%g c’géusl%?# g{é&l n claim18
“wherein said ssaipbeveledjiptictives minipind torqying forsesso aghieye areerieatatiomediynpr ovi ng

sanpl e injecti on tn?sbt;ﬁls 41. A flow cytoneter system as described in-claim40.
wherein said of Rt atlon- i nprovi ng sanpl e injection tube conprises a
beveled tip. 20 42. A flow cytoneter system as described in claimi4l
wherein_.said beveled tip has a circular. pmoyth. and wherei.n said circular
mout h 195 28” of e it v Siohi Spslk K hdRn i Bt Paydt om as
described in ciceated sk AMRESErém SAd Cirdubip exiestifice hilvhikdhi seidloriedthtkdallynt eri or zone
has a major axis and a mnor axis at said injection paint, and wherein
sai d maj or axi d159Fd gapsoiad strarie tsispostantially; epEngg When §aid SRS BHSaxi s of said

34 said circular orifice of said single torsional orientation nozzle.

46. A flow cytometer system as described in claim 45 wherein said injection point is
15 located about 6 mm from said circular exit orifice of said single torsional

orientation nozzle.

47. A flow cytometer system as described in claim 9 wherein said flow cytometer

system has dimensions established according to claims 26, 29, 30, 36, 38 or 46.

48. A flow cytometer system as described in claim 1 wherein said sample comprises

20 sperm cells in a sperm compatible buffer.

49, A flow cytometer system as described in claim 48 wherein said analytical system

comprises a flow cytometry sorting system.

50. A flow cytometer system as described in claim 49 and further comprising a sperm

compatible collection system.
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3 JUNE 2004 WO 01/40765 tapered, elliptical-like interior zone at said
injection point. PCT/USO0/ 42350 44. A flow cytoneter system aﬁaﬂﬁiﬁggﬂ]ﬁd in
claim43 wherein said single torsional orientation nozzle has

wherein said beveled tip has a circular nouth, . V\here'blélgﬁ&{ug %1[ ow
cytoneter s‘ygf”é‘f?ﬁsurther conprises a circular exit orifli P2 ed at said
bottom of said single torsional orientation nozzle, and wherein said. o
injection point is. located at a distance fromsaid circular exit orifice’

- of - sai d sisgl e Afléw syteriettr Dstbre B @séred MATalh 89 dherdiiisGh sanfi@mhRis@&Xi ting from
said circular nouth of, . said beveled tip receives mninmal torquing forces
‘to achi eve an &P§EsElYipsparmpompgtiblshufferand wherein seid aperm selfs|agvselegied met er o
system as descigheferbih dohdbtie 48R IsEirR &@ﬂd'gmi&%&meggi nt is |ocated at:- -

a distance fromsaid circular exit orifice at which said orientationally
- aligned status of said sanple is substantially maintained when said sanple -
. .exits. saig cirg Qb Ll SRR el Q.S i pon nozzle.

- 46. A fl owﬁéyt &ngé‘géﬁ%%t%ﬂes ﬁgfs?fasdescr F‘Eg&%%ﬁg%g@h\%ﬁéfﬁk%a d injection
point i 15 | cysknebksaloensioss establishehacserdile & domb 26, 28)30; 3GB8.fardée of sai d
single torsional orientation nozzle. 47. A flow cytoneter system as
described in claim9 wherein said fl ow cytoneter system has di nensions
est abl i shess. aCMedéd‘%eﬁﬂpedgﬂzmo&ﬁfdﬁﬁhaﬁﬂw cﬁ&net&&yﬂgméﬁdesfl‘&ed& fl ow
cytoneter system as,descri in_clajml rein_said _sanple conprises 20
sperm cel | s i n28Y Sslams c?r%%l'?%Igé’%?uﬁnéi:"’%z&A”'?"I%WréﬁtOrret er systemas .
described in claim48 wherein said anal ytical system conprises a flow
cytonmetry sorting system 50. A flow cytoneter system as described in claim

49 and fur¥ner ABnpRpidrofcy thgughise plhisatd spre seeinagtpdredyidh @m 35 3 JUNE
2004 WO 01/ 407 GRwReAbIRXYsA#3R Qescribed in any of claims 1, 20, 23, 24, 26, 29, 30, 32,

10 39,41, 44, 45, 51, or 52.

55. A flow cytometer system as described in claim 18, 23, 26, 29, 30, 32, 37, 39, 42,

46 and further comprising:
a. a first axial motion surface in said nozzle;
b. a second axial motion surface in said nozzle; and
15 c. a limited maximal acceleration differentiation transition area between said

first axial motion surface in said nozzie and said second axial motion

surface in said nozzle wherein said limited maximal acceleration

differentiation transition area is coordinated with said sample so as to be

affirmatively limited to not exceed the practical capabilities of said sample
20 over its length.

56. A flow cytometer system as described in claim 55 wherein said limited maximal

acceleration differentiation transition area comprises a unitary surface.

57. A flow cytometer system as described in claim 55 wherein said limited maximal

acceleration differentiation transition area comprises a unitary exit orifice.
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51. A flow cytoneter system as described in claim49 wherein said sanple

conprises spermcells in a spermconpatible buffer and wherein | erm
cells are selected -froma group consisting of equine spern1be"ﬁ§th®ﬁ

bovine spermcells. 52. "A flow cytoneter system as de J in claimb51
‘wherein séwaoyﬁ%ﬂ?cytoneter 5 system has di nensi ons e?%ghﬁﬁ@ﬁ%@ accordi ng
to clainms_26, 29, 30, 36, 38, or, 46, 53. A sexed.sperm speci men produced .
with a f|-6€v'-b;f§ (o SRS dareBhod B i §) e SN el SReT0, 23, 24,
26, 29, 30, . 32whidPsensel beidw saitt Dozzelopeics Bt rind selditddBbHR] gridppduced t hrough use -
of a sexed sperm speci nen ?roduced with a flowcytoneter system as
~described in 2PPEFng pHp3sE0P sospper segondy at leastsl 009 spris ger seeppd, and @t 39, 41, 44,
.45, 51, or. 52.1.201500 shhO cbbIet €r system as described in claim18, 23, .
26, 29, 30, 32, 37, 39, 42, 46 and further conprising: a. a first axial
notion surface in said nozzle; b. a second axial motion surface in said-"
+ nozzle; s aggl 19 Gow dylonllih S |alRlind S8 Bl & dud bl S8R 811 0N Lransition
- area be?meén saird” TSt 2xIal hotion surtace In ssid hoz2fe and said
second axi al npedsameatisusystamevhich cpeviatts @zl abostti@psi n said |imted nmaxi mal -
acceleration differentiation transition area is coordinated wth said
sanple so as to be affirmatively limted to not exceed the practical
capabi | i t s@s OA flowicgtosREPERem? des¢aibediit SlainesBnk furlhr cofvpfibioya ekamet er
system as described in claimb55 wherein said |imted maxi mal accel eration
di fferentiati FRIFFSASTHS BN area conprises a unitary surface. 57. A flow
cytoneter system as described in claimb55 wherein said |imted maxi nal
acceleration differentiation transition area conprises a unitary exit
orifice. 86 3 40RE cyODRteYYYsEMSdyeBbdaTFlaigply) g S5themgmpRsing HWCEYt onet er
systen&gs desQ%h%%BnH%éﬂaj”‘55 wherein said anal ytical system which
senses bel ow sal nozzfe operates at a rate selected froma group.
conprising at |east 500 sorts per second, at |east 1000 sorts per second,
and at

62. A flow cytometer system as described in claim 55 wherein a said sample
comprises sperm cells selected from a group comprising bovine sperm cells and

equine sperm cells.

63. A flow cytometer system as described in claim 57 wherein a said sample
15 comprises sperm cells selected from a group comprising bovine sperm cells and

equine sperm cells.

64. A flow cytometer system as described in claim 58 wherein a said sample
comprises sperm cells selected from a group comprising bovine sperm cells and

equine sperm cells.

20 65. A flow cytometer system as described in claim 59 wherein a said sample
comprises sperm cells selected from a group comprising bovine sperm cells and

equine sperm cells.

66. A sexed sperm specimen produced with a flow cytometer system as described in
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| east 1500 sorts per second. 5 59. "A flow cytoneter systemas described in
claim55 and further conprising a pressurization system whi CEHRWE%% at
| east about 50 psi. 60. A flow cytoneter system as descri bed i
and further i.5sing a sperm collection system 61. onet er
system as d‘gg?%&eﬁ in claim59 and further conprising g‘dsnggarmr% 0
col |l ection -Sy.Stc‘H}?u 2. Aflow cytoneter system as described in claimb55
wherein a said sanple “conprises spermcells selected froma group
.conprising bovine.spermcells and = equi ne spermcells. .63. A flow cytoneter
system as gfs_cr' bed.in claim57 \F/iherei.ﬂ said sanpl e 15 conprises sperm
cel I's sel ebted #rBHT PGP RTFTCBRIPAPEH N 5 SOW stodpter systew ap desgriled imqui ne sperm
cells. 64. A flmimeytoneter systemas described in claimb58 wherein a said. |
sanple conprises spermcells selected froma group conprising bovine sperm
cells and equine spermcells. 20 65, A flow cytoneter system as described
- in cl ai m 58 whex RlRnfl S8dled@ifabiPuse GONRKLS oS PELALERbAR f%h&gt ed froma

group conprising bovine spermcells and equine sperm celms. '86. A sexed
sper m speci men wystem a5 descgvedap eloimebr system as described in 37 3
JUNE 2004 WO 01/40765 PCT/ US00/ 42350 cl aim 60. 67. A sexed sperm speci nen
produced with a flow cytoneter system as described in claim64. 68. A
- manmal - pr o@iceds mamuabprodised thiough we xEdscspbypameipedinaeprofucediwitiead with a 5

flow cytoneter ﬂ}szct M as dfescri bed. i.n cl ai%)bGO. 69. A mammal produced
. through use of TR HEEm & S e 5k ed with a flow cytoneter
system as described in claim64. 70. A method of flow cytonetry sanple
processi ng70. €0 rfnleaénp gf f{or\lfecﬁc;[nﬁe 3 sa?;ﬁle processing, comprising the steps of:

a. establishing a sheath fluid;
10 b. injecting a sample into said sheath fluid at an injection point;
c. establishing a single torsional surface in a nozzle having a central axis

around which a torque is applied;

d. generating single torsional hydrodynamic forces from said single torsional
surface; | |
15 e. orienting said sample with said single torsional hydrodynamic forces;
f. exiting said sample from said nozzle;

g. analyzing said sample.

71. A method of flow cytometry sample processing as described in claim 70 wherein
said step of establishing a single torsional surface comprises the step of utilizing a

20 single torsional interior surface in said nozzle.

72. A method of flow cytometry sample processing as described in claim 71 wherein
said step of establishing a single torsional surface in a nozzle comprises the step of
establishing a tapered, elliptical-like, single torsional interior surface in said

nozzle.
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a. establishing a sheath fluid; 10 b. injecting a sanple into said sheath
fluid at an injection point; c. establishing a single torsiong JQNEfm I n
a nozzle having a central axis around which a torque is applied,

gener at i Nngwig fi@brst or si onal--hydrodynam c forces from sapérgéshgdssy t or si onal
surface; 15 e. orienting said sanple with said single torsional

~hydrodynamisc for ; o anal yzi ng
sai d sarrpIn?e3 7%15%5?7%?%%éy?éﬁ?mg%[g’i/léggng%sgnyéés;aﬁg}pcﬁgédg]flgcess ng%fg descri bed

incelaim 70 V\hemémméaihan@l-bbe sifigle Horsidylal Ishnmgpua‘acslhmgdneelltpnmyﬁmaﬂn surface

- th 20 { t f
Cart nossl e 790k slng ek P R e e s e deser i bed

it clalrm 71 whellipticity afahid elipagal-iks; sisglabrdionai n@griee saifg) € t orsi-onal -surface

in a nozzle conprises the step of establishing a tapered, elliptical-Iike,
single torsional interior surface in said nozzle. 38 3 JUNE 2004 WO

©+:01/ 40765 PQT/ U&Qﬁérﬂ&ﬁamo%&yfoeneﬁ?ts &f)cefsin?/\és%gcﬁﬂﬁtlﬁ}ﬂa&@m progessing as
described in claim?72 wherein tapered el liptical-like, S|ngle

“torsional int eWrW%@éﬂWé?%?f ellipticity which varies along its
| engt h--and furgher g8 gsshﬁgmh gtosgﬁrgtag{ SRt Y, Zglg sai d

eII|pt|C|ty of said elliptical- S|ngetor5|ona etior surface. 5
74. A met hod ob- fl ownél}'lpmtorﬁ\ﬁemﬁphel mWDSU%¢WQMQOZMCrI bed in claim70

~and further conpri gl 0 ubj.e a to a first
axi al notion sgrfacelbﬁgh ng@%ﬁ&ﬁégwbsfafdts%cg)ﬁéa’?h g{r%ce méﬂg%fl axi al notion
surfacd0lin said nozwhmmsaldﬁmb@emda@omlmﬂ@{mﬁ&s&msmoﬁeﬁmﬁd axi al

notion surface in said said first and said second axi al
motion surfaces transitr (?ﬁci%ﬁr?"r?mg%mn{}a“m’

d. coordinating said maximal acceleration differentiation so as to not exceed

the practical capabilities of said sample over its length; and
e. affirmatively limiting said maximal acceleration differentiation so as to not

15 exceed the practical capabilities of said sample over its length.

75. A method of flow cytometry sample processing as described in claim 74 wherein
said step of subjecting said sample to a first axial motion surface in a nozzle
comprises the step of subjecting said sample to a first axial acceleration surface in
said nozzle and wherein said step of subjecting said sample to said second axial

20 motion surface in said nozzle comprises the step of subjecting said sample to a
second axial acceleration surface wherein said first and said second axial motion

surfaces transition with a maximal acceleration differentiation.

76. A method of flow cytometry sample processing as described in claim 75 wherein
said nozzle creates acceleration values though its internal surface and wherein said
25 acceleration values are selected from a group comprising:
- not more than about 0.16 m/sec per micron,

- not more than about 0.05 m/sec per micron away from the vicinity

of the exit orifice,
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maxi mal acceleration differentiation; d. coordinating said maxi nal
acceleration differentiation so as to not exceed the practicgl
capabilities of said sanple over its length; and e. affirmati \?’éf"f/”?lzrﬂof"l ng
said maxi mal acceleration differentiation so as to not 15 exceed the
practical capakt¥¢ties of said sanple over its length. T5TU2M#EPhod of f1ow
cytonetry sanple processing as _described in claim74 wherein said step of
“subj ecting said sanpl e tBPtECFS tha abgy; Oal0 mpacipgrisTonfeReriom the it e -
conpri.ses the step of subjwetdmgnsal d sanple to a first axial acceleration
surface in said nozzle and wherein said step of subjecting said sanple to
- "sai d second axial 20 not$mosfhnabeutOl3geikes perorizios awanfom sesvidibity st ep of
.subj ecting said sanple t o exﬁ%ﬁﬁ&p axi al acceleration surface wherein said

“first and sai'd second axial notlon surfaces transition with a maxi nal

~accel eration different i atdtowre thé abputPelithw'ske pbr thicowircit eieiity wf thanpl e

- _processing as described é)%o(ﬁl @i m75 wherein said nozzle creates &
“accel eration val ues though Ps ‘internal surface and wherein said 25
“accel eration val ues-are meherttha dbowtf29 ngto per rmicAL Gk Mginitpef the0r e t han
about 0.16 m'sec per mcron, _not nore than about 0.05 m sec per mcron away
“fromthe vicinity of th&WEAfeorifice, 39 3 JUNE 2004 5 10 15 20 25 30 WO

01/40765 PCT/ USOQ 42350 m@mofiRhifl sbbit .23 okt p& rliCrolliS®E vty BT dE ON away from
the vicinity of the exit orifice, - not nore than about 0.13 nfsec per

m cron Hhay from the vi cPHiotfice, |
- not more than about 100 X 10 m/sec per micron at a distance of
more than 300 um away from the exit orifice,
- not more than about 50 X 10 m/sec per micron at a distance of
more than 300 um away from the exit orifice,
15 - not more than about 25 X 10° m/sec per micron at a distance of
more than 300 um away from the exit orifice,
- such acceleration values with respect to axial location as do not
discontinuously change along a central axis,
- not more than about 100,000 X 10 m/sec per micron?,
| 20 - not more than about 10,000 X 10 m/sec per micron?,
- not more than about 2,000 X 10-® m/sec per micron?,
- not more than about 1,100 X 10 m/sec per micron?,
- not more than about 100,000 X 10 m/sec per micron? away from
the vicinity of the exit orifice,
25 - not more than about 50,000 X 10¢ m/sec per micron? away from
the vicinity of the exit orifice,
- not more than about 10,000 X 10 m/sec per micron® away from
the vicinity of the exit orifice,
- not more than about 5,000 X 10°% m/sec per micron® away from the
30 vicinity of the exit orifice,

- not more than about 1,000 X 10 m/sec per micron® away from the
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of the exit orifice, not nore than about 0.16 nisec per mcron in the
vicinity of the exit orifice; not nore than about 0.20 nisec E'E’E:N @roan I n
the vicinity of the exit orifice, not nore than about 0.23 rﬂ?' I;EJn

mcron in theavifgsnity of the exit orifice, not nore tRQapyafasis 100 X 10-3
m sec per mcron at a distance of nore than 300 urn away fromthe exit

orifice, - not nore thar\déﬁ%fﬂoax%oﬂiﬁé?’ nm sec per mcron at a distance of

nore than 300" um away from t’he exit orifice, - not nore than about 25 X 101

‘m sec per. micron at- a dimtaoedhafaboutdp@XtlGéan/80 ferumivramfaiwal fomthdre exit .
orifice, - such accel eravtiéiog( V@Iheu%g w'éth respect to axial location as do
not discontinuously changr(le1 £\ C8fftral axis, - not nore than about
100, 000 X 10- 6. . se€. pernotinorediin,about 200X 100 fset P MmiabPul a d8:afRQrX 10° m sec .
per mcron, - not nore tha aﬁ&gt 2,000 X 10-6 m sec per mcron', - not
‘nore than about 1,100 Xﬁ?ﬁg‘a? TR vy from the st orificen ot pre t han about

100, 000 X-10-6 M sec. pernotinéic@hsd a8HRY00 XQUF miRepetinGébidtay o BhtabdR®rEXi t
orifice, - not nore than about 50,000 X 10-6 misec per micron' away from °
the vicinity of the exi tmef fep d@0 um ay fromthe exiherificgbout 10, 000 X 10-6 nf sec

per mcron' away from the MeGFRaYe GhacdeRbirExi b 7 more than
about 5,000 X 10-6 niseé per em’ cro%e a\?/?ay rgﬁb%lﬁeg%%ircsﬁﬁﬁt%oy&g# the exit
orifice, - not nore thadc@tieruas do noObscEnti@olyvheegs afpeg antrdmbangseand away from

the 40 1 JUNE 2004 —V\D 8 Jsé&%@%f gh%ée%%%ggefga%gg values with respect to axial
location as do not change signs along a central axis away from the

vicinity of the exit orifice.

77. A method of flow cytometry sampie processing as described in claim 74 wherein
said single torsional hydrodynamic forces and said maximal acceleration
15 differentiation combine and are affirmatively chosen so as to not exceed the

practical capabilities of said sample over its length.

78. A method of flow cytometry sample processing as described in claim 77 wherein
said step of transitioning to a second axial motion surface in said nozzle comprises

the step of subjecting said sample to a unitary surface.

20 79. A method of flow cytometry sample processing as described in claim 78 wherein
said step of transitioning to a second axial motion surface in said nozzle comprises

the step of subjecting said sample to a unitary exit orifice.

80. A method of flow cytometry sample processing as described in claim 74 and
further comprising the steps of:
25 a. forming drops around said sample after it has exited said nozzle; and
b. sorting said drops at a rate selected from the group comprising at least 500

sorts per second, at least 1000 sorts per second, and at least 1500 sorts per
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vicinity of the exit orifice, not. nore than about 300 X 10 6 nif sec per
mcron away fromthe wvicinity of the exit orifice, 10 - not

about 200 X 10-6 m sec.per mcron at a distance of nore thangDSB'gNEm%/ay
fromthe exiyhoflohdsi C€, not nore than about 100 X 10-6 mMysfmpsfiiasgi Cron' at
a distance of nore than 300 umaway fromthe exit orifice, such rate of

change of accel eratisgR,yal ues with respect to axial |ocation as do not
di sconti nuously change along a central axis, and such rate of change of
accel eration values with respect to axial location as do not change signs .

‘along a ceptral ' vicinity of the exjt orifice. 77. A
‘met hod of - 'ow%%%%%%%%@g%glggﬁﬁwg?%@?@Fq‘ﬁé A* &%i'm 74 wher ein
sai d -si.ngl e. t orfsrtien admprisitpabtysnaof prefsarifits satd wbzala kith piaNird B ot RaGEHEr ati on 15
differentiation conbine and are affirmatively chosen so as to not exceed
the practical P&apabilities of said sanple over its length. 78. A method of
flow cytonmetry sanple processing as described in claim77 wherein said
step of transitioning to a second axial notion surface in said nozzle
conpri ses 84 he APEHoOPE Ayp5yéemstsy samrle prosessipg @ desstibedinicleim §0 wheréince. - 20 79.
A method of 11 QuiaGip rjetineSARLE ifd AEPIRINGuA%: ABRELIRSL N ol aim 78
wherein said step of transitionhing to a second axia ion surface in
sai d nozzl e coprPSss thestep ofmisptingfspermivedsiniorsgid skath fiddipl e to a unitary exit
orifice.. 80. A nmethod of flow cytonmetry sanple processing as described in
claim74 and further conprising the steps of. a. form ng drops around said
sanpl e af t&r i A hetbodofi flosckysmictty somi¢ grpceasing RTbscabddlih Bigins 81 Whaldi@PS at a
rate sel ected fr. th roup conprising.at Least 500 sorts per second, at
| east 1000 sorf‘%@?ﬁ' °§§%th“§,”§ﬁggé¥° T"‘é‘g%‘Faﬂiéb‘ga‘s"’é’H‘EJ%‘mﬁ%PWl 3 JUNE 2004

10 comprises the step of injecting sperm cells into said sheath fluid.

84. A method of flow cytometry sample processing as described in claim 74, 78,79,
80, or 81 wherein said step of injecting a sample into said sheath fluid at an
injection point comprises the step of injecting sperm cells selected from the group

comprising bovine sperm cells and equine sperm cells into said sheath fluid.

15 85. A method of creating a sexed sperm specimen comprising the step of producing a
sexed sperm specimen as described in claim 82 or 83 and wherein said step of
injecting a sample into said sheath fluid at an injection point comprises the step of

injecting sperm cells into said sheath fluid.

86. A method of creating a sexed sperm specimen comprising the step of producing a
20 sexed sperm specimen as described in claim 85 wherein said step of injecting
sperm cells into said sheath fluid comprises the step of injecting sperm cells
selected from the group comprising bovine sperm cells and equine sperm cells

into said sheath fluid.

87. A method of creating a mammal comprising the step of producing a sexed sperm
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T fluid, 84. A nEfRoS

WO 01/ 40765 PCTI USOQO 42350 second. 81. A nethod of flow cytonetry sanple
processing as described in claim74 and further. conprising %gg‘"age f
pressurizing said nozzle at a pressure of at least 50 psi. 5 " hod

of flow cylk@uehdys sanpl e processi ng as described in cl apdpR@opberein said
step of injecting a sanple into said sheath fluid at an injection point

. conprises the gLeReRhs d0i86H i FaisiR8 %€ Sld vhel .Sl heath fluid. 83. A
met hod of flowﬁ%y.ometry sanpl e proc‘::’ess|@ﬁlnd""$h(f#seﬂlt glé%?ek’%g ]el%ﬁn%zf ai m 81 wherein
- said step of isjwhtintegaid skeathpfivad atreh anjecdibulpaiteampride this diepbf iajecting] ect i on
poi nt 10 conprjses _the step.of.injecting spermcells into said sheath
Elgfnt?-f%%hg?/t{’&%@try sanpl e processing as described in

- claim74, 78, 79, 80, or 81 wherein said step of injecting a sanple into
said sheath fluyid at an injection point conprises the step of injecting

" sperm cel %g se‘#é‘befbé’ﬂ 0? F’S?ﬂ”ﬁﬁénﬁ?%agﬁgm%fﬁﬁ%ﬁt%@f%ﬁ% L3584 FPEEL | s and

equi ne sper m cgbdifnch i Rsdidedinddeaish Fhdndinlsaidlsep®? injlifiBiRed Ak s eating a

sexed sperm specimen conprising the step of producing a sexed sperm

speci men as destidshentiyflyig cemprises o stsp obinieeling spamacelisrselsetdifrendls of i nj ecting

a sanple into @i Sahhbdiitd L@t ceRB addl ' ' rl .{the step of

i njecting sperg'r:% cﬁgclolﬁs% I n?o sai% sh%at h Hqﬁ?%@%&%iﬂﬁn%ﬁﬁe%tﬁﬁ@%aﬂ ng a

- sexed sperm specinmen conprising the step of producing a 20 sexed sperm

speci nmen de i i |aj erein.said step.of .inj.ecting sperm
cells int ?sai%%ﬂ@ggﬁh%gw%h%gﬁ Sae o The st (geﬁcrbtbte&)frh‘]laé?tryi?’ “Ehermcel I s
sel ect ed fr om satiestegrof spoatilyardyiignaid bliplicie of pat ettigiehil ke peithle@tsionst sper m
cells .into said.sheath fluid. 87. A.pethod of creating. a manmal conpri sing
the st&h of priBTIek HERSE GRREHS L sienohersasyig e Ity Bielipres

PCT/ US00/ 42350ikepasile®ioas] iHRf6r sufad doRnstleah Ford 20i@ injéb8ompslntiher ei n sai d
step of injecting a sanple into said. sheath fluid at an injection point
conprises the step of injecting

90. A method of flow cytometry sample processing as described in claim 73 wherein

said step of smoothly varying said ellipticity of said elliptical-like, single torsional
interior surface comprises the steps ofi
15 a. increasing the ellipticity of said elliptical-like, single torsional interior
surface downstream in said nozzie;
b. reaching an ellipse-like demarcation location; and
C. decreasing the ellipticity of said elliptical-like, single torsional interior

surface downstream from said ellipse-like demarcation location.

20 91. A method of flow cytometry sample processing as described in claim 89 and

further comprising the steps of:
a. laminarly flowing said sheath fluid within said nozzle;
b. subjecting said sheath fluid to a conical zone;
¢ subjecting said sheath fluid to a cylindrical zone;

25 d. creating an exit stream having a circular ¢ross section;
e. forming drops from said exit stream; and
f sorting said drops.
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spermcells into said sheath fluid. 88. A nethod of creating a nmamal

conprising the step of producing a sexed sperm specinen as dgs_ﬁ_?],gge%ol n
claim 87 wherein said step of injecting spermcells into said's t #I uid

. conpri ses tﬁg,ﬁ,}uﬁgg of injecting spermcells selected frQueRfafhoup ‘
conprising bovine spermcells and equine spermcells into sal 3 Sheat h

(flurd 89 o TehhahlrBLOW BHLATELEK. SATLE PIRGSIFLIG.ASpderori bod i 1

claim73 wherein sald step” o y varying sal ty of said
el i ptical -1 i kefurtbérreginprising the epmlof10 i nteri or surface conprises the step of
decreasing the elliptici of. said.elliptical- l|like single torsional _
interior surfacs doaﬁg?ﬁraﬁvyP%ﬁ¥ Sfﬁhhﬁﬁg% SridpeRElt . 90. A method of flow
~cytonetry sanplie pr Gokesing gaid sheatt Slaid tb e Gonidal £nai M 73 wherein said step of
snoothly_varying said .ellipticity of said elliptical-like, single torsional
~interior®surfac 'Coﬁﬁ1?%@%S?ﬂgmgggﬁgiﬁfFﬂ%gn%ﬂ*¥%mreasing-the ellipticity
. of said elliptigal - lcdstng £ d1fllsReatrHabing Bkrcul A bBE BtionSUT f aCe downst ream in
said nozzle; b. reaching an ellipse-lrke demarcation |ocation; and c.
decreasi ng t he %l 1 i jermiyg dropsiiragysaid exjtisirggmi; end - | i ke, single torsional
interior surface dQumalER@Mohy Om said ellipse-like demarcation |ocation.
20 91. A method of flow cytonetry sanpl e processing as described in claim
89 and further conprising the steps of: a. lamnarly flow ng said sheath

fluid withpp saj , ... Subjecting said she %ﬂ.f uid to a conica
zone; c. sg 5j ec glr?glgé é#@o“sr F?g%rflﬁryfglaﬂﬁla Pf°g°sam%§ﬁ ‘feﬁﬁ QICl%gE?‘%?Smd. creating
an exi t 18t r eam shig\step@f subjscting dakisheattofsid ®enohiodl zone@ind §4d fkger dr ops from sai d
exit stream and f..sorting,said drops.. 43 3 JUNE 2004 WO 01/ 40765
PCT/ US00/ 42350 “§HSCUng sﬁéf‘??gﬁ f@‘rcp P |a8%}9'@§?f"’iﬁ%’tﬂrb9g§alﬂw~°@ s spdési ng. as
described in cluilifng@ usitey sirfacd. her conprising the steps of: a. lamnarly
flowing said sheath fluid within said nozzle;
94. A method of flow cytometry sample processing as described in claim 91 wherein
said step of subjecting said sheath fluid to 2 conical zone, and said step of
15 subjecting said sheath fluid to a cylindrical zone, and said step of creating an exit
stream having a circular cross section all comprise the step of utilizing a unitary

surface.

95. A method of flow cytometry sample processing as described in claim 89 wherein
said ellipticity has a ratio of a major axis to a minor axis at said injection point,

20 and further comprising the step of optimizing said ratio for said sample.

96. A method of flow cytometry sample processing as described in claim 95 wherein
said step of aptimizing said ratio for said sample comprises the step of setting said

ratio at 2.2,

97. A method of flow cytometry sample processing as described in claim 90 wherein
25 said ellipticity has a ratio of a major axis to a minor axis at said injection point,

and further comprising the step of setting said ratio at 2.2,
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b. subjecting said sheath fluid to a conical zone; c. subjecting said
sheath fluid to a cylindrical zone; d. creating an exit streagknﬁqt
circular cross section; e. formng drops fromsaid exit streant an :
sorting sambauaps. 93. A nethod of flow cytonetry sanphERowéR%si ng as
described in claim91 wherein 10 said step of subjecting said sheath fluid
to a ;gon_i cal zanectlandf faw dytemetpy @fnpiipbjcesingng deaitdd shaanp3fhitigh to a -
cylindrical zone th cqonprise the step of _utilizing.a unitary surface.
94. A et hod 0?34%°&v3<8n%?5 t°’§é?ﬁf)‘l“é*¢‘%?‘6‘é’£@%i‘?§@’°&§“&‘é‘§’c‘1’?a&é’&di n claim91l
wherein said whapinelid stpbRaioohyy waitk sideAldhchy ifistld blipdcat kY, Gi8hlezONe, and
said step of 15 subjecting said sheath fluid to a cylindrical zone, and
‘sai d step of cloEPhEeHer sEfree Mkt eommprise e Rerf decreatingithe evopsssctiaact.i on al

~conprise the s&ggdg@nwe%iﬁ%mdqnj%ogg&ﬁt surface. 95. A nethod of flow
cytonetry .sanple processing as described in claim89 wherein said -

elliptiecity has a ratio of a mpjor axis to a mnor axis at said injection

poi nt, 204gnd r i Sl . Of k110 21 id ratio for said
Canpl e, 987" Ao ARPREbALAakR ohlcElinglss BRLIIL 6 SRR P 0"
cl ai m 95 wher esaii eli@ticity Bisepnapdr angs mixior axigarslawi@reiragidoteb of sraadtidy sanpl e

conprises the step of tting.said. ragtio at 2.2 97. A nethod of flow
cytonetry saanaéyl& i?éde‘gg?tﬁay g%“@eegb"PF’@"i%e’iswg%?ﬁ%{F‘mﬁg6“%%? A 25 said
el lipticity hasnprisétthdstefof makip 64id M¥jobaddd rAindh AR prokidssivedf b&dind | nj ection
poi nt, gnd further conprising the step of setting said ratio at 2.2. 44 3
JUNE 28B4 wo o%”aldi?ws%ﬂ/ USOQ 42350 98. A nethod of flow cytonetry. sanple
processing as described in claim93 wherein said elliptical-like, single
torsional interior surface has cross section areas,. and wherein said step
of snoot hil{0-vapyicthed ohflew eytpmesn ssmplp pecessiai @s daseribed incoddim (92 ederelsi ngl e
torsional I nt egiherSiGlikhing Ud Aeln AT 4 SERIAf SRR indR#asi ng the
cross section areas downstreamfrom said 1 njection polnt.

subjecting said sheath fluid to a conical zone for an optimal length for said sample

as it travels downstrean.

15 101. A method of flow cytometry sample processing as described in claim 100 wherein
said step of subjecting said sheath fluid to a conical zone for an optimal length for
said sample as it travels downstream comprises the step of subjecting said sheath

fluid to a 0.3mm long conical zone.

102. A method of flow cytometry sample processing as described in claim 100 wherein
20 said step of subjecting said sheath fluid to a cylindrical zone comprises the step of
subjecting said sheath fluid to a cylindrical zone for an optimal length for said

sample as it travels downstream.

103. A method of flow cytometry sample processing as described in claim 102 wherein
said step of subjecting said sheath fluid to a cylindrical zone for an optimal length
25 for said sample as it travels downstream comprises the step of subjecting said

sheath fluid to a 0.15mm long cylindrical zone.
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99. A nethod of flow cytonetry sanple processing as described in claim?98
wherein said ellipticity has a major and a m nor axis and \/\hsr‘_ﬁb@Ei@bﬂ
step of smoothly varying said ellipticity of said elliptical~l > single

torsional ipEelles surface conprises the step of nmaki ng-sSakq jor and a
m nor axi s progressively becone 10 equal downstream 186. Alr“‘r%?%od of flow

CYLOMBLLY RAIP! £mBh O SR AR 26HE BTkl ) AL, WIBL B4 D 881 O St EP O

subj ecti ng sai eat o"a C ne conprise

..subj.ecting sai daidlstenbhesfablishihgtaotapered; iliptdal-lilensndlowrsiomalipietiomhrtheengt h for

.said sanple  as_it,travels downstre 0l1l.. A hod of fl ow cytonetry
Sanpl o procese IGSAE SaPPRHE N F LR RRHEF B INE ghkey S

subj ecting sai domsibeAirderiol kirfhcé.0 a coni cal zone for an optinal length for
said sanple as it travels downstream conprises the step of subjecting said
sheath  fluid to a 0.3mmlong conical zone. 102. A nethod of flow cytonmetry
~sanpl e py oGBS SiAfeBd SaRS dyRitktl Barb1dhrdt etk WA AL in Qind %4%1%&&9 .Of
subjecting said sheath fluid to a cylindrical zone conprises the step of
subj ecting sai §adFereferadugllytapesing sig pHliptnel-ee singlntersional interiepuifeel | engt h
for said sanpl.gnaScet e kA YAletingd QMRS 9&;%} 3203. A nethod of flow cytonetry
sanpl e processicngﬁ’lzsé3 dgs%éli ﬁggmgn%I azl{tm wherein said step of

subj ecting said sheath fluid to a cylindrical zone for an optinmal |ength 25

for said. | g i vels downstream conpri s t.he st of ,subjecting
said sheath 1 ruignid ot Giokelt? Si5ie GBI RS SGRe i Sl it 2004 v
01/ 40765 PCT/ USti0stéR 35dcrdRihg th difipttibindofahid Ellipticab liteD siRd1E orS@APIeripF 0Cessi ng

as descyjbed in claim72 wherein aiqd step of establishing a tapered,
1§ ot i <1 kduetf e e Beeaod pebing e SRy et Sl sl ¢
conprises the sikeRingk t@Eiasllatdrior hﬁlﬁed’éaﬂlgco&giriges@ld steploF Getthrrglal thRr atS1 NI €
torsional interjor surface. 5 105. A nethod of flow cytonetry sanple

processing as & #ibed in claim104 wherein said step of gradually
tapering said elliptical-like, single torsional interior surface

107. A method of flow cytometry sample processing as described in claim 107 wherein
said step of utilizing a unitary surface comprises the step of utilizing a unitary

15 ceramic surface.

108. A method of flow cytometry sampie processing as described in claim 93 wherein
said step of utilizing a unitary surface comprises the step of establishing a nozzle

having 2 height of about 13mm and an outer diameter of about 6 mm.

109. A method of flow cytometry sample processing as described in claim 92 wherein
20 said step of creating an exit stream having a circular cross section comprises the
step of creating an exit stream having a diameter of about 0.07 mm, and wherein
said step of smoothly varying said ellipticity of said elliptical-like, single torsional
interior surface comprises the step of establishing a mouth of about 5.25 mm in

diameter.

25 110. A method of flow cytometry sample processing as described in claim 108 wherein
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conprises the step of setting a taper at about 231. 106. A nethod of flow
cytonetry sanpl e processing as described in claim90 wherein SSﬁﬂE%Q of
increasing the ellipticity of said elliptical-Ilike, single torsional
interior 1Gysuwdoeese downstreamin said nozzle and decr eactmspoistsso
ellipticity of said elliptical- Eke, single torsional interior surface each
- .conpri ses .t he. shidpteplof &redting Af efit {HRAE hadig a EREME cress seclib confprid@ithod of flow.

cytonetry sanpl e processing as descr.ibed in claim 107 wherein said step of
Wi 1i 21 ng a oniSHeR) CERegE S Fam PeuRe § fameieias sbot Q07 pith ARGVEECEiR tary 15
ceram ¢ surf acgaid bRy of dndBRiif OstyR sdid SMpticity OPRI MiphedIHkE, sHpRAGSREAY as
described in claim?93 wherein said step of utilizing a unitary surface
conpri ses t he deteporgnrizcs camprisshiba gepotrstablisking g mputipf abayed.ghmno about - 13mm
and an oyter dhﬁm&gr of about 6 mMmm 109. A nethod of flow cytonetry sanple
processing as described in claim92 wherein 20 said step of creating an
exit stream having.a circular cross section conprises the step of creating ..
an exit stream havj.n di aneter of .about .0.07, nm and wh i said step
of smoot hl iyarg Aed sl arLme stppe grctssng sepribed B £ TRE PariRgl o
torsional i nt enidGtepsbsubjresngomidizheatieuid toe cohiegl zode compidet tlgRiepgr a nout h of
about 5.25 mmin . djaneter. .110. A nethod .of f|ow cytonetry sanpl e
processi ng as JBYEFIPB&Y Fl??a@l%gﬁ‘ P68 é%?‘ﬁ“%%‘“ﬁ@ﬁ%ﬁtwe [ 40765
PCT/ US00/ 42350 s8i@icHnisdl @6he@F alsducat 9 mgh. an exit stream having a circul ar cross
section conprises the step of creating an exit stream having a di aneter of
about 0.07 mm and wherein said step of snoothly varying said ellipticity
of sai dj@l |{1,pt i £Rkmbl bLAcw L&y @Sk PRBLssing I d2EdriBEd AR whQER! | ses the
step of establishing a nout'h of "about " 5.25 nmin 5 dianeter. 111. A nethod
of flow cyt onmetspid stepepsublegiingraidshe: Zid Wagonic geneicamptisss the @8 ofiher ei n  sai d
step of subject] sal . i | . i the step
of subjecting S{s"a%éé‘ ghg%t g@ﬁi&f({(fhtu g&ééaggcﬁﬁegg‘ﬁﬁé%%gﬁﬁg%%gg{#t?ﬁ?lfer di anet er
at a top of sanid cowerl cale of epratt @19 mbout 0. 19 mMm

113. A method of flow cytometry sample processing as described in claim 89 wherein
15 said step of injecting a sample into said sheath fluid at an injection point

comprises the step of assisting in orienting said sample at said injection point.

114. A method of flow cytometry sample processing as described in claim 113 wherein
said step of assisting in orienting said sample at said injection point comprises the

step of creating a beveled flow near said injection point.

20 115. A method of flow cytometry sample processing as described in claim 114 wherein
said step of injecting a sample into said sheath fluid at an injection point
comprises the step of establishing a beveled tip having circular mouth with a

diameter of about 0.01 mm.

116. A method of flow cytometry sample processing as described in claim 114 and

25 further comprising the step of aligning said beveled flow with said tapered,
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10 112. A nmethod of flow cytonetry sanple processing as described in claim
110 wherein said step of subjecting said sheath fluid to a ngﬁﬂér@%ﬂe
conprises the step of subjecting said sheath fluid to a coni

havi ng an ivipgledlsameter at a top of said conical zonep,plfm%;p,gggo 0.19 mm
113. A nethod of flow cytonetry sanple processing as described 1n claim89

wherein - 15 SalfipRleBotinbRiaabld fudioP RIS, Wl Ro781 d Sheath fluid at an
injection point Conprises the step of assisting Inorienting said sanple at
said injection point. 114. A method of flow cytonetry sanpl e processing as.
. descri bed 4,5 clai erein said step.of gssisting .in orienting said
sanpl e at 15121 dh jgﬂé% %(ﬁr,?vac omWB?&P?%Ig%EQW%ESP‘&?%? PR VIR bevel ed
. flow near sai d siithpeg bf aienthgisnid sardfle ¥ikh saidsingé BR®nahyl@Mmagyd RRE 'y sanple
processing as described in clajm 114 wherein said step of .injecting a
sanpl e into saCtRHEERstER Qfrpnmally foraymesad sgupleoi nt  conpri ses the step of
establishing a beveled tip having circular nouth with a dianmeter of about
0.01 nmm_116. A nethod of flow cytonetry sanple processing as described in
cl ai m 184 1dAd Aosethogqfiflow crigmstry sqmple Rrpgessinges deseribetl inpdaimgl 13 avhdrerevel ed 1 ow
with said tape : A A
el liptical-Ii kéﬁg&lgﬂﬂ%‘? %vflg?g%g%faﬁ%cg%‘g@“g%ﬁd%@%?gg{g’gﬁl%‘ggs e o 117, A
met hod of f | owtassierghisidradysammg fozcep fromesidisingle saysicheborfateatid befor! ai m 70 wher ei n
said step of orlent i i.kh said single torsiopal hydrodynam c
forces corrpriééé;ggl%%glgt%%%gtg %ﬁ@ﬁ%ﬁf/ﬂ%?%ﬁ?%&?ﬂ%a‘ﬁm ®. 5 118. A
met hod of fl| owcoyirsmgttrestcpafimidmirinpgceiddisngeceas described in claim 117
wherein said sanple travels a distance after acconplishing said step of
generating single torsional hydrodynam c forces fromsaid single torsional
sur f aca0and9.behandhodas GoRRYtomBINGHRI focisaR 20fes@ibied inhisai g whaknl € from
sai d nozzle an%&I urther. . conprisj the step of mnimzing said distance.
10 119. A met hEe 3% Fe %VE%?B’P o544 nezzly erews 8t angxiseriiesad i bed in claim
118 wherein  sahéleisisAl stf ofifinintifgy Sid ElstaRERbBpristQRhingind dRadd forRCCUT S at an
exit orifice and  wherein said step_of mnimzing sald distance conprises
setting the di sdmeatiqnngint to said exit orifice at about 6 mm.

120. A method of flow cytometry sample processing as described in claim 80 wherein
15 said sample is oriented as described in any of claims 97, 101, 103, 109, 111, or
119.

121. A method of flow cytometry sample processing as described in claim 70 wherein
said step of injecting 2 sample into said sheath fluid at an injection point
‘comprises the step of injecting sperm cells in a sperm compatible buffer into said
20 sheath fluid. |

122. A method of flow cytometry sample processing as described in claim 121 and
further comprising the steps of:
a. forming drops around said sperm cells after they have exited said nozzle;

and
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said injection point to said exit orifice at about 6 mm 120. A nethod of
flow cytonetry sanpl e processing as described in claim So V\he%ej%EJ@fﬁai d
sanple is oriented as described in any of clainms 97, 101, 103, 109, 1, or
119. 121. of flow cytonetry sanpl e processing Lbed in
claim70 \M@éﬁ?“ﬁﬂgsai d step of injecting a sanple into gg?’g&éﬁég h fluid at
...an. injection pgint ﬁ@;@ 1S the step of injecting spermcells in a sperm
conpati bl e buffer i it 0 I’ré#ldd ifo sheath fluid. 122. A nethod of flow

“cytonetry sanpl e processing as described in claim121 and - further
conprisin he ,steps,of ;. a. form ng .drops .around said spermcells after
they have &xi t SYREaPYo zﬁyamegﬁamg@eem SRS BEgsrihed ip el B2 sorting
~said drops.. PCHr#eP@Imbishg tikiep oficdTREHREai@ bpeth S¥Ms GVECREIripYis ?%ﬁae :
processing as described in claim 121 and further conprising the step of
col l'ecting sai dBPEIRESHALREt er acconpl i shing said step of sorting said
drops. 5 124. A nethod of flow cytonetry sanple processing as described in
claim 122 wherein said step of injecting spermcells in a spermconpatible
‘buf fer iSntl@4s aidomethedeiiflowfayipmety srmnl¢ proeestitgasdesepbadfin iajne t22 wigrdper m cel | s
in.a spermco ' : .1 ot Sqi h h.flurd.sel ected . froma group
consi sting of ”g%%%tgfgsfs.ﬂgét{n ¢ % scglzlasnlggsg%%icﬁrgéag B%’rb%ﬁ%eq’tf)g?lg ilEFaTZS. A net hod
of flow cyt oneflnid comprdes theistep efmjentingasperttazils inhepernrtombatibie thdfr wher ei n - sai d
sanple is oriented. crib in any of.clai 97, 101, 103, 109, 111, or
119. 126. A nefﬂ‘§§1°a‘?‘ﬂg*%%§3{ef‘ﬁ‘§g%m§&°é%°%’BEP%%%§WWWWW% ng the step
of produci ng abodExspemsdlls.m speci nen as described in any of clainms 70, 91,
94, 95, 97, 101, 103, 15 105, 112, 114, 117, 118, 124, or 125.

10 125. A method of flow cytometry sample processing as described in claim 124 wherein
said sample is oriented as described in any of claims 97, 101, 103, 109, 111, or
119.

126. A method of creating a sexed sperm specimen comprising the step of producing a
sexed sperm specimen as described in any of claims 70, 91, 94, 95, 97, 101, 103,
15 105,112, 114,117, 118, 124, or 125.

127. A method of creating a marnmal comprising the step of producing a sexed sperm
specimen as described in any of claims 70, 91, 94, 95, 97, 101, 103, 105, 112, 114,
117,118, 124, or 125,

128. A method of flow cytometry sample processing as described in claim 89, 94, 97,
20 101, 103, 105, 110, 112, 115, or 119 and further comprising the steps of:
subjecting said sample to a first axial motion surface in a nozzle;
b. transitioning to a second axial motion surface in said nozzle;
c. subjecting said sample to said second axial motion surface in said nozzle
wherein said first and said second axial motion surfaces transition with a

25 maximal acceleration differentiation;
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127. A nethod of creating a mammal conprising the step of producing a sexed
sperm specinen as described in any. of clains 70, 91, 94, 95, ‘F é%04103
105, 112, 114, 117, 118, 124, or 125. 128. A nethod of flow Cytonetry

sanpl e proGgssiasksas described in claim89, 94, 97, 20pdPdspsBd 105 110,
112, 115, or 119 and further conprising the steps of: 25 a. subjecting said
--Sa”p| e to a firgst. a&&&n%%'sﬁ@m%ﬁﬂa%@elér?boﬂd%h ion sB s hmdSkIONi Ng to a
second axial notion surface in sald nozz . subjecting Sard sanple to
sai d second axial - niheipostieal efpakikitidsiof sid sAmplopyérdts lanktr ®idn sai d first and

- sai d second axi.al Lo xi mal accel eration
differentiation: 4%%%%@%%%@#%%@%@6%%”@5&% "hating
sai d maxi mal accel eemcdlhewaétfoelrcmmbﬂmhsmmEQameéarMEnge}xceed t he o
practical capabilities of said sanple over its length; and affirmativel y
limting said maxi mal acceleration differentiation so as to not exceed the
practica mepati mbthbd®sf fhw @@dncbu@amlep@aeefmg dseschiBdih BlainP1 282 pheredy Met hod of
flow cytometry sanpl e proce55| n escribed in claim 128 wherein said

si ngl e’ t or si-onald A8l I3 ‘g’F‘@%‘ﬁ m%wwﬂmce@@m eration
differentiati O&tfé?éﬂﬁhﬁb%c:%HSme%cﬁa:@&ﬁifnﬁd@&lWﬂséhs%ba? %{&té&e{]ﬁhéo not exceed
the practical capabilities of said sanple over its lTengt 130. A net hod
~of flow cyt orremaytl@b?ﬂw@hﬁms@éEﬂs,dsifanﬂgle@sferdféé@gthbed in claim129 wherein 10
said step of transitioning to a second axial notion surface in said nozzle
conprises the step of subjecting said sanple to a unitary surface. 131. A
met hod of IBDowAcyetbthfrfgpws:aTnpteHypmmﬂegmen@m debesioadiibaldini 129cARtein 130
vvherel sai d st of tran Si.ti on| n cond. axi al, J.oN surface in

sai d nozzl e corﬁ")&?ts%ofmtﬂﬁ1 ouipega f’“% %ﬁ%&l}o?%sugé?edn?é%‘?zé SCEEPSRi tary exit
orifice. 15 13the shpwehibiedting safd sample yd Ouretaty\mFaepl e processi ng as descri bed
in claim128 and 20 further conprising the steps of:

131. A method of flow cytometry sample processing as descﬁbed in claim 130 wherein
said step of transitioning to a second axial motion surface in said nozzle comprises

the step of subjecting said sample to a unitary exit orifice.

15 132. A method of flow cytometry sample processing as described in claim 128 and
further comprising the steps of:
a. forming drops around satd sample after it has exited said nozzle; and
b. sorting said drops at a rate selected from the group comprising at least 500
sorts per second, at least 1000 sorts per second, and at least 1500 sorts per

20 second.

133. A method of flow cytometry sampie processing as described in claim 128 and

further comprising the step of pressurizing said nozzle at a pressure of at least 50

psi.

134, A method of flow cytometry sample processing as described in claim 132 wherein

25 said step of injecting a sample into said sheath fluid at an injection point
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a. formng drops around said sanple after it has exited said nozzle; and b.
sorting said drops at a rate selected fromthe group conpri si 3953 I@?%t
500 sorts per second, at |east 1000 sorts per second, and at Ieas'tE 0

sorts per woedss 133. A nethod of flow cytonetry sanpleerikfaeisi Ng as
described in claim 128 and further conprising the step of pressurizing

- said.nozzle at BmpfiQs MlsRp Of infbideSPein Rfs itkaid sheth mf "Bt hod of f1ow
cytonmetry sanple processing as described in claim 132 wherein 25 said step
‘of injecting a sanple into said sheath fluid at an injection point 50 3

JUNE 2004 1@ 0 S e { at an oint 50 3
sheath fluid. ]FZ#C%% %2%8%%%52}%1%%%%%% F"g‘\ﬁ,’f‘{;@tcgaﬁg@ﬁy% %ﬁ%y;n 0 sal

“.-processi ng as -deidetep lobujectimgsd sinpic 188 saidh shreath Mluidsardingtttm pofnt i nj ecting a

'.sarrpleinto sai h h fluikd.at an injection peint, . conprises the step of
i nj ecting sper rﬁg cE egﬁeﬁ{e%c’glﬁegmﬁsgﬁﬁée fﬁ%ods.m%gefg’(iﬂm‘% met hod of flow

. cytonetry sanple processing as described in claim128 wherein said step of
~injecti . sanpl e into said sheath fluid at an injection point conprises
the st ep o6 njr%ﬁhﬂgofgf&mﬁw“wmg@? BREEHNS FtTorhed b 1&)%%??@ ng
bovine sperm cehili$tep BEinRAHI N aSPR D 684 Siath ALA 268 ifjesttaPbiae f 1 Ui d. 137. A
met hod of flow cytonmetry sanpl e processing as described’in claim 131
-~ wherein 10 sai8mppepihsiep pf BiEetinggpermsogtpiciected fromdhe soupiremptisiag ui d at an

i njection poi ”-tboviﬁé’ﬁﬂéfrhéﬁl'éaﬁch@quﬁfe%ﬁbrﬁ%eﬁé]h%%&ih%aﬁ%{dm cells selected from
“the group conprising bovine spermcells and equine - spermcells into said
sheath fl ui3d. ¥Ye®cthed efflowottonfetry lsunple procsseing 35 desenibdan plaine E3lswingeias
descri in clai . }ngr i i 1.n] ect. a sanple into said
sheath fluid atsggﬁ?e‘}ﬁjgmc I 5% Spo?%?dtggﬁ%%grr%?ﬁglgé{ %"H%Ieés% 38018? injecting sperm
cel | s sel ect ed compuiset the stgp oflipjectongpérsi celis seleoied frem shpetdupeembssignd equi ne
spermcells into said sheath fluid. 139. A nethod of flow cytonetry sanple
processing as d&8BfTAFEY° %ﬁm&q %uﬁeiwmgr‘%tfﬁa’égﬁm%ﬁdep of injecting a
sanpl e i nt138saiAimehedsTloM ditothe saiplé floestih®id dBtBdd in claim 132 wherein

said step of injecting a sample into said sheath fluid at an injection point

15 comprises the step of injecting sperm cells selected from the group comprising

bovine sperm cells and equine sperm cells into said sheath fluid.

139. A method of flow cytometry sample processing as described in claim 133 wherein
said step of injecting a sample into said sheath fluid at an injection point
comprises the step of injecting sperm cells selected from the group comprising

20 bovine sperm cells and equine sperm cells into said sheath fluid.

140. A method of creating a sexed sperm specimen comprising the step of producing a
sexed sperm specimen as described in claim 134 and wherein said step of injecting
a sample into said sheath fluid at an injection point comprises the step of injecting

sperm cells into said sheath fluid.

25 141. A method of creating a sexed sperm specimen comprising the step of producing a

sexed sperm specimen as described in claim 138 and wherein said step of injecting
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conprises the step of injecting spermcells selected fromthe group

conprising 20 bovine spermcells and equine spermcells into ﬁaquEr@t‘th
fluid. 140. A nmethod of creating a sexed sperm speci nen conprising t step

of produci : ed sperm speci nen as described in claj 4 and wherein
said step g?oﬁgfozgs;(i ng a sanple into said sheath fl ui d@gg}l%??mf‘% ection
~point conprises ep of. injieet.in spermcell.s into said sheath fluid.
25 '141. A net ho%’go ce?%ea%?%nghgi@g%g &g%nesgﬁﬁiif)t@c? ﬁ@ﬁc@gﬁlﬁ'ﬁ%iﬂﬁg ‘the step of
produci ng a seseketed fromnhesgran dorprisif et shdRdelising kQind shath g Wherein
said step of injectl nﬁa% 3; JUNE 2004 WD 01/40765 PCT/ USO0/ 42350 sperm
cells into sai d™OagsHe 14 conprises the step of injecting spermcells
sel ected fromthe group conprising bovine spermcell.s and:equine sperm
cells into said sheath fluid: 142. A nethod of creating a manmal
conpri si ng¥he Amefog et graviae e rrEmal cemsding fesiep otbrapeisizmseedspedoscr i bed i n
Sclaim13¢ and whehfbdastRlcinad iRiah 114Gk B SRTRL SickdllQ Sgbd Sheath
fluid at an injection point conprises the step of Injecti-ng sperm cells
into said sheatintofspidshpathifingd at an friqckenipaint comprises thestep ofinjaeting smamar i Si ng the
step of produci 5 > 8P&54n specinen as described in claim138 and
wherein said st%%%?"sslgﬁﬁge&l ng@sper mcells 10 into said sheath fluid
conprises the step of injecting spermcells selected fromthe group

conpri si ng, povi he rmcells and uine spermcells jnto said sheath
fluid. - 144!‘BA f‘{‘]ror'\?v&@@f’%gﬁ%agﬁa HE’BW&F%‘? Péi.‘f“ﬁmgéﬁﬁ‘le@sﬂeﬁf‘ecti on tube
havi ng an i nj eGpédirierpsidedcribdarin vigih Y93 20 whersia ¥Rk Gep HBMjeRBgIspdrmediced; 15 b.
a sheatg fluid ,cont_gi neéépugavi ng .a bottom end _and wherein said sanple

i nj ectibh tube g sfigghen ORPFises et REReRtine sperm ehnieleeisd fiomdhe 5 sheat h
fluid port conngesbeembistoding e Rells i ShuRRbHNERS intoSaid Indaltl thiiq, 2XI al
notion surface in a nozzle; e. a second axial notion surface I n said
nozzl e;

144. A flow cytometer system, comprising:

a. a sample injection tube having an injection point through which a sample
may be introduced;
15 b. a sheath fluid container having a bottom end and wherein said sample

injection tube is located within said sheath fluid container;

a sheath fluid port connected to said sheath fluid container;

oo

a first axial motion surface in a nozzle;

a second axial motion surface in said nozzle;

o

20

=

a limited maximal acceleration differentiation transition area between said
first axial motion surface in said nozzle and said second axial motion
surface in said nozzle wherein said limited maximal acceleration
differentiation transition area is coordinated with said sample so as to be
affirmatively limited to not exceed the practical capabilities of said sample
25 over its length; and

g an analytical system which senses below said nozzle.

145. A flow cytometer system as described in claim 144 wherein said first axial motion
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““internal surf ASeelaRPYRMERTAsd Y ¢fs

20 f. alimted maxi mal acceleration differentiation transition area
between said first axial notion surface in said nozzle and Sﬁiﬂfﬁﬁm
axial motion surface in said nozzle wherein said |imted maxi ma

acceleratign, /9&7%5 erentiation transition area is coordigahRguysdoh said
sanpl e so as %o e affirmatively limted to not exceed the practical

capabi 1 11es b @lcmBRIRh frcs 22 Wefordibf slr RO wiRAth Lig natakyti cal

syst em whi ch senses w sal d nozzle. 145. A flow cytoneter system as
~described:in chetiomsiefabe nmeprisesa ssapnd aiial accelerpticalsurfasei on 52 3 JUNE 2004 WO
01/ 40765 PCT/ US00/ 42354 surface conprises a first axial acceleration
surface and wherein said second axial notion surface conprises a second
~axi:al--acceieer ak New cHembERE Systel desbrifddamelaipt Biyethercinsyisitrepaiabasdescri bed in

cl ai m 145 wherein said nozzle has .accel eratign_val ues caused by its
IRCERAT SR B e HESSHEROB! ect ed from a

-group coNri SiRfes are 38bctdkdn b PRy élddpidkin®. 16 nisec per micron, - not nore
than about 0.05 mfsec per micron away fromthe vicinity of the exit
orifice, - not nore thaRetastthapabet Gloswsecher ™ere® on away fromthe vicinity

10 of the exit orifice, \QolodMbEatold0ARRL pePmitAn Bl GoMShe Wt PN away from

the vicinity of the exit orifice, not nore than about 0.16 nlsec per
mcron in the vicinity ofthe¢értondigét orifice, 15 - not nore than about 0.20

m sec per mcron.in i herrllthitnﬁoirQ ﬁl&lyab%[lt ({/fbgps%ﬁ:]g; mﬁHnI:fvﬁdf If.rPﬁ%B %{’lﬁyt han about

0.23 msec per micron i e vicinit exi Ice, - not nore than
about 190 X 101 nif sec pefihtexitravificgt a di stance of 20 nore than 300 urn
away fromthe exit O H Lc%%iore than about 0.13 m/sec per nticron away from the vicinity
of the exit orifice,
- not more than about 0.16 m/sec per micron in the vicinity of the
. exit orifice,
15 - not more than about 0.20 m/sec per micron in the vicinity of the
exit orifice,
- not more than about 0.23 m/sec per micron in the vicinity of the
exit orifice,
- not more than about 100 X 10° m/sec per micron at a distance of
20 more than 300 um away from the exit orifice,
- not more than about 50 X 10 m/sec per micron at a distance of
more than 300 um away from the exit orifice,
- ‘not more than about 25 X 10? m/sec per micron at a distance of
more than 300 um away from the exit orifice,
25 - such acceleration values with respect to axial location as do not
discontinuously change along a central axis,
- not more than about 100,000 X 10 m/sec per micron?,
- not more than about 10,000 X 10 m/sec per micron?,
- not more than about 2,000 X 10'® m/sec per micron?,

30 - niot more than about 1,100 X 10® m/sec per micron?,
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not nore than about 50 X 103 misec per micron at a distance of nore than

300 umaway fromthe exit orifice, - not nore than about 25 Xq 1ﬁ.#NE1ﬁ)@% per
mcron at a distance of nore than 300 umaway fromthe exit orifice -

such accel ewalbimrssval ues with respect to axial |ocation pag e

di scontinuously change along a central axis, - not nore than about 100, 000
X.10:b m sec per m QrOWnotmd?@ihaz{TBJEtﬂoB%ﬁoi%U 210! sec per
mcron, - not nore than about 2, 080 X 10-6 mé“é% %Q%an Ao gi - not nore

t han: about 1,100 X 106 nﬂ@éc‘-lrpmofthﬂexlmnﬁc% 3 JUNE 2004 V\D 01/ 40765 5.10 15 -
.20 PCTI UsQO 41350 - _not t ~Q00 X 10-.6 sec nm cron
g@ﬁémab%&%op&%o Bk pét iR, Rt 50, 000 X

away from the vicinity e exit orifice
+10-6 'm sec per mcron aw&yvfcrmmnfmbem/onﬂcalty of the exit orifice, - not

nore thap about 10,000 X C Qnz away .frgm the vici n|ty of
‘the exi f{'OI’I fice, - not ng.m? %‘"ﬁ’ Btgﬁtoogkd& Hiée'iW@JWP%é‘E’abngm cron'  away
fromthe.  vicinity of thmeeiéinityefméh;ﬁﬁmﬁce not nore than about. 1,000 X 10-6

m sec per micronn away fromthe vicinity of the exit orifice, - not nore
than about 300 X 10-6 i %&&0df evféﬁoﬁ/&wﬁeémm@onmv@yﬁpm@f the exit -

orifice, - not nore t hanv,ém@}%fﬂ;’@&lt)gnﬁ&, 6 msec per mcron' at a distance
O.f - not more than about 1,000 X 10 m/sec per micron® away from the
10 o - . vicinity of the exit orifice,
- not more than about 300 X 10" m/sec per micron® away from the
vicinity of the exit orifice,
- not more than about 200 X 10'® m/sec per micron® at a distance of
more than 300 um away from the exit orifice,
15 - not more than about 100 X 10 m/sec per micron? at a distance of
more than 300 um away from the exit orifice,
- such rate of change of acceleration values with respect to axial
location as do not discontinuously change along a central axis, and
- such rate of change of acceleration values with respect to axiai

20 location as do not change sign along a central axis away from the

vicinity of the exit orifice.

147. A flow cytometer system as described in claim 144 wherein said limited maximal

acceleration differentiation transition area comprises 2 unitary surface.

148. A flow cytometer system as described in claim 144 wherein said limited maximal

25 acceleration differentiation transition area comprises a unitary exit orifice.

149. A flow cytometer system as described in claim 144 wherein said analytical system
which senses below said nozzle operates at a rate selected from a group

comprising at least 500 sorts per second, at least 1000 sorts per second, and at
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nore than 300 umaway fromthe exit orifice, - not nore than about 100 X

10-6 msec per mcronZ at a distance of nore than 300 un1awa¥H§r@EI
exit orifice, - such rate of change of accel eration values w q to

axial location as do not discontinuously change along a central axis, and
such rate of change of acceleration values with respect to axial |ocation
as do not change sign along a central axis away fromthe - vicinity of the
exit orifice. 147. A flow cytoneter system as described in claim 144
wherein said |imted maxi mal . acceleration differentiation transition area
conprises a unitary surface. 148. A flow cytoneter system as described in

claim 144 wheﬁggpnﬁgggmlgp&égg_naxinaI. 25 accel eration differentiation
transition area conprises a unitary exit orifice. 149. A flow cytoneter

system as described in claim 144 wherein sai.d anal ytical system which

senses bel.pw said nozzl e operates at a.rate selected froma group.

conpri si (ra]!éjaat e‘gos “EOr ¥ ?5%8!%%?? ‘%ta"’f"@ai‘%‘l o ofudhsry ompgsing e ond,
and at 54 3 J|pNEsifibnlsessd whibhOpesaestas lepenbsiesopd 150. A flow cytoneter
system as described in claim 144 and further conprising a pressurization
system whi ch operates at |east about 50 psi. 151. 'A flow cytoneter system

as descrilsed ‘iAn floladyPomefd st faidefigibed: SNBES 14902 HRESG CorpALhSG! d 9@1
system 152. A %%ﬁ&4%%toneter system as described in claim 150 ang urt her

conprising a $Bh fflecti on system 153. A flow cytometer system as

described in claim144, 147, 148, 149, or 150 wherein said sanple
conpriseﬁﬁgpernhcells sel ected from a group conprising bovine spermcells
and equilhe speffy calometer ssiem as deseabpdsigetiaims blcideiirthsr sempssngvetshera f | ow
cytoneter systélRceiéhggsari bed in any of clains 144, 147, 148, 149, 150,
151, or 152. . 155. A manmal produced through use of a sexed sperm speci nen
produced with a flow cytoneter system as described in any of clains 144,

147, 148153149 A fldbcytdheker s9stent a2 described in claim 144, 147, 148, 149, or 150 wherein said
sample comprises sperm cells selected from a group comprising bovine sperm cells and

equine sperm cells.

154. A sexed sperm specimen produced with a flow cytometer system as described in any of
claims 144, 147, 148, 149, 150, 151, or 152.

155. " A mammal produced through use of a sexed sperm specimen produced with a flow

cytometer system as described in any of claims 144, 147, 148, 149, 150, 151, or 152.
156. A flow cytometer system as described in claim 144, 148, 149, 150, or 151 and further
comprising a single torsional orientation nozzle located at least in part below said

injection point,

157. A flow cytometer system as described in claim 156 and further comprising a sperm

collection system.

158. A sexed sperm specimen produced with a flow cytometer system as described in claim
157.
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156. A flow cytoneter system as described in claim144, 148, 149, 150, or

151 and further conprising a single torsional orientation no d
at least in part below said injection point. 157. A rom1cyt§§g?§Fq§§E§em
~as described in claim156 and further conprising a sperm collection
system 158. A sexed. sperm speci nmen produced with a flow cytoneter system
‘as described in claim 157. 55 3 JUNE 2004 159. A sexed sperm specinen as
described in claim 158 wherein said sanple conprises sperm cells selected
froma group conprising bovine spermcells and equi ne spermcells. 160. A
manmal produced through use of a sexed sperm speci men produced with a flow

cytonet erjsgystse I.- j km 157...161. A mgmmal. produced through
use of a9 g'x od i@ggfsr%g@f) g{;lﬁ'gﬂaéa%scglebg% I %ae' ]iS% wi'?ﬁi“rﬁ’n'?éﬁ"p! REESEF SRSy
. sanpl e conpr i selis ssheedirore h gwup edngoising bbvinsepamgédis ideQiig ipsinngeiBOVi ne  sperm
cells and equine spermcells. 162. A nethod of flow cytonetry sanple
processing, conprising the steps of: a. establishing a sheath fluid; b.

I nj ectindé@d sdnphmmahpodeed dirstghaise dfl disakediispatin JpBdiMed p@BudR® vt a Fow

subj ecting sai le to first axigl_notion surface in a -nozzle; d.
transitioningqgggggggggﬂ %??ﬁfgﬁﬁﬁ?ﬂﬁsgurface in said nozzle; e.

subj ecting said sanple to said second axial notion surface in said nozzle
wherein said,first and %%Hg second .axi al notion surfaces transition with a
maxi mal - accel ePHEPY PHUESPongh UeiobA.sexed speBy Wrtimen sigleswibed inpslaimal 60

accel eration hértiarsaiit sagiplcosonfiisedSptreh B sBREEE Folahe grol i‘&h@:&ﬁig bavine _
capabilities of salﬁagfgﬁle over *ts | ength; g. affirmatively I'imting said
maxi mal accel ¥F4EFY BF &P &¢on so as to not exceed the practical
capabilities of said sanple over its length; h. exiting said sanple from

said nozzle; ,L anglyzing said sanple. 163. A nethod of flow cytonetry
sanpl e pﬁ?c es? i“?fg‘°a§¥ﬁ%‘§ PIBER SPHPIE PLoress g romprsing the geps of:

a. establishing a sheath fluid;
b. injecting a sample into said sheath fluid at an injection point;
subjecting said sample to a first axial motion surface in a nozzle;
d. transitioning to a second axial motion surface in said nozzle;
€. subjecting said sample to said second axial motion surface in said nozzle wherein
said first and said second axial motion surfaces transition with a maximal
acceleration differentiation;
f. coordinating said maximal acceleration differentiation so as to not exceed the
practical capabilities of said sample over its length;
g affirmatively limiting said maximal acceleration differentiation so as to not
exceed the practical capabilities of said sample over its length;
h. exiting said sample from said nozzle;

i analyzing said sample.

163. A method of flow cytometry sample processing as described in claim 162 wherein said
step of subjecting said sample to a first axial motion surfaceiin a nozzle comprises the step
of subjecting said sample to a first axial acceleration surface and wherein said step of

subjecting said sample to said second axial motion
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step of subjecting said sanple to a first axial notion surface in a nozzle
conprises the step of subjecting said sanple to a first axia "ﬂm tion
surface and wherein said step of subjecting said sanple to said s€econ

axi al noti (ﬁg 135 JUNE 2004 WO 01/ 40765 PCT/ USOQ 42350 ﬁélf/{@%”ddq sai d
nozzl e, corrprl ses the step of subjecting said sanple to a secon axi al .

accel eration syrfa [ tion
surfaces transu%lgﬁw%%ﬁ a n%%l!’ e{l!hé& ‘?ig?%{?l og a%?{a%@%etﬁiéls%{ol%'ﬁ 164. A
met hod of f1 owatiyltaoeabdration saxfaok whpemcsaﬂﬁrshgpdaaiddmd abiddndtion slrficen 162
wherein 5 said nozzle create &ﬁnerg.\ti;é Hg{al ues though its internal
surface and \/\hﬁ‘“@f@“?ﬁ'fh&mm I"*gcfJs SR SISO o sel ected froma group
- conprising: not nore than about 0.16 msec per mcron, not nore than about
0.05 nisec per mcron away fromthe vicinity of the exit orifice, 10 - not
nore than 1&fhout methes qﬁﬂgaf&maeww%ﬁwamnwéﬁ%cﬂwm'e%}ft%w SN t he exi t
orifices - not sﬂ@ﬁ@zzfe*&?éﬁte@?&%raﬁml\?am&% ?srmtgﬂnﬁrsﬁ&acé‘ﬁﬁd’wﬁéra{{‘s&@e vicinity
. of the exit orifice, - not nore than about 0.16 misec per mcron in the
‘vicinity of theccelwtlewaeluqsuatefsd@@edfrornetgr%p@nmﬁ@a about 0.20 misec per
mcron in the vicinity %t&&%thaﬁ’éba%ut@%id/&@ ermid@y Nore than about 0.23
m sec per micron in the vicinity of the Pt orifice, 20 - not nore than
about 100 X 10'3 msec [netmmecthanrabtmtO@Sdﬂstmmécrotiawaﬂfrmthhawmo um away
fromthe exit orifice, ng%}eréorg han about 50 X 10-3 misec per micron at a
di stance of nore than 3 4 1éway fromthe exit orifice, not nore than
about 2% X 10-3 rn/sec mpetméietianabait 040 /st paraeceron awaJromihe vichety 300 um
away fromthe exit orifiog

%e exit orifice,
- not more than about 0.13 m/sec per micron away from the vicinity .
of the exit orifice,
- not more than about 0.16 m/sec per micron in the vicinity of the
15 ' | exit orifice,
- not more than about 0.20 m/sec per micron in the vicinity of the
exit orifice,
- not more than about 0.23 m/sec per micron in the vicinity of the
exit orifice,
20 - not more than about 100 X 10 m/sec per micron at a distance of
more than 300 um away from the exit orifice,
- not more than about 50 X 107 m/sec per micron at a distance of
more than 300 wm away from the exit orifice,
- not more than about 25 X 10 m/sec per micron at a distance of
25 more than 300 um away from the exit orifice,
- such acceleration values with respect to axial location as do not
discontinuously change along a central axis,
- not more than about 100,000 X 10 m/sec per micron?,
- not more than about 10,000 X 10 m/sec per micron?,

30 - not more than about 2,000 X 10" m/sec per micron?,
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300 X 10% m'sec per nicrbfvisiiyof

- such acceleration values with respect to axial |ocation as do not
di scontinuously change along a central axis, not nore than abgujyNROdd0 X
10' 6 m sec per mcron, not nore than about 10,000 X 10'6 m sec per

m cron', < nore than about 2,000 X 10-6 misec p ' ~, 57 3
JUNE 2004 \?/‘\%0811‘53?1'&5765 5 10 15 20 PCT] S00/ 42350 not mor 6 FERGsboleaso 1,100 X

..106 m sec per m.cron2, n 00,000 X 10,6 nfsec per mcron2
away from the vicinity o%#gﬁéﬁg(%ﬁa&?pﬁﬁle&uﬁ%efpﬁlbl?lémflhan about 50, 000 X

=106 ‘m sec per m croR2 awatnforothun dboet 100,0001K 1§° @fsed fee miorori? away frdie, not nore
t han about. 10,000 X 10'6 m sec ft%r m cron away from the vicinity of the
exit orifice, not nore tHSFCDHEGE 8 eH 10-6 msec per micron away from

~the wvicinity of the exijot@iord thifabolt®0,000K8 0% hikidc R Mibrod? aRAP irdm10- 6 M sec
per mcron away fromthe VICI_I’II'[% of the exit orifice, not nore than about
Bt aice,vi cinity of the exit orifice, not

nore. than about 200_.X 10§ MoaEfial®butThOHOR Igam%egl{)étﬂg&gga%%ygg@re t han 300

um away fromthe exit orifice, not nore than about 100 X m sec per
mcron2 at a di stance of the igingy phthpexdouifios.n away fromthe exit orifice,

such rate of change_of aggelarat 80w 6ol %o 0¢hlile bEIRESH: Ay BSinthe

vicinity of the exit orifice,
10 - - not more than about 1,000 X 10 m/sec per micron® away from the
vicinity of the exit orifice, |
- not more than about 300 X 10 m/sec per micron® away from the
vicinity of the exit orifice,
- not more than about 200 X 10 m/sec per micron? at a distance of
15 more than 300 um away from the exit orifice,
- not more than about 100 X 10 m/sec per micron® at a distance of
more than 300 um away from the exit orifice,
- such rate of change of acceleration values with respect to axial
location as do not discontinuously change along a central axis, and
20 - such rate of change of acceleration values with respect to axial
location as do not change sign along a central axis away from the

vicinity of the exit orifice,

165. A method of flow cytometry satnple processing as described in claim 162 wherein
said step of transitioning to a second axial motion surface in said nozzie comprises

25 the step of subjecting said sample to a unitary surface.
166. A method of flow cytometry sample processing as described in claim 162 wherein

said step of transitioning to a second axial motion surface in said nozzle comprises

the step of subjecting said sample to a unitary exit orifice.
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| ocation as do not discontinuously change along a central axis, and such
rate of change of acceleration values wth respect to axial 0 ; 0as do
not change sign along a central axis away fromthe vicinity of The exit

orifice. l@pomyefget hod of flow cytometry sanpl e processippguadus@scri bed in
claim 162 wherein said step of transitioning to a second axial notion

surface inegai d HQRI &F U BWHonRaS sanple ﬁﬁrh&séiﬁg%% dcriSdlth Sadnh T2 @1 d sanple to
a unitary surface. 166. A nmethod of flow cytonetry sanple processing as
"described in clathes cospigngheistersefai d step of transitioning to a second

axi al  notion syrfacg.l | 8&%%@ ' g 3 .Sybj ecting said
sanple to a un?laryﬁg¥@%ﬁ§????ce. §&%H§ER%%§%6%3€Q$%§&%%%€§HPCTfUSOO/42350
-167.-+A et hod - bf f | sowingseid dedps gt asraieptlectqiripoeths grogp esnmisigat bad 5¢h ¢l ai m 162
and further conprising the st & formn r ops nd said sanple
ter 17 has oxi ted tape AsdiERas Riposdeans HiRP ulf SR A50H B 8 5 o

sel ected fromthe gieeand. conpri sing..at | east 500 sorts per second, at |east
1000 sorts per second, and at |east 1500 sorts per second. 168. A nethod
of flow cytonetry sanple processing as described in claim 162 and further
conpri si ng gt he ASh@RIUE ABKRGGkHetrd bdhthlSirbksdiipZes ifscAbeddn PLASFYP @4 0f at | east
50 psi. 10 169. A nethod of flow cytonetry sanple processing as descri bed
in claim167 whethesqempssingths step obmressiyjzingspid gozrlesh apressuranfat iseft 80 sheat h
fluid at an injpgcti.on point conprises the step of injecting spermcells
into said sheath fluid. 170. A nethod of flow cytonmetry sanpl e processing
as described in claim 168 wherein said step of injecting a sanple into

sai d shegath, 1 yi inj j i > C J- f_injecting
Sper m A 199 gt gt el Oy Bl ol Bhoodshe 8 MEAGT Ll RtiSfhetln | 1 01T
processi ng as shibsen dfefedting e banple ib6PsaidlsbEath Miid & an Ifettionpoit68 wherei n sai d

t f injecti | e J.nto. id th f.lui t. i njecti i nt
Compr i ses 1 he. STRECE AT R CPOE BerRCLE re At elo Bl Tom the |

170. A method of flow cytometry sample processing as described in claim 168 wherein

said step of injecting a sample into said sheath fluid at an injection point

15 comprises the step of injecting sperm cells into said sheath fluid.

171. A method of flow cytometry sample processing as described in claim 162, 165,
166, 167, or 168 wherein said step of injecting a sample into said sheath fluid at
an injection point comprises the step of injecting sperm cells selected from the

group comprising bovine sperm cells and equine sperm cells into said sheath fluid.

20 172. A method of creating a sexed sperm specimen comprising the step of producing a

sexed sperm specimen as described in any of claims 162, 165, 166, 167, or 168.

173. A method of creating a mammal comprising the step of producing a sexed sperm

specimen as described in any of claims 162, 165, 166, 167, 168, 169, or 170.

174. A method of flow cytometry sample processing as described in claim 162, 166,
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group conprising bovine spermcells and equine spermcells into said sheath
fluird. 20 172. A nethod of creating a sexed sperm speci nen corg)rbﬁ'Fnﬂ)dAﬂe
step of producing a sexed sperm speci nen as described in any o‘g clarmnms

162, 165, 1Qf&okbrés or 168. 173. A nethod of creating a Er%fmgbmﬁgmprisi ng
the step of producing a sexed sperm specinmen as described In any of clains

162, 165, 166, 1671646816964 eréoﬁfbﬁsi?#ﬂﬁ Apd i hod of flow cytometry
sanpl e processing as described i n clali 185 166, 59 3 JUNE 2004 WD
01/ 40765 PCT/ US80/ 4 28&blishgip, a sirg8; toxsiondl @ fame th shidmbmbe; conpri si ng t he steps

of : a. establishing ] [S] | .surface in said.nozzle;.b. -
generating si ngP’e to?eél?%%% S%%P %%%%%&8 FeF ggfgrc?sr Wiaé‘?ﬂngé‘? K512k or si onal
surface; and orientisufasaami sanpl e with said single torsional hydrodynam c
forces. 175. A nmethod. of flow cytonetry sanple processing as described in
claim 174 wherefn  <HI°HM%E H° %81’”555?} Fma?gﬂ’%mﬁf@y?ﬁ‘&g%“&nd sai d

maxi mal acceleration differentiation conbine and are affirmatively chosen
so as to not_exceed the practical capabilities of said sanple over its
length. 10 1T%6. Amsthadridoyreyiomsin exapbirieqessingaasesarifsd de elaisi Hg vbsreitescr i bed
in claimi175 whegpiifple ffichatlydfdplantidioRel aﬂaq;aiﬁréaigm Sockidfaflosal d sheath
fluid at an injection point “conprises the step of Injecting spermcells
into said sheat #iffteptiation ¢qubingendardrddrmafivaly ehesinsg antogokededdpler m speci men
conprising . the ' ! m speci nen as described in
claiml 76 and %‘gfr&g?%p%ﬁalﬁ%%{%%%?péﬁ?%gf%ﬁ El'15 a sanple into said sheath
fluid at an injection point conprises the step of injecting spent cells

i nto sai ath flui.d,..178. A nmethod of creating.a, sexed erm speci nen
conpri silﬂgﬁ?‘ﬁe 5%""8“’81*“8?‘88{}8?‘%‘? ROP LSRG HE&F ﬂ‘?sglﬁ’&!i’ ?ima@ga’ég’ﬁ”i bed in
clai m 177 wher edaitt ssépi of irfjéctipg ®5anipl} i@@iskidGheatiTRAdA GL ki@ tibmpdinsai d sheat h

fluid conprises the stgﬂp of n%::ectl ng spermcells 20 selected fromthe
group conpri si n{PTRESTSHRE Lepaf icclng eomertis gt sud sheath Anidel |s i nto said
sheat h fl uid.

177. A method of creating a sexed sperm specimen comprising the step of producing a
sexed sperm specimen as described in claim 176 and wherein said step of injecting
15 a sample into said sheath fluid at an injection point comprises the step of injecting

sperm cells into said sheath fluid,

178. A method of creating a sexed sperm specimen comprising the step of producing a
sexed sperm specimen as described in claim 177 wherein said step of injecting
sperm cells into said sheath fluid comprises the step of injecting sperm cells

20 selected from the group comprising bovine sperm cells and equine sperm cells
into said sheath fluid. |

179. A method of creating a mammal comprising the step of producing a sexed sperm
specimen as described in claim 176 and wherein said step of injecting a sample
into said sheath fluid at an injection point comprises the step of injecting sperm

25 cells into said sheath fluid.
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179 _ A nethod of creating a mammal conprising the step of producing a sexed
sperm specinen as described in claim176 and wherein said stepy9lE 2004
injecting a sanple into said sheath fluid at an injection point conprises
"the step ofwb@i/aeés Ng sperm 25 cells into said sheath fplcyideodasko3 JUNE
2004 WO 01/40765 PCT/ US00/ 42350 180. A nethod of creating a mammal

conpri si ngydghe. £hRMo@br REMAYE Indfinidl GRpBiding MBI oSREAIIEA s8&ddesmr | bed in

claim 179 wherein said step of injecting spermcells into sald sheath
fluid conpri sespedimensasaigscgbed inclai 1 Hgvisgrin saidwep of injecting speun fellsiatehe  group -
e sele bovi & RO Mid EsthprReARTst GG AP el E8ls sSledt i brP@ed Sheat h
R . group comprising bovine sperm cells and equine sperm cells into said sheath fluid.
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