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Thi's inventiwogsizedees generally to the field of sex selecti opdpudsBaTRsy i an
offspring. It is especially relevant to the aspects of |ow dose artificial

i nsem nation and of increased production of eggs for creating the desired
sex of offspring. Particularly, the invention relates to achi eving sexed
artificial i nse‘i%?‘n%??’ﬁﬁ INFEMINA TGN 8B MANMALS W LV NEMBER QBFRERMFELISC hni ques,
systens for sorting spermvia flow cytonetry for sex-specific and | ow dose
efforts at artificial insemnation and increased | ation results

techni ques, or the like. 10 |1. BACK \BW%MM has been desired to
sel ect the sex of specific offspring. B psychol ogi cal aspects,
the actugl fe 4L iMpLy nmenmel i an of f sprsegrhas signi ficant economic
consequences en one considers its application to food produci ng ani mal s
such as cattle as well as celebrated trophy animals such as horses and the
li ke. This great. desire has 1 S resulted in Si gri ficant variety of .

efforts to achtid§invsationeslates ganerlydp fhetsld pr sBapicstiomin mrmpialianaflemingas
appeagr ed Ig§%§g+dé§1 2 ﬂB*ﬂh@@egtggf@%@a&sﬁ%rf&ﬂi'iﬁ&nﬂﬁéﬁ Sl o?firﬁé?éésgg]gt of

sorting a ctl ng between spermprior to 1 nsemnation.

t he chal Ippodiesiohlofieggs fopticatiig herdesingl s¥x afidffSprivige rRartiadarfya detinvéntidhgelates ge
nunbers of sperminvolved. In natural insem nation sperm are produced in
some spedp @ehipyingsexedarii¢ipl igsaminptionyvith dow: dogagesicgardings phsprting techpiguesst | |

signific Ly large.nunbers.o p. C r iticial
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sper m ( depepthagorPshdSingehe ovulbiibh résufis @ohdiqeeanér themiker of spermare
necessary even in an artificial insem nation environnent. Many nethods have

been attenpted to achieve the separation of X- and Y 25 chronosone bearing

spe Thes e ranged from nagnetic techni ques such as WU
N11 .596%:' gAﬁ@g‘;Hg@yr L1 1US Itill7~U appears disclosed in U, S.

Pat ent No. 4276139 to columar techni ques as appears disclosed in U S
Patent No. 5514S37 to gravinetric techniques as discussed in U S Patents
No. 3894529, rRarggesitbatlesen depired3R3slgct the X @apesifis offspring Borud chgBERe6S,

and 4755831, FEl ect,rica roperties : . in
0's. s poladiianils BBl 10y SLtmpERn PRI L ARAFERL
proper t i egomsimidi copsuestes Whieh Sne Castdursitd\epplidR k0 Jood Hddididg animalitn4Es8)
Mtility efforts have al so been attenpted as shown in U S. Patents No.

4009260 =zadlesg3oalbas celtheated tpphyearimalyisuch ashorseg gnd tesslikes Hidhimgieat dgsige has
Patgnts No. 4511661 and 4999283, (Lnval vi.ng monocl ongl .anti bogli nd U S
pat bt o REiEd 31 3 enEen e Stalnedo S SBRoes SRR oms et e

pr ot ei NS effottWhith Ras PesRitnd¥p 1iki§8d @ltleve the desired results has been efforts at sorting

and selecting between X and Y sperm prior to insemination.

One of the challenges that effort at sorting X and Y sperm has faced is the large

numbers of sperm involved. In natural insemination sperm are produced in some species by
20 the billions; in artificial insemination less, but still significantly large numbers of sperm are
used. For instance, artificial insemination techniqués commonly use ten million to five
hundred million sperm (depending on species). Thus a significant number of sperm are
necessary even in an artificial insemination environment.
!
Many methods have been attempted to achieve the separation of X- and Y-

25 chromosome bearing sperm. These methods have ranged from magnetic techniques such as
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10 4191749, 4448767, and 46802S8 (involving antibodies) as well as thé JUN 7002
addi ti on of sewwnmvgoysponents as shown in U S Patent No. 4085205:C Misvke7909
each of these techni ques has been presented as if to be highly efficient,

in fact at pippeaRidiseRiaed ff UtNPaRnt R6MUI7GUSS /¢ RhfinhlectRGics ad apFas®d dieflosRin
presel ection. Regardl ess of the separation techniqgue eventually used,

however) t hd&oRpnt Ng. TddB3 i gromenastic tepbniguesasriisavesed infU.SRatents dioud 394529,
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used to achieve the separation of X-and Y chronosone bearing sperm has been
t hat i n¥ol vielectiioaliand gravimeliris properiestas discussdd se plal. ftatapts N6. 4225465698142, and

t hrough t he Lques..of flow cyt try.,.This.techni qu ppear e ossibl e
as a 20 res u‘#ﬁ%ggk'amllf%%gﬁﬁﬂ‘#§%53’8F’%/@t§°r??1'%F?/?Ckf?dv “[q'ﬁ’gu'gi‘ P?@P@&t"gé"ﬁ%
absorption Y : i I I Sp i S lawgi N
s, Pat ent R L g R F 01

t echni ques H99OL83 Gdvdlyinizansrettmal afiibedes) mdl) S. PRateMNo. 86021 H443538090The

Johnson technique of utilizing flow cytonetry to seB te X- and_Y-
chronosone b¥PPAY @Bépﬁw{gs("ﬁ’@éﬁ“%chglb@?’nefﬂrg'ﬁﬁls)’é‘ﬁ' i&gaﬁaﬁ%s{o-?ﬁ%&t}q’t has
: Che fi : . .

feasi blS. e 194740 R B8 dpd HEPARTRLEH e SRABARY A Al o SHE RFREDTr serum
enhanced t hrqugibneh® ab'kihdv i UGN PafentiNgi0852@3] While caot ONMBESY teciatigiiesdas bbéh

MoFl o fl ow cytoneter _Eroduc_ed by Cytomation, Inc and discussed in a variety
of ot her patmasentddaslifivibechigldy péficient, iNdact at pregitaiong ghthosotechuigrevgeldhel

5643796 as | | i nternati onal P nt bl i 0 96/ 1217 Wi, | e
Che util| zatieoeaBveroaE Breicaies Musmris of PRl Behiape cretiay sy

i nCreases i mewRRH th@finyiinkokibafeioRs of 1Be BighrhintbefdO2sp¥h 280u3aABDSresent and the
PCT/ US98/ 27909 speed increases are particularly relevant given the high
nunber 19f s papproashiof sepasationg X-eandal rehporopdomasbeating sperm hasimaadse it desirable topi t e
of the alnost t n-f%ﬁ. advari)ges an sEeed "[ﬁ)’@ifl bl e %é thog, MoFl o fl ow

cyt onet er, PopranARHItE iR, ¢hdevedpermIpion, W SUBRE WEBFT™d for several
reasons. First, it has been discovered that as a practical matter, the
spermare tine-critical cells. They | oose their effectiveness the |onger

t hey remai n unuseAt piSesmonte ohlyeyuantitheved iechmiqeonsed g achaent the separatain afiX-and Y-
ti mngs has nade speed an itemof high co rcial,.i, rtance. Thus, the |
time criticaihrompspnee braring sparpehah begh B@t myqlvape t“ﬂé‘“gtfagéé“g&“ﬂ%lqmlé sgpfIaien
an essenti al i [ eV I fl : I

probl ens al s%‘qiégl t rtgﬁagﬁ@ efet}%ﬂr}ng?%ggp g%tdiyca M{%nﬁﬂg%ﬁg@gfﬁéﬁ?d %?Ql(t%aeeas 2
10 ~ p2@ct i aabulsofisvandes land dizeeveride sivobing thealktfierential slyx absorption efHXramd Y-
sanpl es usi ng i nexpensi ve di sposghle c onents an upst ances opn the
expense si def Pl‘poﬂgge bramne geem ot B’af)ggg‘bﬁsﬁ ?zlflya‘é’ﬁfi'gvgat%m?ng6(%2289&%‘{] | as
col | ecti on_ alighiBaRY ABhARANpbR uiFSuf ik fchiquds HRBBLed P RRCP IS fr U.S.
Thus, for co rcial” production and success I1n the field) 1nprovenents

whi ch mi ght BRatenpt Nepil2SEot The Johnyoseasshnique ef fiibziep dpwnagomeiry ko kaparate X- and
significant. Related to the practjcal 15 ~ aspect of,K expense, is th

practi cal as%é%‘i‘f°ﬂﬂ°s‘f’ﬂéb€?él‘igéﬁf¢%g%§’°£ﬂa° SigAd A AN %ﬂVBF‘qu‘PFéltéhﬁ‘i“r}@SE?fdbsggﬁt
| n thi 551 €9%ifle nldcMEcoifREoflF SddaPRich Of ShHpbhN (AIBIOT AL SiRpIREnhE, S
procedural |y robust as possible’so that operator error or skill can play an
ever decr easseparatioh has Beea sighificantly sshanoexbihnaghttbe nkization o i ghaspieed flawt h

| ower dosages even nore desi rablﬁﬁ. In addition og‘gge del i cate?ess &’f' t he
process; it fAemeierisysh puths Mol @%Fy@ﬁ’ét%ﬁé‘?‘#ﬁc Y (&1AMAtADs [ng. and discussed
extremely deljicalf j W&o f i I e ¢ it

m ght be conlk’i der e&p ‘g@éﬁ?‘f%yﬁ‘g“g}‘ él{ﬂ g@é,@?ﬁ%&?g@??its ?12631‘1% ext%ht%rgz]} h?’@d

cel I s' sensi 5643796 aswel v imeérnatysial BETpafent pyblatibw MO 96/11217 he Widle thx titihization
flow cgéometr in general, npst sorted cells or particles have often_heen
spheri e8l orofdeyemaier's MeHP®H ytgmsisy 35 GRS EEFRUINSTRASF 1Bspees), ang while these
This is not the case for spermcells. In fact, as the present invention

di scl oses, the processing 25 through normal flow cytoneter techni ques may,
in fact, be unacceptable for cytonetric sorping of spermcells in certain
applications. The sensitivities range fromdilution problens and the flow
cytoneter's inherent need to isolate and distinguish each cell individually
as well as the pressure and other stresses which typical flow cytonetry
has, prior to the present invention, inposed upon the cells or other
substances that it was sorting. This may al so
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for spermcells because it appears that even though the spermcell may

appear to p¥xI¥3Psdugh the flow cytoneter and be sorted with mwmamopy

di scernabl e side-effects, in fact, the cells thenselves may have been

stressed ggectlifcrp@ediretpagiculdireleedrit@ivenl the highhmbepbf sfEryoften used certain
i nsem nation process. Thus, an interplay of factors seens involved and has

rai sed unBEQ!Pé‘?m%ﬂP%YE sEHgemaigad- hespe |0§ H@c&lm%t tep- f%‘ééf’h%’@é? in speed pesgibie by
ultimte yse ?fo 3\!vf nﬁéteﬁ £}§o Lffrer é&‘rﬂh? gh?rﬁé S ﬁéh lg@%everal
remai ned -- 1n s grea vances achreve roug h ohnson

pat ent anﬁkaﬁ@isatMt Eﬁfd@ fb@blﬁ)abécoverddsthhﬂls afpaadticahmiatt@y tmrspmn aRatimé-ef ecdl
invention it has been extrenely difficult to achjeve | ower dosage

i nsedi nat Falls. viihei lensg depineffecpueness thedengsr they remainmusedy abepondthe eelinstipagy

used. Wil e .hist r| cal.l SOne hi e ation has
ocour r ed, Sinprd b aipHipry Ghe s BARTBEb R e B A coRE A Tnpfant?
envi r onmefrhug, dhd@he tABEl nBtueOYf th@B;BE?ﬁié‘ell‘M&h@ Bf BleProdekehas haddgesxper i enced
in or applicable to a commerci I ication. In this regard) the desire
has not be@nnmmrebmcntmmmvmgehlgbﬂfuegeandqwmﬁam%n but rather to achieve
| ow dose: insem nation with pregnancy success rates | S . which are

conpar abl e to existing unsexed, high dosage artificial insemnation
efforts. Thus, Oupe ?&Bl@rﬂ@@l%o@ﬁnbl AHgidg Bont iR fRERREND thOURBERICE]. iOh et h sexed
and | qw dose arti f| cial insem nation represent significant advances which
may 10f or ptaeti¢al sisie, it hmbeensdhsrqﬁdmm@vwcwmeﬁ Shermosanilesusing inexpamsivieer
probl em whi ch s been face t e of

D0 e or Blsbosa R RongNse SrbsupSHegn AEY ah i SXBehEiside, it REBRAL desleT B BE (e

fact that a[Beg Q&ﬁ’@e%}th{gs(%& {vell A8 BB ttioRAAd fsemlatioNSiaNsRatidien bl Feht 4h
success rate is one of a statistical nature in which a nultitude of factors

seemto i pd)asrm aybusT farspnineecislppradiatios apd spensesiinrthy field, !mn!@vdmgmtewhuohlol ve
a conbi nat i, L\/fact ors whi ch, V\Ihﬁﬁ‘.n t hor ou%l?h st at stl CQ-F{ ilﬁ‘l‘ d| ed, . will
be shovvn mig é’“ ereegeéa}tfném%r: in pECIERPR A TN Do SN Yhapragtica)

facyg periE! ST ymédcgﬂa géctfdé&ﬁmlws@ﬂ&@%é%mvﬁm thégdyrkhat the
resutst mse ves vary specl es an be difficult to ascertalin due to
t he fact piroaksst dsthinggand]itdaabesidesaed memqnbhfggtho mr@eksamgianeh@m ghpnlmttaxrbﬁ)s e
is not likely to be worth the effort a he|n|t|al S For

reasons t FROUStAS9ESIBIS se sbat aperatar STET skl EYHBIRY AR B8 GP%S(B? Fk‘: a¥fay)
i ndi vi dua tions for a
gi ver appf 4 sBinbinBa kS bbbl RIGIGRLr 4ige AR RId-EBARI 753058
PCT/ US98/ 27909 thus to be consi dered broad enough so that the various

conbi nati ons and perneations. of the techni ques,disclosed may be achi eved
Undi scovered s @%@W%toﬂ?d%’ﬁa@e%qfﬁh%?’}‘?é‘i’ssf i hppplwaysshean nownghat tHﬁ?"‘?’the

f oy act fet, oMve{hdd em@.r,g@f&ehwe c@ls. BFhitefss okt R il gmar:@g enilIARS! m%mhose

in the collection as as I nsem nation steps. esent i es have
been pri nb¢ tonsideraicdasity anderstobd vn feet, shefiillesxterit m\ﬁ/dwe:rells’i denbisivitizs hived nawed
that these techniques w Il be llméﬁd to such species or fordW&Uat mat.t er

to only sb@q{hﬁlawemlorth In thseontext abflow cutometryip ggaeral, mast peredrglig or particles
appl i cati ngie A e% ep%tencgler r&r?e%lsé gw&&lﬁf a%fl‘éto"%ﬂhﬁée%dfd‘%’géﬁ&%g t{h%és (This _

sensitive ens to I'mzation
stresses @fndt hlﬁé"éa@é’f&@?&ﬂﬂc&@omn ralae ab tisprésent Biventidh dibélesesthepabisssingi | e

the present invention takes an approach to mnimze the inpacts
25 through normal flow cytometer techniques may, in fact, be unacceptable for cytometric
sorting of sperm cells in certain applications. The sensitivities range from dilution problems
and the flow cytometer’s inherent need to isolate and distinguish each cell individually as
well as the pressure and other stresses which typical flow cytometry has, prior to the present

invention, imposed upon the cells or other substances that it was sorting. This may also



of sorting or stresses upon the spermcells, others appear to have Acl Jgkl v00?

taken steps awayod/s088 this direction by increasing pressures angc ggaudssgg
for speed and other such performance. Essentially, the drive for |ow dose

i nsenm natio i i j: Ll vl
interretat egkp ?%gﬂ?%%mﬂgggﬁgncg?glggp%?%bc:ag%%?éclﬂ aﬁkrﬂ étqtggt %v%g%aougﬁipi%gﬁﬁ;}? l.l
Thus) whi | enfalyappedras pheahrongh dingfléelclytdmsterand deissfted ditherdvifuatly ldisgbrmapleed,
| ow dose sexed insenjnation ﬁnd whi | e theéiegﬂ)emanti ngﬁarts and el enents

have | ong begf-ehleats| mdpet, thecells thegiselyes pray seRsEREse o theeposptbatdhey or
per haps conpj I nay e r: 0
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t he pr @bl eninvolhadaad has riisddamakeal pedbléms fronsthiapemspedtiveo fgpertt deflrsorting and
necessities for 20 the types .of cells (spermcells or perhaps

speci es-speEVl“’i‘%‘e§§fef°ﬁ136é£q1§)lnﬁeﬁ¥}6‘i“%’cl inthis field. Interestingly, as the
listing of efforts earlier in this discussion shows) substantial attenpts
had been nade but they apparently failed to understand the probl eminherent
in such an area amotievpestiem vifxeRas BRRITedat inapitaof thagenadhaRss amisvzad
that because the natural service event involves perhaps billions of sperm
there may hteugibibedoluspsipetent andhelaied tsaknalegit +és thg factdhdiipsioe toethe present

artificial insemnatiopn with nu 1y j ch,are, as ny as faur.orders of
ot {uda | HOBR A Been axbemely gyt ol 1o e o bAt RV St o
some t ent vl j e i i td [ i

t he prq)gsent SI nvé?\%ééﬁisle%sveqﬁ?ﬁg %g?l%\z;ygbs{ tétcﬁgmrotéggﬁdé angég&écﬁic%gﬁcégﬁxs%ia g’re \é)%hgﬁ} of
unexpect ed iow dosbdgsetminbiarahmeceineyd, ithvas appawet toltet meexed, théweticdbselaboratory

artificial insemnation can be achi eved %ﬂth sm:(cess r at es_con(gar able to 30
those of unSRWEUMAH Fherdaan WranVITPRMANISWUEHTR AP0 beexperifReediney agplicable

surprising to 1t : " < b 1% desite Tasidst beed meke

the techni q&e%éangegég@fﬁgle“\élﬂgﬁ' tléugﬁf)tr‘eeggre@ﬁtl idr?slé%t1?on ibrl;'eé 3](‘:3%31{(,:0 |%{evg'3§‘vg
achi eve t hedgiedatenfiaatidt Butrhihenio ddhidve I@adbsetinsdmingticn withlptegnaiicyi silotas raes
be viewed by sonme as unremarkable, in f subt] e changes, appear to

ct, the
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i nvention tkhgmg\gdﬁﬁgclég@g%r@%edgw&lﬁ (r:ée\sggﬂgg%etgéf' %—?b@oﬁy oésrled, lto?’i%(%é%ﬁ?@i ci al
i nsemi nat i ofhsbénakioh résesenpsighifiohst adviuices ehidhamay, foethedirsetine nivke@sfmiatcial
simplified procedures |likely to be necessary to achi eve commerci al
i npl enent at rMicapensfigasibléw dose, sexed insemination on a commercial |evel,
however achi eved) the present invention also discloses techni qgues which
permt the achi evenent of inproved performances and thus 10 facilitates the
end result desir egoHpBrdblem vAMEHIREDeeh €xced btiidsk i iRl ind S M-Niphin) th pitedf
commercial basis. I11. DI SCLOSURE OF | NVENTI ON Accordi ngly, the present
i nventZ0on  cthgi greattadeances by vherdohnsonopatent eadraiated tachnelogy — o the Saet that the

i nsem nation d of .the results.as applied t. edeterm ni.ng the sex of the
15 PrOvSaTa dselh JnteRE il Al natint S BB e fh b Apeica
sorting of aaardIGALiLE afulbRide b Fdteors B&ini toSigterdlay OWHis, #hd é&uﬁ&ybﬁgﬁb&r may to
separation technique. In this separate technique, the sheath fluid as

typi cal |y useue degrae inivolyescamhinaion ef faetprsydueh. when thoroughly statisdenllyistidiedes

the stress gn,t.he spe cells as.. : r
col | ection g@% gﬁ%‘ ?"gnF ?Bﬁféifapoe'm}g%{nmgégtl@g%&tdﬁ?g%gﬁéﬁsb ?’c‘gﬁﬂ §'r'1‘8¥ }ééﬁteoﬁ% 'c%lfCh a
st resgst 0 wWikteAninAors REUAh&Iohipoanedsbydihe Tict that 2k réatltsatiembet edsniagpBE spudits

substances are represented but as those skilled in the art wilt readily
under st and, andipiay s diffienltteasceriainalvg tp derfactdhat desting and statigkiead samplingoma langs

whi ch may bg, Sph! A Aede fORa el o TSP AR oAk IHAAnRAP SlaBss. FOPRREE Hda8Ehs the

t echni ques,
invention can also involve a combination of fac‘tors which may, individually or in

combination, represent the appropriate solutions for a given application. This disclosure is



parameters involved in a specific processing {appl i cation. An objec g’fJUHh%OZ
I nvention | wfﬁgg o merely achieve sexed insenination with I g
dosages in a rranner whi ch wor ks under realistic commercial ci rcu s

An obj ect e better . s i na. for s bst anceg such.as sperm
ool 1o A thist e s comsle b brat sh 50 4 s RighR oA LGP AR porReRDT oA e e ¢
has on ”'l@ nge% A1 RED Blay RN hiev¥e Uh@i@@o%ﬁ'd@%@rgxesé:ﬁ' exiist vithPRKer W tors.
99/ 33956 PCTNS98I 27909 may be sorted. For a fl ow cytonetry sorting

t echni queSuch fpatotsimay mngg Gaim fastarowithini the sestinpeoripepaps, flovecyshmateh, stépsital

| nposes upon t he c | s and t otentially proyide a she I d which

A T r e 1bateinds Ellestial 8 wel R hsemimalion Rt PiesHtiices haye besn PRl

i nvod ved.,cAieRali 8h 'bgbmgg cibsS hswequvssdﬁ)t%eh&reanﬁmhe@@féchﬁahsg WHESe mit&? are

especially suited for s ermcells 1n general, for bovine sperm cel
equi ne spersnclespecees ogrfdr fhat nakter ts@p&r axemm:em Btambtawmtrthcedchmqumued(m@nd
Y- chr onogone beari ng, conponents. to, mnimze the

i npacts t F applicalign bexeridstpsan o¢l E 15“5 %?St%ﬁ'%@wpfvr?@}thﬁra%enaﬁaﬁ itemstehe | s
and to mJipe ePay@ﬂxﬁﬁ&Q&od RE ImBstE the 8fessF fg) C,w@ anmg%m sex

sorted spermce us a goa I's to achieve as una rte resul t
as possi ldoeted10 Anot her object of the invention is to achieve Iow dose,
sorted insem nation on |evels and with success rates which are conparabl e
to those of the typical unsexed, high dose artificial insemnation. In

keelloq ng with tfﬁk&e&@g@ﬁkﬂ%l@ tﬁg@lesén? i \}%nﬁ&’? 9§ ar?ﬂ:p?ya%ﬂ% nif¥EE M uﬂéﬁts

art i cial insem na an acni eve IS (0] In a comer Ci

practi calof¥BARRS or sileskes pén melsgemealssomérsmppemta hm dchallytilensteps away
potential damage upon the spermcells is 15 ~ inportant. Sortlng in a

manner wHien thisdireetiorfoi mcrﬁaglﬁgwéwe%\mﬂ <ﬂm@r§i§rf@§9eﬁsioaﬂduqﬁber sHPl which is

especi al | da ted £or sper rti e
e R R e S
whi ch do gy, iRaddidiviahyl cHpeftdps maTémea lféshtokh Haive bbRd PREH1EMA RthioM irifle bt
conpatible with artificial insemnation are also inportant. Naturally

further: cisiothers Toas, wheleithereias beenar lenghffdbblés;@aattSﬁ%u@dcfm htﬂhhéﬁedai%’adowf
o a schanied eanugtam e HeLERe spPIspEP U A0TSR Ao+ PR e DAL ©
i gt am O o e e e By chilh BeaReiect ?‘Y‘Z"ﬁ‘??ﬁ"‘??ﬁ?f@% ‘“;”“?ﬁﬁp‘i"ﬁé’f‘@zé‘ 1 ow
cyt orret erapparenfly $eeni overlomk@dby those skilled in the art. Perhaps to some degree they failed to
appreciate that the problem involved an interplay of factors as well as peculiar necessities for
20 the types of cells (sperm cells or perhaps species-specific sperm cells) involved in this field.
Interestingly, as the listing of efforts earlier in this discussion shows, substantial attempts had
been made but they apparently failed to understand the problem inherent in such an area as
low dose, sexed insemination and had perhaps assumed that because the natural service event
involves perhaps billions of sperm, there may have been physical limitations to the
25 - achievement of artificial insemination with numbers which are as many as four orders of
magnitude less in number. Thus, it may not be surprising that there was to some extent an
actual teaching away from the technical direction in which the present inventors went.
Perhaps the results may even be considered unexpected to a degree because they have shown

that sexed, low dose artificial insemination can be achieved with success rates comparable to

30 those of unsexed, high dose artificial insemination. It might even be surprising to some that
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Figure nunber 4 is a diagram of the sorted. clell stream as they are

col | ect ed i the tévhnigasslambjadvaneesarf ¢lze. préseut inBEIS oV RORbEARRMChISVEXHE gk
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For flow cytonetry separation techniques, the invention also involves

i nproved f | aonsidgtedrabdrer orsy sombmatien withlotlxs selytit dangdsor t he 10 creation of
sex-specific sperm sanples which may be used in artificial insem nation and
the ani mal s produced by such techniques: The invention includes overall

procesges thr ougu)h%gg Lfth Bk gﬁﬁéﬁ{%\?@ﬁoﬁ BeRhRAVEmBR 's%(%sse?é‘?& t*'oplogfgtyé%f &3l

environnents. F rnore, e techniques are disclosed In a gen

f ashi on so 4rtifitial meymimyioh Gasyp beatipdssibipeith lévelssyf peefvrmattd mep@kirgatri ons
once the general g(Eri nci pal s are understood. Wil e devi ce enhancenents are
15 di scl osedmplifietprgcgduses likels e boorscssant tojarhiske eomBsEaskdmpiementation, Beyond

of vays. 1 g <BhkrieRFa (3R ritbn Bh R RRRR A R AREAGANRA BE prcheft AYBHEn

shoul d be upstediséled téchnRfaee MR RGhdyChidvemeti Sihpeoved. pepforiiBiies @€ thus
the basic goal is that of separating the X-bearing spermfromthe Y 20

beari h§ spelapilitares the end msul desired, namelzr lowrase, sexed atifigial inseminstiop gaSR of
sperm so that each,can be separately packaged and dealt with. At present

t he isol ati‘i?ﬁ’mgmﬁlg?sé?'abl y done through the use of flow cytonetry. Flow
cytonmetry in general is a technique which is well understood. For instance,
the basic aspects of it ire shown and discussed in a variety of patents to
Cyt omat i on, IIL.NDISELOSUREIOE INVENFEONNt s and ot her publications |isted
earlier. 25 Each of these patents and the references cited therein are

i ncorporated by reference; thus those skilled in the art can easily

under st _and the bﬁé&o@diﬁrgi)}:'mc[}lr&%ni VAR Eaifhs the¥2nPR/erRRL Gn a commercial level, of

low dose insemination and of the results as applied to predetermining the sex of the mammal.

15 It also provides improved sheath and collector systems for sorting of sperm cells to determine
their sex through a flow cytometer separation technique. In this separate technique, the
sheath fluid as typically used in a flow cytometer is replaced with a fluid which minimizes the
stress on the sperm cells as they are sorted. Furthermore, the collection system is improved to
minimize both the physical and chemical stress to which the sperm cells are subjected.

20 Various techniques and substances are represented but as those skilled in the art will readily
understand, various combinations and permutations can be used in the manner which may be
optimized for performance based on the species, separation techniques, goals and other

parameters involved in a specific processing application.

An object of the invention is thus to merely achieve sexed insemination with lower
25 dosages in a manner which works under realistic commercial circumstances. An object is
also to achieve better sorting for substances such as sperm cells. A related goal is to

minimize the impact the sorting function itself has on the cells or other sensitive items which
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["C"1'/ U598/ 2799 In order to achieve the ultimte separation and

I sol ation of tﬂ%tu%ﬁﬁlr R\Pt'ix'era cgb?ec se(Lfltﬁe {refltion are disclosed throughout other areas of the

20 specification and claims.

IV. BRIEF DESCRIPTION OF DRAWINGS

I

Figure 1 is a schematic diagram of a sorter system according to a flow cytometer

separation technique for the present invention.

Figure number 2 is a diagram of the entrainéd cells in the free fall area of a typical

25 flow cytometer.
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uncharged d ' AR oing minto a suction

t ube ogrg thg‘anE@f%g .Eglqu:cﬁl ngypoNtF]:i gurgf}%?qmlgﬁ)‘ggss can be even
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They are then deposited’in the appropriate 25 collector ( 14) for later
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to its application for. ermsorti i.s the . hjgh speed operation of a flow
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(mong ot bR bt alsaems Pk A b ST of SRS ST Y EgAsde afl of
sorting, tlugd forgath ,2adPGiaHe st th &t drdultP AR dérdibSl R bel digdmbhAe£ b tET W Se
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ranges. Thus droplets are fornmed at very high frequencies and the cells
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is achi eve ates’of sorting e thousand ‘and twel ve hundred

ranges havandémsady Foeiitancd)itee/edid dspettgbf @ atd glowspemddliiscabdedinatvariety of

Importantly, it should be understood that the term "high speed” is
thrRhbe

relative t @i ometions lup Resh 2dbaNced 260l Hong digted| cagliers j ¢
appligati O'ﬁcﬂ%?tlﬁﬁ@bﬁé!rﬁg and B references cited thérein, are incorporated by reference; thus

those skilled in the art can easily understand the basic principles involved.
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( L . mito p
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degree of dye present in the sperm cells it is possible to discriminate between X-bearing

sperm and Y-bearing sperm by their differing emiss%on levels.
|
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exhi 0t a Rkypehce espaexisience bfin aharge onietth drep P8)cas it sepataids fodm sireat (2 Ean be
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citrate sol ution ma){ be created, as followf:: oy .

sperm cells (15) of the one or the other sex. They are then deposited in the appropriate

25 collector (14) for later use.

One of the aspects of flow cytometry which is particularly important to its application
for sperm sorting is the high speed operation of a flow cytometer. Advances have been
_— .
particularly made by the flow cytometers available through Cytomation, Inc. under the

MoFlo® trademark. These flow cytometers have increased sorting speeds extraordinarily and

10
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6H00. 0041 PR: %g%g%ms@emmd%mmm (AR ufigh Al 8

m HEPES4. 7/ Z 8 JU-~J 2 WD 99/ 33956 BSA (fractio
PCT/ US98/ 2n%6feOrienmirhaatly,dsgentd ddunderstend that the péreyligh sfeed’piseselative term

invention is the fact that the cells invol ved {;Gi i( peri ence unusual
sensi t i vitupkthat Pﬁo@ﬁéacﬁ‘ﬁi@‘a‘?sd“tﬂﬂ“éc%‘ye‘ﬁléa%@eP 1t 3pRlipatians preachieyed. the e | s

are 5 h a a%h@tﬁ %vh% féeclolr@' d%ﬁ f‘ﬁl ﬁr’ q)% Jaﬁg@hlr }ngg) Erﬁ%!] lnsabsc;lmt%t Iﬁ gﬂ}{e} Ggﬁm%%n not

have t he a |ty 0 reparr ves an enc ey nay néee

treated: nHe Eeﬂ&?ﬁﬁ;rﬁﬁ!}ﬂé 1sl tHtl tie Eé}ﬁng infaytocpurcarattoat \i'llnﬁh\ltl(e)ﬁaﬁmétﬁﬁ andr ot her
handl i ng equi prent h it may be appropriate that the enhancenent is

parti cul anhyyxcalpmara,cmsécm@he ﬂpreVecyrtmweb@rteé}ﬂ@tf&am trthe cells theragedyesihen

devi ce, st.abl | sh sour spermcells. Anqgther potentially
rel ated ass%)tzn a\fﬁf‘hﬁ ?Falssge %ansl%ﬁﬁlg @fi a class of cells such as spermcells

is the fact that their DNA is non 10 repairing, non-replicating, and
non-transcri bing. Either of these factaors may cone into play and so they
may be rel evarPnepsnselofihigh spegd sertipnggyhi¢ihappepisto comgdntoipfayljensertingasperie

t €a 6“ ngsccgg %I‘Lrguglfégl%\?mn%yéé{ngtgpge'pgﬁtngg Pécxmtqﬂe ?sltilalg(?ﬂ% Sregﬁrés and's tl?e\f%{}egsgs

V|r Ses an
to which the sperm cells are subjected within the flow cytometer. For instance, when

operating at high speeds (and an alternative definition of “high speed”), flow cytometers can
be operated at a pressure of 50 pounds per square inch and even 60 and higher pounds per
square inch. These pressures may be considered high because they may result in effects upon
25 the cells being sorted. The key as disclosed in the present invention for this facet is the fact
that the stress thresholds of the particular cells are the determining factor. Additionally as
further knowledge is gained it may be shown that the stress thresholds are a function of
combined effects such as the particular species or tlLe particular prior or subsequent handling
of the cells. The key in this regard is that the strcss! imposed upon the cells can, in fact, alter

30 their viability and their ability to achieve the desired result. In the pressure case, it may be
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non-repairing, non-translating, non-transcribing cells. A separate PR CZ[UUZ
of the flow c s L. processi ng which may al.so be inportant is,f ?
of properly tﬁg'p?%gb(f he cells both chem cally and physically a%“g/ S 7(33@9
are sorted. ,As shown jn figure 4 as the cells wthin drgps.(8) |and i

col l ector (‘Dphmerely SH’Q’?‘_"E@Q ‘ﬁﬁﬁ?ﬁ% I_Stt?lﬁplg‘tﬁﬁléprgﬁsr‘i‘f%?%%rres’a/ﬁ%%er?tR_E'é‘g%ﬁ?f}H’e
col | ector bRoRI QREMEYr 8 tBRGreRuicAhy tdsulk 6l GecPfasePpaR foranc ¢tth@¥all<li THE fsent

i npact between t'he cells and the container itself. Wile it has been known
to place anirventipmin o legardactsitd gridingizq fiese stresses apd thusrresylts im greateneffioaeies o
collect the_c ”j so that 20 the g?atnrOt hit It he bottom of the container,

it appears Myat3S4O%F sgg%aaél?.ﬁcH%se the container to address variations in
stream presentation as well as the inevitable splashing due to the inpact

of the cells into the container can be used to enhance the result. In one
regard5this can dotomsderingubhistoass agpest efitheicellsothetpatseneinyentiohiacts imayfaghion

mechanically delicate, that is, e break or .be damaged by. an inpa

can be trea%’@&%‘ﬁ‘ﬁ?‘ﬁ%@é‘?%ﬁ@?se?hhgewg eﬁéarg]%e W‘Bﬂ%ﬁgé‘f a&bﬂ?‘é‘g' e o ’iéLes
cells which L | I,C I : I

be i mortan%%lgogpﬁoékﬁgdfg}éﬂg&{n bi‘}rg?ggtévﬁ{l%?\sieﬁg&él gﬁ?ﬁlgﬁgﬁlnﬁ&éﬁa}’ blégE st
col | ecti on impeseddy thehatilingef dpecells gvithinthe flod8)ytsmetee sppcarspigiificam forthis
wal | s of the container in a manner which avoi

) g%fo%?,g‘t with the cells.
Thus the t uBRPIRSEENN R ons @algtimepiRf the inventian, g she if| i5 3peitieally spigetedngn?
PCT/ USQ8/ 27 . C i R i | nt act
bet vvegﬁ t ho%%%%%@?%’é?ﬁé Cé%!ragngéé d?ﬁ%“%‘%?"&&i"fﬂs@g? ﬁ?ﬁéﬁ{é@)ﬁ%ké# %elf hflgpnanner ,
in additi onedwrdrifent @k HRGioar-sdrt el il Bhyirorimanmy Widledeaniraliybit és pessibie toatus
wi de col lectjon tube as well Perhaps nerely, providing a w de opening to the
cont ai ner whitker the pree or pestsart tfluids, imenecsarhodipent the nuentippadpistssihie shedtls fuid (3)

: LRt s . =St
Found that B BUR it Tripobe By EhEly RS a5 gkh ik ahs FRERSIFviSuat nee BpIfEL
least 15 ni [} bretphasd the ifRhiisy Rteinarialedt ttfat ftirembvesShe widlifeals fromkdt of

utilizing a 14 m "Fal con test tube in such an application, mnimal physical
danmagdSt o t hperatibh of the flow exaintteofo 2 fasus on haslliog apd removing stness from the cells

" di d. 1t should be noted.t hat the 14 ni FEal test tub
not be. opt | MsseRGoSBaE RS eRcH Mo s PeBbaRLE elze b RbinG: mropgHIE IO
cont ai ner wgj smnamtg,htﬁé gf;eflg)@ntgﬁﬂfﬁﬁbﬁl‘e& nizEh&( thed Ay Bderfafh clitmical

"stream mat ched contain may be nost optipal. This streammtched

cont ai ner neympesidoanty varickattic ceils triag bediyporwiesppnsivar Abessrhiypei-msponsive chemical
relatively wide orifice, an elliptically shaped orifice, a lesser height to
W dth 1t ocbHaASEGR BAY noralvonBebs b BR BET eh diearts Hepuies Abdgens.
presenjat i ONmabRkntBSatTRokeRt i fftarsthatron@lcht c¥ild Sdiadd MethBolic ARnALAIRonipRsfiidss
falling streans, and the like. It may al'so be desirable to provide a

mount i ng el emdnds curate sesn & pevealklvausialydrgh stiesses dpomrtheicels. bEhbs, Beedrypegs or

the like to perm.t vari.ahle orientation pf. the tube to . ch the falli
stream desi f Bof‘%vﬁéh%F?lé’ef’@B?‘t‘Pﬂs %ﬁ?et‘ﬁ’g‘ﬂ?‘-Pf%‘i‘(’ﬁ%g?s‘?’}&‘ﬁh}ﬁfﬁhéE{Céﬁné‘qug@y
for the cl a%ésp%siwm@g@&séx%ﬁbiaﬁmw&mﬁwﬁwtngzﬂeﬂbé(i&mgf%ﬁﬁm tegiZni ues. As

"Fal con-type" "test tube) nmay include not only the width of the tu

al so the natespeain dells ithappearp tiay ateyabelie coropasitiapis, speeificelly sitrdte comstasty fc)bowine
of which it is ma a the |ljke. (These nmaterial options are well kno

Por "t 13 14" APRRFSI i Heeeypuflst Constancy SmeaR e b R Cals TR yectery Speraiitg | g
al SO serve @5 freGeht MiveRii HimiZ the BaNbanRiishithdypE 8B&Gatich bF@e
cells. It al soﬁrgan @e"r%vgwgﬁgﬁ{ﬁg srlnze, to %ci litate chI ection of adequate
nunbers of seglectionbf substances Whieh fiay acttasdirheans tor neiinireizing tAS changeh svhichsthe cells
of the collector fluid (17) can be the fact that it, too, nay serve to

m ni mi ze ch&XPYHMNCEt r esses upon the cells. In one regard) since it may be
inportant to provide a nutrient to the cells both before and after sorting,

the collector fluid (17) may be selected so as to provide a coordi nated
| evel of nutrient so that the | evels are bal anced both
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before and after sorting. For bovine sperm ii whi ch a nutrient of egg ol k
citrate is utilized at 1 rt WD 99/33956 2 8 ,1Un! 2002 PCT/ US98£2 Qiﬂg 2002
two percenYQFENA k Ievel, it has been discovered that utiliGHHYP8E7U
percent egg yaolk citrate | evel gthat. I's six percent egg yolk content in a

citrate sol ut Femthe sheath uid, g sehstanse i selectedaecording 4q one ewbodiment of the vol unes

trate _ _ Fotte v
Start ( ooy R oGl REnRRy bR o pridl SRR Bandes ahub YD "

about dosddcting HheapRbpiigte fiesadi Mgd abt sy eecdntge sf flow dytirhétey parameters) Gut
volume) with very little egg yolk citrate in'solution (due to clogging and
.ot her f | vathes glsoip contegtnfdhelesibnarametyrs themselvesibe ehanges experienepd; by the celils t he

| | f ) i . i A
st ot ngt B FYE lochiy SPRgIBNREah PELRAREAF Vs RHaPS SHARSIb Qb iF o1

"due to thigukol sHeRes donvedlypedf chEfical ttivtorqohdhesiciraté bivttled thddorsyny itinaypetiect ed
so as to create an ending 10 collector fluid environment which is_bal anced
wi t h t hethroughpul thayaripesphages oftlhreprorssgi HoriR¢RResn erfour phasenshowramiaht, |t
may serv 1.1 |l 1he ti : St t,0. whi ch
oy 2ol 1 SrlsBaflall FUERAhDShgrh B AT FR0R6RY LpAPlof o SARRERI B0 d 6

pr esent efmyvirdgh bRadellandy RPresyt AERdedterte ofthe c2Kk siithat theeen s@lﬁﬂd?(l)P{)lﬁd&é Itinme,
the inmportant point being nerely mnimzing the stress to which the cells

ar &0 subj might ghew tlanexistemae dltha deds ps thiey arel®rieq & the sheath faidenrvirongient @hasee
initial em,cal supstapce content. c e varied {for (anst.ance th er cent
egg yol kﬁﬂmlﬁ ﬁb.o‘fvﬁﬁ)q ﬁeggc?ﬁ”feé&aée ?ﬂﬂ?cgg a\Bgrr 50&"%??4(&“38%%2)"}‘8{‘1% ﬁi‘@v‘?ﬁ lggpt he
starti ngrecondigsibd 01 ih W LborSEVhEQNRNEIHer MrtiMAr TRAS Y@ pHIBS JRYoRh Iy i€ varied

i
so that the ending result IS the sane. Thus, prior to commencing the
sorti ng prie@cesmay ekpercobt ectlpdifférentdhemicst Bciar ehvieongientpeAs shmwregg yol k

content in th‘f‘@&i Lhr ate sol ution rzlnd af.t er congl etion of the otFlt i Q%l event
20 the cHINCERBBHY-foederyit e prrserl dRvarfjanily GelS By RRERFIE YEPE IR clianefy
pefsent egg ettty BRI Bt didp dxperidhcbd Bt&eSPphtsbOMandt N bel irthAlBy dukhd. 2l
nutrient content. Note that in later use these spermcélls nmay "be treated
to a 209Tkigds 3504 fesuld of thetselectidnheS the appmopriaté shiedthf fhrid s mentipeekdye. Abugver

- TR R e NN T
0 o Ry BB B G BRI 20 1 L ot ool Iy unegstana. 3
COMPGSI TI ON: 80% sodi um citrate solution (72mM) 20% (vol /vol) egg-yol k 30
Iulsg 8 }D 2R E SQSA T 8r\|1e E?t:\;lelpolfclm-{iEaF:gen%Zaliticmatg r%/a):l)) g)%thWthh ?esbé:clgvtvo chLiJéJ %hel\rllgmlénlon is the
20 fact that certain chemical compositions may representmore hyper-responsive chemical
compositions than others. While naturally this may vary based upon the species of sperm, the
handling, or even the type of cell involved, it appears that the viability of the cells for their
intended purpose (here, artificial insemination) varies: greatly, naturally or because of sorting
or both, and so the cells exhibit a hyper-responsive character with respect to that chemical
25 composition. By selecting certain metabolic chemical compositions, most notably citrates or
chemicals which are within the citric acid cycle, great advances appear possible. Thus for the
bovine sperm application, the sheath fluid (3) is selected and coordinated so that it presents
about a 2.9 percent sodium citrate composition. Spcc%ﬁcally, the 2.9 percent sodium citrate

solution may be created as follows:
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A. Sodiumcitrate solution 1. Place 29.0 gr a&s of sodiumcitrate di tZy&r‘éH‘E Ll
(Na3CbHsO~~2he@yyi3ms5@ 1,000 m volunetric flask 2. Add dei oni zedrassys/27909
Nanopure water to make 1,000 m final volune. 5 3. Transfer to bottles and

autocl ave at 151l bs pae9EgrardIfsoditm ditrate ditpidrae a%,mgngs,-zﬁ,oﬁm Qqsloewnl
sol ution. using condlvulg,q@mg fadl Ni M ze evaporation (I oose’” cover)

careful that water d?les d;% Nd s mt Qe fh %9?9) QWhyth@ﬂ aﬁ&’%er t(ivolume
s, L KRR LR
free dirt ( do not %séer% ﬁ‘%&ﬁ"ﬁé‘f‘%&%?‘%&ﬁaprqs 3t °rlaﬁfF€F'g® eggs

in 70% et hanol for 2Mn@ieRut es. 4. Renove eggs and allow to dry (or w pe
dry) and store on a el ean Auteddhve Olutpngysinegandiions te ptivimize eviapotdtiongtonsé | e,
cl ean gl assware 2. A-fractbweer)(non-glycerol fraction) 20 a. Place 800 m of
2.9% sodium citrate $0l ut iBycardfubthdt Waker dbesgioatvidedycyl i nder. b.

Ant i bigotic | evelgs fOchohﬁoWatquﬁQEﬂ ex‘éﬁﬁé aining fraction (Afraction) of
the extender may be ag,Ltald 19d"ﬁ1 ch'(yi = 100 ~cg/m 25 ii. Gentamcin =

500 uoimi 111 Cipge IS U G0t T oSt
S?gv?/glals( 2—Sf?gfztﬁr on eé%'g} ‘éésrglgr lé“é@"@c?&?ﬁ ﬁh'Bﬂlfetsat ey vmdt thbos/o

egg-yol k and anti bi ot| cs at concentrations known to be non-toxic to bull

sper . Extender Il e : t
(oopa? 500 m ) fisrekill oP LALRE A cBlIO Qo cobfposfuon TS bt SRR AT
D. To add Rgfry,dt Kastﬁeeﬁdtwé\feeé@masmru?mmaspemeceﬂleldmpeaauﬂé&emmxﬁnmw&a
well. 1. Wash egg and cl ean the eggs (see B above) 2. en e é‘;yand separ at e

yol k from hennsfnommsgangtmybum sepattienleny HRGMB paprevously geated pylk]. Paokshand

forth 2-3 ¢ bet t he two, hal "
a?(r)und t he'Sf cr;EtS?PV"lef'Oamp% Qﬂoé'ge W@S%ﬁ“ks‘gﬂi gmegmg} Erqof’c %B éheoqr[] (‘ielg ?9'{2"?8?
paper. 4. hphdvini®p Eﬂnh B?'He APRT, 38Y86lok) 6 REFEHAI M pmlll(ww) HeRB ElhéBrﬁ&ated

buffer and squeeze t e yolk (rupturrng the menbrane) and al'l ow fhe yolk

run A% of by neferpotelelof orly srthm sugrising kecanss itiginoh ther saniEytppaef dupstabords 1&2 15

m of the X chdcf%p bg&ng ?;;[e%ngut t{xé (a)cr:Pu ff%tc',,%ri-g%x%lly was developed for a bovine
application. Thus in the equine application the sheath fluid is selected which contains the
hepes buffer. This solution may have a pH at room temperature of about 7.54 (pH at 39°C =

7.4) with the following composition:

25 Chemical Dry weight (g/500ml)
CaCl, 0.145
KCl1, | 0.115
MgCl,*6H,0 0.004
NaH,PO, *H,0 0.018
30 NaCl 2.525
NaPyruvate _ 0.011
Lactic Acid (60%) 1.84 ml
HEPES 4.765
NaHCO, 0.420
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WO 99/ 33956 Z 8 . ~Uw, 2002 PCT/ US98/ 27909 I gtnot her aspect which mey § JUN 2002
interplay in the various factors of the present invention is that of
utilizing I'SR%BIE6 anpunts of spermfor artificial inseninatP&R/WEP8271909

| i ke. Additional background on the aspect of sexed, artificial insemnation

may be found in "Prospects r | Mammal i an Sperni by pert P. Anman
and George E. Seidei, Jr. ,Bgl(gggg%dggsoci ated S Universi t:;/BLI;r ess (1982)

hereby i ncorporated by reference. As mantionqd, nat ural insem nation
i nvol ves nunbers of spermon the order of billions of sperm Typical
artificial insemnation is presently conducted with mllions of spermfor

bovi ne speci eD@sthedgEt hhie may lintephsy infthespresent iroentiopuisitbe fqee diatthe cBils t he
term"low dose” it is nmeant that the dosage of spermutilized in the
i nsem natvivedmay expesienessunushalisensidvitigs. t Ingnegegard thip may bealne ta the fagtfhat

about 10% of t typical 10 n v dmiy 13 '

Sorrt o apeim bRkt %ﬁa%sv"gﬁfﬂgg’ﬁﬁ%‘%f"ﬁ ROPIBaAAHEThAL I8 PhE Rt have the | |
the gont Qlﬂlirtrgfto tdpgir khephseBles ahd hénce| dley niayaited & botesabmgeh aforabagitaglyan
absol ute nunber. For bovine spermwhere currently 1 tot O mllion sperm

are provitkrais typitalfonfens cptovaters opetheniand iAg pawpBYNG T uiss b mayDaappERpriats

about 50 sperm or perh S_| , I Lo od .act,
i ough. Qi GBreram: B FERR srtadp rine B Do RRSIRd, pF ifer yorlralit
artifici devicBsRiN toakiaBlish dur&ekpeah Cell, 3uRRhaf potditialy selhrd afRRnwaRAW
with | evels of insem nation of spermat 100,000 and 250,000 sperm~ (41 %

and 50% maylpreenigvetoye gassgfsalissuchias spermeeells kolie fagh tha their PNA is nogt er i ne

Horp. I nsem nation of Heifers Wth Very.Lo r n-frozen .and Sexed
Spermt o7 ghpinte, TnmribinS  fontrassir, o B 7 sies® FaclBE A RERR S o1y

i ncor por ghgdo li’B/eg!’ rﬁ%fﬁ@m&anﬁéiﬂﬁﬁirﬁmaﬁaw&irltﬁgam@eamug,cu #ha§ e aat #he teachings
sensitivity to dilution) these 20 results may di splay particul ar

i nt er depefdenmesann inviestiant apply &t albgaroéte cells atowen speirvaes angthedileei witich exgar ds
to various techni ques of the present.inventijon. The absol ute nunbers may be
speci es \OPUIRPRIARE, Nodrirapg|ating ’?ﬁé&‘?"ﬁ%ﬂ‘b‘%%‘bs&/ | ess than about twenty-five,
ten, five, or even one mllion spermmay be considered a | ow dose process.
Anot her aspect which nay be inportant is the fact that the sperm sexed

t hrough the 205A pemsatehspesvéefithe Aowt aytdmetepumrecessmgortiielr mag @lsoits: intpottamtasithen

Fechhi quASSHaTBregsr SBBLRE the Sol by HSBEFaLs a5 SOV RSPy Aratartet A
Sl BRSSO o NBILLGTTRY, B BT
I nsem natth®eontsiaetnllich htakds gp the mllectar biomepernhy sized seethat iraytstas gembereans efat e
synerg esav\g/ifliiilsghann;arrlf;git lt)er}\?ve\c/r? trhie%lélsls ztxr?dctrt]lg icglrltjtgisne? ItseT]P %V?nrlg ?t r;ts b%:c?n known to
place an initial collector fluid (17) in the bottom of the container to collect the cells so that
20 they do not hit the bottom of the container, it appear% that a simple widening of the container
to address variations in stream presentation as well as the inevitable splashing due to the
impact of the cells into the container can be used to enhance the result. In one regard this can
act as a cushioning element so that cells which may -be mechanically delicate, that is, they
may break or be damaged by an impact can be treated appropriately. Thus when the
25 cytometer source establishes cells which are physic#}ally delicate cells as the cells to be sorted,
it may be important to provide some type of cushioning element such as a wide collection
tube for which the opening width (18) serves to posﬁ]ition the walls of the container in a
manner which avoids contact with the cells. Thus the tube does not present side walls so
!
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WU 99/3.1y56 2 8 ~ui~~ 2Q 11 nrius~ai 2~yuy I riventi on particularly %}8 U 200
/

appropriate. {fd4dbdgy, the sexed sperm can ﬁe utilized not jusf.f A7000
artificial insemnation node, but in other techniques such as in w?ro

fertilizatign and the.like.. T rocess. of | ] ecti orti and
eventual |y Sineanrtaeey ahsignitiall BT o kBniaEeh P BB helSoreg ane
ot her separgb ivalls b HenuBéCIn thiMRAHRSE, iR adaitiof Y tRfcolta@psuilT1 T/ kHgext of
5 bovine insemnation, first the senen is collected fromthe bull "through
the use of desirableitd instude wwglcrcanecmngum@mwsl*-aPerhamse@erefy pippiding avwidsl opeting

billi nd . Thi t h dth h .of .
spect r ophot BIEE etFer S BisD 2R anChT ok ko IFSES Bl b Eiseiea Farappticatchs
eval uag ed tlﬂnwi?htsb@éd dokrtiNE6H sheAR BEIRD it 1k BedPEouhdl that BRFidih@Ricbhthier having
standards. Antibiotics nmay then be added. As a result tile initial sanple

may have apmriorémdiameter epening ghatlenspb? auHimesersihielisy eytochesinfli¢iontnSpe¢ifically
sperm per ejacul ate. For processin a di Lution.through of .sonme type TALP
(tyrode al b‘%ﬁﬁ‘?’h“‘tﬁgﬂ?gﬁ? 345&11%%&"3?“ R?'Besuﬁhsglag?pdlcéé‘fn’ %8’%%?@@?‘5“6@"?5%}_%
at a _nmanagaabkélld &VilestiFer thel Beddal1 ¥phas)beeh dadepyéeryd. mat el y 100 nillion per
m . The TALP not only nurtures the spermcells, but it nmay nmake them

hyper-activated for the staining step. Prior to staining, in sone species

h th [ [ trif t | i d..15.
Staining may be Labonee i B RIRG4 B R RR BBERRRoEPE SOt E. 1t ai ne
protogel , tdieclRhaligr It ik B@liédéﬁltﬁﬁfdeé?énih?_ﬁ oénga_ \?ﬁﬁﬁirﬁ?%h@d}ﬂnﬁl‘%h@étﬁggeometry

technol ogy. "'The staining may be acconplished i e also adjustingthe
ext ender t mfahestreant (thatap e Gitrehmtmatohed dommtingiynap hermost optimal o Thisestream-

applications this may invol ve addi ng,_approxi mately 20% egg yol k content in
a citrate JoptghedepPnidReINAY BRYE oAl al él?%fql.lgwmhar?éWSf??wtrahahvﬂg wigke

spermcells,.d ] I g h - I i t.
SPai n ¢ han orife, AFSUBAEAN YRRAY GALL b Mser Hoighl o/ rilciBES RO Ty tled, ay
This hi gh cope@drahéransesdodrdipaned pryentatiodl sueh us nfag pesentside WhllsSWhich aten t he

tens of mcro-nolar content such as discussed in the exanples bel ow where
38 mi bY o- mnaaslled emtherfelliog sHeamhnd guslike. Jt miay alsede dssimblafo prpvidg dimepnting

2t 2ac to et RLafS bYApERerR HPASARNEIPal REHAB Liecs SEPHRM Yarfibe

sperm cel | Sori@katith. of fthé fubdlid aatdiBle FANRME sifcanrcdeinpd tehwedbllcoted © MR \addiglon)1ihe Of
spermcells and then dilution or extending to the desired sort

concent r at i physishl ehapacesristias &ryhe gassiaficpnigimespaichag telexisyag tuhe (daseribed as a

acconpl i she Sortin ccording. to .the var,i . Lgue i sed e i.er
may then be%ﬂ:cc?é}mf g‘ﬁglcfug?)o'ﬂ‘? f@ﬁeg te?‘ﬂ&ggﬁu?“s&tﬁégtﬂ Eem’rezncug\?%gg ’inﬁtepﬁgs"a‘
col | egd i on pKAsigrendfo Whithi the e€lis2d not 8tidk) dut-6Fwhith Tiis Wad8 2hd @fifke. (These

PCTI US98/ 27909 earlier, the collection may result in sanples with

appr oxi nat engterigh epjipny erdwell knewwe fardhe bhi diglcon dehedn Thus dhe aamigings andétci es) .
Thi s sanpl e .t hen. be: concentrate abo - 1.l 1i.0n er L ls [
it hr ough SHECGELARHTERRER Fy6 B SR rmdnto a2 RIS e Rag i tRE
preserving deligi & also can serve, by its size, to facilitate collection of adequate numbers of sperm

without a significant dilution effect.

25 Another aspect of the collector fluid (17) can be the fact that it, too, may serve to
minimize chemical stresses upon the cells. In ox{le regard, since it may be important to
provide a nutrient to the cells both before and a&er sorting, the collector fluid (17) may be
selected so as to provide a coordinated level of Autrient so that the levels are balanced both

before and after sorting. For bovine sperm in which a nutrient of egg yolk citrate is utilized at
\
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may be renoved. A final extension may then bi acconplished wth either 20%
egg yolk citrate 5 or a Cornell Universal Extender or the like. Th@ gaiNelX?
Uni ver sal Bwioandsysémay have the fol |l owi ng conposition for 10G6@&Tndsosizhed g
sodiumcitrate dehydrate 2.1 g NaHC03 0.4 g KC 1 10 3.0 g glucose 9.37 g

gl ycine Qb gbrédnt biE yalkileveF,at hat(9ées discpodrkd hanmiiiding 98ix pednitggofolrbove
preparation and about 200 ml of egg-yolk may 15 be used. After this |ast
ext endi ngitrge fayeb(thatlis 5ixpernsat eagpelk gPnieRtGp agHvate eolutien)ipseyidessgoodgewlts.

Thi s sanpl,e may the coal ed to. sl P bol | and.to perm-t
use over TG Ger asEnteelangfolnfs HRsfing HelobSahReT e LRLA AehE SR BEOP T e
be used iffhi@yi 7T Wedydtar (befdrd 8brtingF SAThEbOUOD P bOvSIaRRS T sbAMge Vet thayestid N

the art well understand. In bovine sperm the sanple 20 nay be diluted yet

one 5mor e abputedaublet this videme Gandifgsat gleree simgs the initish stapingvadumelowish serytiitde
diluti te, f.f t h |l Labilit d i t
oo b AR SR RS et b o, ™

smal | er SROR he Mvel BEIIRARRIAL b t?@qahaiuq efBfmaibe BHGTHEA
| ow dosages o‘f’%‘?ﬁ?ﬁ‘i‘?ﬁhﬁ?iﬁhﬁ BVSO, OtO sperm pfe)d(ﬂgg 184 m%r;ay b'gagcﬁi@\%ed

Fur t her noo ¢he startingyesnlt, nesély Ablopercentrag g yelk contenting ciwite sehitina Huplodben at
approximately a five 2 erce | evel. t hough the results of this.
requi rené’r‘?f”'é?sé,“v%llf’e%rig@r#’? c&l}ig{:&{_ﬁu‘lﬂéws)ﬂx&y c Fﬁ°83§‘p‘8a8ﬁ%ﬁf°ﬁ’§¢"teﬁ§wgbe

pl aged i Rofle&bs ﬁMYd;e%r&&ﬁed Rl isfiatdndbd Wiherd matdl a0urRAtoN&Kedmuilir ansport ed

| it . .
to the cows or heifers to be insemnated. In order to achieve conveniently

ti med ar teniirciraénti s ¢is matnanit ey feeve lormipgnize thertirse ard cliraged teybkradni zed

usi ng known techni ques such as the .utilization of ost agl andi n F2a

accor di nFOBWosiHop e i %EE C%@ﬁ gre R‘ﬁﬂﬁﬂeﬁs'rﬁ%ﬁﬁ&rtﬁ?w%@ CRFQNIENIS IBRY Bfice nay
be parti . | i "hﬁse sIneP&t e ' :

achi eve ﬁ%}%ﬁ{%{gyﬁ ?{ é#?ﬂ fl?(%d{/ e?lttr?nﬁgﬁrfogr S asx Qgﬁggjsseg&ﬁﬁl%rgﬁ&lﬁﬁa@h%t po‘%
99/ 33956 beirfy ribietly @A0miding thetstretdSO8Y1HCR 0® cels astsobjeated iahafi2éme ithearrife | i ty

Dru‘g in Dairy Cattle?", 18 Theri ogenol ogl';y 245 ( 1982) hereby jncaorporated
by Fef er vele: Fupthpmnorecsinne the iitial Chamical fistanes ¢RisHi San e vanes @on 1agange; gy

oi tuati one BREERFal Yok RlisEh HETRRRE RYER valids BTE SRR akibE
I nsem natcoflectivayfliil @Avibshnidit oFpPiricisad hithesangyhalkdibe varied so that the ending result
is the same. Thus, prior to commencing the sorting process, the collector fluid exists with a
six percent egg yolk content in the citrate solution and afier completion of the sorting event
20 the collector fluid—with the sex-specific sperm—may result in a two percent egg yolk

content in the citrate solution similar to the initial nutrient content.

Note that in later use these sperm cells may be treated to a 20% egg yolk content in
the citrate fluid for other reasons, however these ch’inges are not deemed to provide stress to
the cells as they are merely a known part of the total insemination process. While naturally

25 the levels may be varied as those skilled in the art readily understand, a 20% egg yolk citrate
|

|
|

buffer may be constituted as follows:

I. FINAL COMPOSITION:
80% sodium citrate solution (72mM)
20% (vol/vol) egg-yolk

30 1. PREPARATION FOR 1 LITER:
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5 use of enbryo transfer equi pnment wth pl acement of the sperm cel Iz gdgip 7002
wi t hin the utewoOrw/3pesens. This may be acconplished not at the peak/uvsosemios
as typically used in artificial insem nation, but rather at a somewhat

| at er nmoment suchyas 1Qodnachraé t@ntibmat time since there is sone

possibility that fertifjity ¥ SearAd &ff odRkPditrh RSB R Ak o¥s)' :
slightly later. The utii | zagl}?gg\%fvggam gka_nsl12 ersglggui pnéﬁ?’%obeﬁﬁ?gdn a
C

. m O f1h :
because there may be gh sgnsi,t.l vi ‘{, ! r f uch | ow
dose) sexed i nseni natir%ns. /gdig 'Pﬁﬁf ﬁea%(gmﬁn‘%%é% }"Q]ge E@béc{)nd‘g{ %‘ﬁf"@e‘
achi eve hi gher efficiehcy pt'dBser Pt gszw&ap_gcbgpghiﬁ)&presﬁurp APt least
now i nvent ed which permt h:f(bwl@'é"éed sorting and | ow dose insem nation of
sexed enbryos are each al sa.possibloslava salutioibbsing consdiéensde minimizg peaporation
superovul ati on may be achi eved bifoasseowér)a superovul atory pharnaceutical or
by any other 1 S technique.b.The Bepaefl thatatey dpésaaarboid utvagal nmay act
directjgy or indirectlyy suqijo@%lgw] QY edbr tenfknee of reactions to achieve

a greater than nornal §r°db§tﬁte°§}af} i£998¢ cdtigo&aTbi nation with
superovul ation is surprising because superovul ati on was previously deened

to hinder such aﬁonbilg%}i on. S(Ferm transport is conprom sed in

superovul at ed cat®l e, , PIEPATARYS were frequently artificially inseninated
on mul tiple occasi ons and/ dPPiain freshhen|gsegs 8§’e"’sg‘2§’I€31 “é’é‘?‘FE‘i"fF‘akép%F?‘ggs pri or
procedures for sexi ng 3enenWaeh thereggafieq of dirtd|dg\pot pprsioemych detergenhanst rinse.
interekt to deternine Fertilmmese oggsriat’é%e ethanot faxr 23§ nghwes.nseni nati on of
superovul atory phar macgut i CRémovcdiedgsand kBbiv §d dityl (orvipesdriyyandedtoredn a clean towel.
hornmone) -treated cattle with only 600,000 total sexed unfrozen sperm using
t hese newer conmbisati : i By exanpl e, twelve Angus crossbred
hei fers were supeér]'ovuloéﬁ}f@%aﬁ(gfm!s naar? %? procedures: 6, 6, 4, 4, 2, 2)
2, and 2 nmy FSH were i jectlzﬁﬁt%EFa ALE]Ass U%at hal f day intervals

begi nni ng between days?-9 andy-fiastigp (Ronselygerpl factiop) e;. 25 and 12.S

prost &l andi n F-2 al pha wera i njRlaee80q mi pEhdscaidium gitratersolution lBtaHr,T&)Octh h
FSH i njections. Sperm from bul | sgrafuatekeydimdef ertility were stained with
Hoechst 33342 and then sortgd ushngbiatidlgvel fbd theneyebrreiot témainingRidtidh (A-

yi el di ng 700-800 |ive sperm of egghlion§sf heexteAVeR nRILLSAHIHWE LY was 89% 22
2 8 Jl, ~w 2002 WO 9913395G ; PCTy US981J890% 1000fg/tdie desired sex. Sorted

spermgypere concentrated to 3.3G x 106 LTl
for 10°mn, cooled to 5 C, and lk)sl(ItoreE.é'Ztﬁl.&l eri%

rifugation at 650 g

. " - opeot] dJ%éereloa_dedin 0. 25

m plastic straws; half the dose \é\ﬁlze 'rgﬁ% ?g&fs‘qegée{ %gﬁ?ﬁgﬁ%‘ﬁ%‘g&’ﬂg?‘g%‘r )r20
g

to 24 h post-onset of estrus usif ]

sheaths. Enbryos were col |l ected by st%ﬂ&?@‘%ﬁ“ ur gi cal procedur es at 7

or 16 days post-estrus. Reslilts ﬁ%ﬁ@rwmswm@am@éwdaapmdana.%@odlum

ol | ec30 ons and between X- and Yeigetet wath 2p%rage- Yot apdantibéotiesag cancenteatidnsom
hei fers. There were 52 enbryoskddWaate, bethod-tbxidtalbulbEpermt nor mal st ags of

devel opnment, 13 retarded er@pryosE,@t@ﬁide%LaMBég‘ageuloivagﬂgm\éagodforty-si X enbryos

were sexed by PCR using prigers F SEshf equence; 43
(93% were of the intended fggx. baﬁgs%%ag}gétgi E?ﬁ] J%i){tglgg%g?f ew
animals, surprisingiy, i nsefii nat1'on" o supeérovul a eqd Kaifdrs with onl y

600, 000 total (live) sexed unfrozen spermgave simlar results to co

venti obal procedPes. Tmrddggeoyalk &a bHdersd slutiomyhefollgwing procedss weoresdvell.

i ncl udi ng, but not |ini.ted Wash egg andwjeaniheegps (ercHdebevedn f1 ow cytonetric
freans, achi evi ng superdvul sdpaneggandtseparateynikcirem alhmisasingg Yodk séfarater. i n

ot her manners, and the |ikeAlternifivelty,pout halk batkhandcfonttr24® times bétweeh lttoctsvooial f
Sexi ng sperm based on DNA cgeiienDp rat glptirp @ednéthbrane yfcan@teryaslel | sorters,
and prggedures for insgm naphaomesiofiesmio WisteHiid UG oft i5adin AiRey PAPert ot al sperm
wi thout conpromising fertily l¥lth@ﬁlt&ﬁ&{%ﬁ}@@ﬂhegﬁmtmhﬂﬂ dnaifthg BukikARle

8exed senen industry in catfl e, tb@g SU4ESRL Srembisie 3}{4 lo‘p%cay&%[dgﬁ
Qf applications for spermsé%e a 9 é’ccg 5%5 i the b1 e sIORT- 0 VL?"II?
I's inseminating one subset YO the g %%}jﬁp i SY/ A flet YR'E} yfaé’ﬁﬂ?
herd repl acements, and havi®yofthe yo Obtanadfrom OBE £8E-dai ry and beef)
bred to entirely different types of bulls to produced nmales for neat. A
very inportant subset of the above is insenignating heifers with
X-chronmosone-tearing spermto produce fenmal e cal ves, which have a | ower

i nci dence of dystocia than nale calves, primarily due to snaller size.
Furthernore, proving young dairy sires would be nuch nore efficient with a
preponderance of 25 heifer calves. Having nore than 85% heifer cal ves al so
makes it feasible to manage dairy cows so they average fewer than two
surviving calves per lifetinme, which is attractive because of reducing
probl ens associated with gestation and arturition. Single sex systems of

T N o o o s =
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2 a ~~~~V 200z WO 99/ 33956 PCT/ US98/ 27909 fer!ti lization and to i n\s;grgp *-'62002
COWs super UJ,@%% for enbryo transfer. Frequently one sex qQf cal ves !
consi der ab g) val uabl e than the other, and although accUFA{ ¥R PAdvds of
sexing | enbryos are available, they are tine-consum ng, and half of the
enbryos produced are of the less | valuable sex. it is surm sed that

accurately se éethF - wi-del Lticials ..
i nsem nation %‘?&g at ée&t %}l{hﬁggglg%rﬁgy glutﬁgﬂg{roglg f%c\gér% Gf t?)’\l?v&) léér%(ki‘ﬂfl ré‘r%tn |"f“|1 fsyt h?/\t/as
only mi pifmailizing 1o dpsoainsents offwpenirforcatifigial disehmiedtionadrt the 1ikes eAtditibasl

artificially likely would increase | substantially with sexed senen.

| nt er esbPAEETQUNd on the aspertaf sexederrifigial ingppunatipnmaske found inBrasenjs {or Springuch
i nsem nai b , i i i i t R e r i ne
nor n bortafaBef SfEHR, by JRGEP, Al SREERNEE T SRRD . CBrALDERI,
t hes sanmirisersityBrebaf1 982 Litkiretyy ihenrporated\by refereticé.f As arendofse, wetaral inseirisdtionand
contra-lateral insem nations when acconplished deep within the uterine,
horn. Byn\Riegs numbesyRfispernp an thrgarAet A SulionsQf spram. A ¥picsl astificial ipsempiaatiopis|

: 5 _ g : ar, i _ f
1 BRI L e

cont r a- Ifgt &fiithe spEeRA] B3ithe RFmtasw ldest titie npagsHat the ﬂdﬁitg'e Of Spdrfh WI12B8 $etHehe
use of insemnation in |5 both so that the process of identifying the
appr opr iiegemivatinn eventase hessrihyanomethat{ge preferablycyen less thag aboutald)ih of e typieal

RGO o dumb ok snerh arovidst e Sun e sl UBbrifhER e bt e feBR I GR 4885
earlier i R Bwbdf tHe sorﬁéxtfomeg?ﬁeﬂ aftIRI Vi SR ARAAIRA dobdge TP AWoths 3h 28sdifite

under stood that the techniques the present invention may find
appl i camnuorbern For hevine sptmm gess eurshting th difr mdbopisperimare miroidedyra, lov dse

have. beSROGIR vt Bricongiiefd aotbsas inutbes SE AERY S0 DOSpert e Pirbaasny & °
descri b%@o,@@bgge&m&aaower. SIAGUEL! Mo AL ATRACT (RORARGEABRYrShPRR R i ehfibRugh

differing aspects of the invention. Furthers a summary of sonme experinents
i sicont-artifdclal inseiménatiohi witk gdodepdrcantddes of |suseass ims i bean chowai wehslevéls ofVer y

Low Nunbers .of _Non-frozen_an 5 ed. Spernm oa" referenced earlier.

Thi's ar iRemAnaticmef ey a&éﬁ%gg‘f a@f@%@ﬂﬁ%ﬂ% 2 0% F7SPELHVebr PregRancy
resent _j.awment i : Jihe i ; 1

Cexed,  CHPYCE: Sn i tne IO LA AR AR M S A USRI S L0 Jdfers,

?. ~~2 W\Of Didvh3B&et aRCT XV erm Mo Lo i\ Mitilishell iAMG Ehehiogdneiapy 123514997) hefebgge

and in noderate body condition, were synchronized with _2,5_rrg of
pr ost agliBeaaperatedzbyiefarencg: Sincegperm selts apREA 19 lisRlayssangitiyity do dgutien,theset or

i o acsult By M b B beriBh e SRR E AR AN1OMABY St Sl ©
TALP nedegards e varidus &chditfues Spthepravertdnsantivad Thy absotute humbesanss be spdchea

basis of epitlourescence fromlaser excitati'on at 351 and 364 nm at 150 nWwW
usi ng a depsndsnt | Earegying sreactes, merely les thag b dwsntyriye-fendiyen e evep@ng illign2. 9op
Na citrat, . i q. me- bearing sperm (-90% pwity as
verifi e%b%@ﬁ?hea?g)r%tacﬁ)ﬁsdhégggé%%gggég{é?%ngal iquots) were collected at -SUO |ive
sperm sec info 2-m Eppendorf tubes containing 100 10 Itl Cornell Universal
Ext ender (CUEMth 20% egig yol k. Col l ected sperm were centrifuged at 600 x
g for 10 nin heaspspsevbieh may he importaniig the facs that dhesnerm; sexed fhrowgly the

9T o R o T VES : o
St n PR PEith TechRMbES or olRRASE s il b AR R Byl P
107" pr agieds Yo elyw ¥ion dtertBetniquy thetollddior (BXi8 disebBRgtoide shérfifod apivialol

semen were cooled to 5C over 75 mn and | oaded into 0.25-m straws 1 S (
184 uUstinseminatsmy theiechigeestaf shespresentigvention may brparticydarly relevant. Further, it is

aftor sdperhs el B frmana A bR driid vl WA g e b8 fod g
si de- opefvitgnmeemay'Rakiher 6ﬂeMé)s§maE\i;esMich rfikes Aed o WechiiiqReSaCthe Pregentne

horn (3 x 105 live spetm heifer a standard control, senen fromthe
sane bulls had been frozen in 0.5-ce straws by standard procedures (nean
15.6 x 10~ notile sperm dose post-thaw), thawed 20 at 35C for 30 sec, and
inseminated into the uterine bony. Tredfnents were bal anced over the 3
bulls and 2 insem nators in a ratio of 3:2:2 insem nations for the sexed
senen and two controls. ,Pregnancy was determ ned ultrasonically 31-34 days
after insem nation and confirned 64-67 days |ater when fetuses al so were
sexed (blindly). Date are presented in the table.




| TreatmentNo. Heifers bredNo. Pregnant d31-34No. Pregnant d64- G/N@ § evsl 02
f et uses2SSexeenmBt520 (449 19 (4291 8 (95% Li qui d control 28 Su§miboyS
(549 8 (53% bFrozen control 291 G (55%1 S (52% 12 (BOY% ''b Sex ratios of
val ues wi t hydbid&H siHic e apstopRae, NdthdllyREQeRd) spefhl AAUE udIRRd RoBARRRE
rate with sgxedt se Hcm&gfgﬁﬁb%% of con%,r_olvs, thips‘ di fference was ngc%t ngn
st ati sti cal drtifisiabjinsémmation (mede, Hut )n otBaetephriguesrsuph asm Vitretferijizauorcatd tha like.
each of the sexed and frozen control groups; 18 of |19 fetuses (9S% were
female in tie sexed group, and 20 of 30 (67% were fermale in the control
groups. The |iqud ' &fd @vetitdiNahdenih ARt f

rate to the frozzﬁeéggrﬁ%%ogﬁﬁto & %;dorﬁ{]%i n?n‘é (gl\l/ellr*qSO t]i ne drrrloca?léamﬁéﬁgpgmg%élrs T
(over 120 tdfmiswy aPometr9] & oth@reepdraticieromstng tinvidvdsheevasiely ofstypsofin tievedntog of

insem nation into the uterine 25 Z.S ~ua~,z00z Vmé 9/ 339~G L
VG 1§ 1.9 Smving eominabies, firehs spmemis callsgion o e bulk thpugh the pse ef an artificial
significant]y.usi I I Ly 1 1.natl.on
S ot oy e A ool L Aok BRI DBHNRAT B birafl Yhid RAEA Y be

and may be diRBREG @RrolglRSthE OlskoyS a BpdckAphbtometr Tloe assbise cohosmitraisn tahd may be
determ ne pregnancy rates when heifers are insem nated with extremely | ow
number s of micsesnepispldy evalualedity asseredhatiif Begts APRIAPFRISTROtIY MG wigkilin siandards.

| -iol stei ll.s.of ab fertility. - i
w706 o1 SEL R mAAREE R MEEY sl b el B ABL R S RUBHERN 665 70
10 1 €5) S5 perddh oPthelfogrebsivdhy hoB gt ﬁeﬂéj@bul&ﬂéerF‘o'r@r@ﬁési@g,&%i[ﬂtioﬁﬁﬁr@ﬁgl& of

straw and frozen in noving liquid nitrogen vapor. Senen was thawed in 3
wat er for 2®nmeype RALP(Girodetadbuneindadtatgpyrusalehbmay bageedisi get tregnigsigersiglspegm at

were injected with 2 rostagl andi p F- 2-.al pha ut.al yse~), ta a
O Gy ot o amaasable Fve bk vt e o Do reRi RGBT 1 d i B By, TheSrAle Rot onty
si de- openi , f L4oki j; N pls
54 oftor MrRlREehEspdtf Lolfy biPmag Folke Lnerd BoRer M 9208 b (b3l SRpN Flior 6

over 5 nontdisinid)dn Remanpedeoneh dswheicqarei spatiegncenatfpationamay bendricemiplished.
tenperature_at breeding was frequently -10 Ho -20&, sO care was taken to
keep thserm Statningmaybe sreemplished Rrcosdigd iud B tisldingd OB FIRBISRIRGA Rratoseh thsrlaker,
a viable fe i 0- - &St i .
5562 days DeSHOBEL Bt SpR3RK s sk oM HRRloRg T FnR My BR akddiilshed
Day SS-62 pwkijeanocyadhatifg tveeaerfet 16 3reaf3te appiopiiate, ntrdedf) envivodméay. TDBoyind
% for 2 x 1 b, 5 x 1 CS and 1‘18{_1’)5 1 (4,tot<”ill oﬁgernﬁnsen‘i nate (P<.1 ). .
Pregnancy rapplisatigss ghis praydnvaive adsing)approxtpidtehab toeggowlk gontentn agiogte s¢jytion

(6506 tor 2amBEIMefy AL sfoftind Dot o BaipiBg B S38ich 368, 1 i heBR Blc e Bt by
descrpbed, wigghamhey amdhfs of stdieiaermighe i@ sameickent he ehpécted Bétter aexiltd Gnay be

106 total sperm per insem nate. An experinment has al so been cgnducted on
sexed unf r odvevsfeThisdigh sonpgatratian $ANGIBRY Byolys UsHIg ApRuntsef stannpithe tens of

Semen was cgllected frombulls.,. l.a' g]ﬁ APET Ald i
1:4 with a I‘—_‘i5§'§3°§ﬁrfcf) 'éﬁ'egzas ugé’( e%lgéursgg lgt l?ﬁt)/% ~ ﬁég%g{v? P@%s por?ﬂe(gxﬁ%?}%wﬁg of
HR) to Bel tHgedHse33MBreimnds whdre it was sorted at anbient tenperature by

flow cytonetry into a TEST yield (20% extender using nethods descri bed
previously 35 (Biol Reprod 41:199). Sorting rates of up to 2 x 10 sperm of

each sex per S-6 - - 9009 ri - 1 ; : r
by centrifugati o'rtl\t&f g%jéimgfg tﬁ é%tglﬁ’ !lrrll¥ %ﬁ%ﬁﬁgh&i@éﬁg&g?@ﬁ nch%ﬁg&%ggﬁ%hv@re gﬁmr
sort ed5i nt oate3deend @hstewiealydiupakb ot cogoergrations atadbopt dSframillioredperm cells per ml.

concentration, 5% . Sorted spermwere shipped by air to Colorado (~2,~00
knm) and st oFidiatien siaythen berbccomplished tongsBioye flempy of epqrpegiisgand ihem gilution or

shil ppi ng Oé’ﬁéna@ngh{o ti)endc%{]re(F gl)lH 30§1icaﬁlra’tiof’i‘9f Zr?proximately 100 million sperm cells per ml may

be accomplished. Sorting according to the various techniques discussed earlier may then be

accomplished from which sperm cells may be recovered in the collection phase. As mentioned
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tF,. Z 8 ,l~r~ ~ ~00~ WD 99/33956 PCT/ US98/ 27909 insul ated devi ce @ §hjian 200

i ce-cont ai nj ~ artnent). Heifers or dry, cows detected i 11t0
36 h earli %B%E&gﬁ}%sem nated within 9 to 29 h of the end of P’?ﬁggg%)g%&}

et g e EuTked i Sr3S TP e bl B SR G Reblel
determ n%@nénb%fox%&v’i SPLdIEL) AT hisREmpleMRayother BE BdticBAkdieNto BDBME 35 milfloh Sp&IES

became pregnant when inseninated wth sperm shi pped and stored at anbi ent
t enper at wels p&f mPOiréughethe ssel ofxentrifagatiwnwaitieh wiigshy the slrathefluid and Erekerving fluid

shi ppi ng, 14 were e ngt at 4 weeks o estation, and 12 (419 at 8
‘weeks. EITAYeRF I5moy ‘ggﬁ’P SqeYy \?ff‘f {ﬁ’ %:c%lphslaeﬂ ‘Y‘ﬁbﬂ*&ﬁﬂzé‘ifo eﬁ&r@%g“%re
10 ps egnapty @bnfRiVERKSrsaltibite b Yor ithdfikd. TRE €BrAG! ERlivefsal xitnalt flay 1AUE kR0
was pregnant. There was no significant effect of adding semnal plasma. One
of the 1Jolfevingemmpmsitinnforof000hel: predi ct ed sex, one. was unclear) and 10
were of the predicted se{, as geter.{p n%%ﬁ ul trasonogra~hy at 60-70 days
of gestation. Subsequent ‘};S,gég RGPS A HUPf ers were i |seminated with
0.05 m (semen 15 extendedgdNafeQcribed above) into eac~ uterine horn

W t hout using ultrasonod?4giClonly 3 were pregnant 4 weeks after

i nsHEim nation, and only 13.0gmguaveel pregnant at 8 weeks) However, different
bull's were used from theg.prgelywitse group, and all insem nations were done
18-29 h post-sorting. Aﬁ.gﬁggit}ibgaal 38 heifers were insem nated sim ~arly
(-22 h post-sorting) 200 km 20 from our | aboratory with sorted 'sperm
frort~ another bull; none of these was pregnant 8 weeks after insem nation.
To sunmarFor 20% dggiwlipamyidsition; 80@athioéatevp pegpazation esd about 200 nd of egg-yolk may
artificial insemnation of spermsorted for sex chronosonmes by fl ow

cyt bﬁmtr}’,e“é%l the sex ratio of fetuses approxi mates that predicted by
reanal ysis of sorted spermfor 25 DNA content (90% . However) pregnancy
rates varied greatly in these prelimnary experinments which required

shi ppi ng sper m hantisdagtlerttading, Fes Sinillioh seengrs el (fbrasvireabksied)ymdy result.
post-sorting, i but there was sonme confounding because different bulls were
used at * {Thés stinflementhenibresoled o slpwrthe spramesmatabolur gedito perandt usepvaelonger
whet her var.i ati gn. observed in pre 3 J

i 11 or endBtod) REdnfnaft B8 S frels U6 b dpeth el g 1 Uihlesay or otber

i nsem natihminfionPr&tREset acthossskillddriatheyart woll xpersian@nln kv dprémpMeRample
conducted with .unsexed, unfxozen spermcells and may be reported as

f ol 20ws: nEyAwriluted yeEorEmors imedp ithecdesiied dasagrdews! rithas peeaghisearsred that dijpion

hei fers were insem nated with very lLow. e; f. r.m under. i deal .

exper i neftH C’E%‘ﬁ (?f‘te?@ﬁ[s‘?pogéh% FPWO‘?%I] k W'gge'ﬂﬁoérg‘{ Sgol 1§ %ga& ReaPREQPTialy O ayQif (o]
~ornel | Yy gnaal ofaihuBibA 8y pRIvidin® Yamanesemples Fesyatdess, 6f thé BebatAioh t¥chHimeor
2~.5 x Iwg spermoper 0. 1931; ZH% X 1~ totgal sperm per .2g®m :/vas usedleas
a cont r olusedsuat pyesent; lemddasagemdrapproximatelyaP9P Wopenm pel-1 84l maybedchpivadt i ¢
French straws to deliver the 0.1 or. 0.2S m, insem nate doses. Se

Cool e+ §uBBemRTe,CmaY Sp despaicPBiintis § et SRR BliemA SoPproRTRey 4155 -
~ ~hsfd Lidvell’ h@%@fﬁ PARD B (188 FeqhiBerhent®e Ot (VB 9EH. "Phe SkrAnGik g
wer% i nj é’g%%g \l/ﬁcﬁa‘ZtS tp‘fzoésgt%agl at ui i r? F?Z al pﬁa LutgfyéeU) at %SZE-CI ay

i nt er val speninien neyrthenciequaced fitha strave fdyugointartificitldnseminationgod naaycbe transported

si de- openi sheat B‘sipto gne uterine horn 24 h after detection of estrus.

| nsen nat'? &1 SN ordeliprsd pe mseinaied. sj de with the largest 5 follicle
determ ned by ultrasound 12 h after~estrus; |side of ow ation was veri Fed by

detection of a corpus luteum by ultrasound 7-9 days post-estrus. Pregnancy
was det er nmi nednloydeted schieve comfententlg ttinsedmrtifieial insaoimdtid -héBerdarymwpestus may
estrus. The exper.i nent s done in four replicates ai.d bal ange ver three
e natie SHRReHA IR no PR Bt SHCl Jhe WD efien BF frosBeliom B acsoie o
of 365 habi&hiiqhts AHaiGyn RUAPAL STREIAer ARARGNGMy bEDE]CHENF vARADIN that it
identical for i1'psilateral and contralateral 1nseninates. Prégnhancy rates
wer e 38/ 9ids bédn Péportdbiodbtdnbiatiy aclanve @ivanéed(feaMty iroheiferasidiScusedbinghd afisleand
2.5 x 10~ sperminsemnate (P> 1 ). There was a significant difference in
pregnancy rate (P<.05) anong technician, but not anong bulls. Wth the

nmet hods described, it may be possible tgzdreduce sperm 15 nunbers per

insem nate sufficiently that sperm sort by sex with a flow cytoneter

woul d have conmercial application. As nentioned and as can be seen fromthe

various experiments, the field is statistically based and thus a variety of
addi tional experinents may be conducted to show the appropriate



combination and limitation strategies. Thus synergies anmong varioug &fJUEct7§0]
wi I further bgdsshfdentified, such as instances in which the dyepg39s,7909
ffects and conbi ned dye effects with |aser excitation nay be studi ed. the

di scussi on . i Nebhi y [ S| e [
descri ption. %ﬁ%&iﬁ%’g le?““s hc%u?%%%?@qdmtﬂgtﬁ%dé%eiﬁﬁrﬁ)?gﬁggigg? n brrg];l/ereby
not expli ci tihyorpeardibackichcenitiiererthsrepdsdiabt aot maEinairl ties prinive $t B4yebe that

inplicit. It also may not fully explain the generi ¢ 25 nature of the
i nvent i on arthe passepbinveRipen demopstediesvts partichtan viabibtyy @ gluabers,phsexednlow dose

actually be .representative of a bro £ 100 0 reat vari Q

B tornat i ve BPUGRRTL ok POuRe sy AR YO el efipPaeBimplBhedipugh e
this digcl osgseaf MRYE thhisiet BYRPIERANWItE plitemehtslih Bpetaycdliateep vatHi®the uterine
term nol ogy ) each ~ elenent of the device inplicitly perforns a function.

Appar at us clherns s may bmkgeameplished nakdt ther Peakemgaignt as diealiybusgyl ipartificial

al so nethod .. 30 or process clains , i eas the.functigns
the i nvent 1 dheinaRios hAGRERE i SlRnERY t? mohfint st b 23885 &A% bk Sig %
t erm nol ogy is SomB eSSty Mal femilitytfbesexed prifielal ifemihfioRtnayhddelr tl§8ater. The
submtted. It should be understood that a varlet¥@of changes naﬁ_ e made

[ g

wi t hout depattilizadorf efcmmbrre transfenequipmenttigay be/sed ibseaussthere manbgdighsensitivigpol
implicitly ipcluded i he . description. They.still fall v~iithin the
scope L‘} thi‘EcP}‘F\?@ﬁWM” ﬂ’cﬁr‘%’o‘f“ﬁ% Sexidq‘gsﬁ'l‘ﬁ‘%'étﬁ?z WO 991 33956

PCT/ US98/ 27909 di scl osure enconpassi ng both the explicit enbodi nents)

shown, the great variety of inplicit alternative enbodi nents) and the broad
met hods or processes aFuttliehé¢hd tedtmiques camooenmatsseditoachielve higlhies effiosenc e prodnction
addi tion, each ?f t he variqus el enents .of ~%§ i.nventi.on and alains na¥)also

be | 5 achi evetell Pagticplirlyethe Ripcessen mRVSIVeRffidsVRIFR Berulhigh s sartiyg and low dose
Unoery oo URsaRAGIRPS? SRED chitfoaald BichoMo Mdsiibleint8TduBicdliaf

enbodi ment of at~y apparatus me or process en gd?rﬂngﬁl.) ’B}Fe

even nerel y sap¥vhRtib® b beadhieved®nisedf 4 hgreovuRasty sHabdaadenticalt orsdyoatlydother
understood that as the di'sclosure relates to elenents of the invention) the

wor ds tor edethniquendihe supeyondatenphassacgutisal avayiaghdisently Hp pndirectly, sueh astheough a

met hod terns -- evep if.on 0 the functi resul.t _is th ane.,.Such .

Toi ol ot sefspesin SFredsiotlachinyka Spdate ilah Yl ok Siilibn b Seeb TR BB witn
enconpassed supefoRBlafles ¢ buthHising GecARE BupHrenitationowagpieldisly Jeefhell té BIMASr SiA a
be substituted where desired to nake explicit the inplicitly broad coverage

to which thic®mbination o SperRn dranspreds co@PIRisgh i supsrpywyted cattlep odanjmals were

under st ood t I i.GNs A : Lar i.n
action or asfp Sh lye?@ﬁ‘a%@%ﬂ%’“?%ﬂ?égﬂ lﬁﬂ l? q’gc f‘%ﬁ.%%§!‘-'ﬁtgi“rlﬁhﬁg!er%ﬁ,weasgwe"'
physi c2d el eaRo] prbSslotstlessfop exinh semad eesd reiulively slowpiprforenitdiscfdateredt to

of the action which that physical elenment facilitates. As but one exanple
of this aspedeterminecfertilighiien watasraftens singledpsamupatinnofsypemonulpory phiermaceigal, such

enconpass di s .qf the act ,of "callecting:. - t Ljigitl

di scussed orasr%o#ﬁ Ltf"?“faﬁéﬁ' gﬁ\?gr%o 5 'trcragédt etrl %Wétnv%}ﬁ&%g@f’@é B?téFfﬁxcg H&ﬁ%et"
of "coll ectigpgm uﬁﬂg%ée%%é Soibifatidiost iscHagquender st ood to enconpass 20

di sclosure of a "collector. " Such changes and alterf~ative terns are to be
understood to be | explicitly included in the description. Further) it
shoul d be understgod that in addition to th l.ai s initiall resente

the clains may be Y/a?‘iagﬁ’ﬁet’ot Y& ‘Aé%gﬁ%cé'?i?éfe? gﬂg‘i’%s‘gerﬁtsuf’gggi{l.apqd) “88%isgdé‘§lard
as heresn digsbanrd: 65adecni Hadd 2inig FSAvdre yel Meaiasulsts sl 1asethyandrvals
described, iii) simlar, equivalent, and even inplicit variations of eacE~
of these deegimning betwsendays 9 and 12 pb8e estsusgycls; Fatandd 2dang grestaghandin F-2 alpha

acconpl i sh each .of e .functibns, s r i nd.d i ,
fhose.al ¢ or nap D ssisdl dnABhirtRE R BBL A BuR aa o sBF Rl Rilar SR RERY vifls of
functions shaihodsm REditl PéreCstdindd withao8RhbtsIB IR adndies Borted dsifig laofoRIoB flow
descri bed) vi) each feature, conponent, and step shown as separate and
i ndependent ®teraeer/eshisoreryieiding 100e800dvesREM-of A3rk 83X/ s5RsA yerage sort purity was 89%

|
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| pernutations of each of the above. 29 V\(jl 99/33956 t'(." ('/Ubz~x7~=11'
To assi st %#ﬁg?{étand' ng the invention, a variety of publi ?'-&Rr fgaerJ HcdB0?
may be | . "hel’pful”. These are listed as folloi\/vs and are herd E’Nﬁ%rated
by referepnce; however, tqQ the extent stat t ] ght be nsi der.ed .

i nconsi s‘?‘gﬁ? degirerh seh Sopte éﬂ?ri”hﬁ‘:’&fcof’?ﬁ"’i“ﬁ[‘ﬁggg'%%Hﬂ/nkﬁtsf’m?‘?gﬁ&ﬂ“’éf‘ﬁaﬂﬁ’éﬁf s
are expr : joC(@r eThan | i ish:25R tal |y
5 hel pf u?ﬁ)rgg Oeffeﬁngltélg’ c?%(l: u Zﬂ:d%niﬁ?esqd&gggﬁ esﬁ%{} gfntg??gg lgﬁegﬁl‘?blﬁgs@félg(%%%w;
5589457 ; stawhdhdlthe idos8a3imgemin s 800 cach 18506 horr62IN0 24 41 pos OS2 Baf

4698142; 46802S8; 4511661; 44487b7; 4&6 24%{\4339434; 1@76139; 4225405;

- 4191 749; 2uigWala sidepepmEoembg SEEkT S s bry e YssCo! eetsd Jyostansiaed 90n-
3684806; -390 T ' : |

ubt i cai i Aen brobEhRta 7 B T AGEosTRM, SRS LSS bW T and 1§ 1
" Unf r ozercoleetiomiand betweefs3E.anddi-sheled sperm, E@brjosAvdre-recovered@fromkq helfefs. Theaham)

and M B. Cattell, Colorado_State University, iFor Ilins, Atlantic

Br eeder SVeIEoSTRIYQFdMeatyy %\’5@@ Agngshat noppe %ﬁ%’ﬁ)‘? féivgg’é’l"'éfﬂﬂ,méﬁmg’gley‘bﬁ%;
"Artificjal j, ML i L D X - g ' o - L oel )
g Gt 3 \REREEY v hlty S BlorloROREr WP By IECRPEAY pficly It fH L
Cat t el | , chioinosImdepecOfit/ DN A0 seqaenteBid (¥Chnwtedf theabndédsex, AGhdwghattis Sadyt e
University, i 15 Fort Collins, CO Gernplasm,and Egma,te Physi ol ogy. Lab,
ARY) uspnvolmed feskanimals, surprismglhy ARscetion gbsuperoysigted haifera wi rO,nlw@Q%, '080¢ptal

D ary, i n A Ly . iy ) i | f 1 y
Low Nunbl@yg %ﬁgﬁ‘@éﬁgﬁ%ﬁﬁ%ﬁﬁgguﬁ lt%?al gﬁfji‘édj; ?BIOQ@LE‘%A? ﬁaﬁﬁégnﬁ{ nk)
M D. Hol draRe magathoMeBccsmplished, infladiag Asla ndt Ringtedwy, Yorting tirbugiosthetGdlhh iffosy

Atl antic Breedérs Cooperative, Lancaster, PA] DUO Dairy, Loveland, CO July
1996; 2Cytémeldiccmeans, athievingssupgrovolatiomde othar rraanners;, arcreasingnfentalityon atheh

Fl ow Cytonetricall %?rted | and Unsorted Semen," D.G Cran, WA C

McKel v' RPN an iui‘lf"gl,1 ®. F. Dolman, T.G MEvoy, P.J. Broadbent and J.J.

Robi nson, Mastercal f, Craibstone, Bucksburn, '@ Aberdeen) AB21 9TN, UK
Scottish Agricultural College) Craibstone, Brcksburn, Aberdeen. AB21 9YA)
UK15 Ther i ogenBirtgy, th&egpegragice of tothpdnes seiving spergcbasedion OINA tontentf kigh spéed

o T T e N bR e N e
and M B.gpeptht whthout¥anitonffRE REGGH 1B réttteBid me%%mayommb@ts@&%%ﬁaf ado

State University, Atlantic ~reeders Cooperative, Lancaster) PA |
Ger npl asindustyy iGaaeteovEhins fowggsrsL Bheve aild by a ARGjaduEpplidtibnsfor sperm eRedat 05,

Capac: VRSB Bk PR i 0541085 Bapar aAiing gng Ssgt of e (ot dairy and
SUSKO- Pafdel | t Lol
ugdo %Je?.sfer fMidle h{!}’ﬂegracemﬁs, Nndt havihg $ite cdrOBas SUBREE (b8h d;ﬁganaraee@gkéaa.

Science, Udiversit o consin, Mdi ~on, W] 53706, Bi ol og Repr 6ducti on
38, Y 300 enfirdy diffdrentrtypestPil D Hidd8&A56alPCor/md@a8X R&YAthpditadi-sibsB@f the

(1988); "Prostaglandin F2a_ - A thﬁ'}rlity Dr g In Dairy Catél e?", KL,
Macni | | 2PoXRds msamipating heifrpwith 44 PH&SO‘R@'L& N PSP gfoduse feaele ¢S,

Ham | to I . i . : ; .-hages
b o9, WhiHNaCE S RN IQEEASUTIY RN iRt B P0Gy Hifmari(Flane 48 shibiler siz8

Uni ver siFutthermeé@sprofingnmiungasirosites twomid baimadh hmory efficienCoithageepmndsianes ohar y
Medi ci ne and Bi onedi cal Sci ences, | orado St ate Ug}'_éveé‘si ty, Fort .Collins,
C025 gosXwiiehralugs- Havingmagre than &0 vhiiten frfvesAlsRymakes igigpsible to panage dpiry cows

"Ef f ect 5.0 i . dar sy i nd
Viabi 11 15 b aderdge ekt fidh BBt libe BVECRENEARE, FHIRTE AcRY Bt eor 0
and D. P.redudng @uobieghs MsSociap rvitlh ;gestatiore asdrepattunfiorRaSingledsdRosystetipe pfitbieef 0a

duri Cel | - ti by. Fl t rty”, R d. Dom Ani 0 : 251,
0o pteion o Veld Sxen S o S s BB ik iird
A t ' ANEL] : . ar k—@?h :

I—|orrID'ltJ 2 ; S"%"Hgéé"ri 'B’rdej;g%dégﬁéﬁ’ g‘ﬁzkﬁé%é‘mﬁﬂf eerr?/eﬁga\% f SgrE]t;mttFlgngsrtz If(.’r

VE80r. 1£3wAiBgndla lowerJseidentuge fonmaingdmute. tSexad sqeen woakdt bouseflnfor #s vithe
context requires otherw se, the word "conprilse” or variations such as

"conprises" or "conprising", will be understood to inply the inclusion of
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15 ~ a stated el enment or integer or group ofJeI enents or integers 12.1@ SR 2002

t he excl usi on !g:p% ther elenent or integer or group of ele
i ntegers. 31 ?,lt“- > at is clained ts: A nmethod of producing aﬁggé%ww

conprtsi~tg.the steps .of. a..collecting sper ells from |l e a~ a

speci es of tEO"t?“gé?é’bﬁeF%’W%ﬁo%squgoé{ﬁfaﬁ g’BHmi’Q'r?ptlmé‘Sﬁeé\r? rsgusityanessnof
10% t 0 about,ipQ%s RbndilEabl ek vafuabRitHarSMheloter SdddSalih8h@h hdowpatd thethddéRIFGALin

insem nation sanple; c, inserting said insemnation sanple into a female o

sai d speci esnlrfyos aiecivaiabie theydre tire«p—p«imsum"rggaﬁdhalé@fghe@n egprodiced are ofithd less
femal e of said ecies, of said manmal at success |evels statistical e

conpar abl e ‘(%“%Pig?‘iﬁ-d‘a'ﬁ spriuised théttqcfjwa{fg% sfd‘@g SeRE S(°Bﬁob&u‘&dﬁ§ agﬁpffaftjgé?ri“ﬁ@'a'
manmal 2. f or i t i js

cai d step oPRRnoR ofERRYE 1 QxIRIIRCdREs URRE Yo Ad  Rublg WS ol hfiiRally
speci es of eanpronmsedal That pescencage sofl e Icstiket inpérsinated| drijficielp dikalyt svoutd increase
typtca), ~ i nsem nat]i on_dosage conprises the step of fertiliztng said at

| east one eﬁ%SW’PNY}WyQiS&x? CB- of said species at success |evels sel ected
fromthe group consisting of at |east 35% at |least 41 % at |east 50% and
at | east 90% 3. A nethod of producing a mammal as described in claim1 or

2 wherein said simgestingdg rathdritisntingenanatingseittiin shd werisabgdyew here isuch ms¢mination
nunber of said spermcells relative to a typical. i } nati on dosa

se e .
conpri ses t#He usyally placedshiampsminatiny degp M@éﬁf?‘ﬁ uterps R%'a ter esvitsipan ge AeHeved.
t han tgn pe | of ' 1 : ' i: '

i nsen‘ilﬁati o]?lgg%gssdglg'es.alé?gﬁﬂg r}é&gﬁ@% to p (l)eégf(]:lll n P%rﬂanlg%‘%edsglgwggzﬁdrlﬁﬁ{a%gé ﬁé’tkvecn
cl ai m 3 whepsil Gnd 8biflraSkatpa ibminaticd wing seértplished deepatithin tieangrr Homt. 0B} deep,
femal e of said species of said mammal and feral i zi ng at | east one egg

Wit hin sai dit skordd be andersiogd spé Hiedasestionsigipdack wedl interthe yiesiag someysing the embryo

statistical] onpat abl t.he typical |l N L.on. .are each .l .
St St sSSP obJRE AR LRGSR B R i e
produci ng acJRRaRlerA $sBRFHtioRERhs 18d HedirdBedt ith&TtSisno pripdsé BFRIsE 0P fnsEmirthtion in
speci es of said nmamual has uterine horns and wherein said step of inserting
sai d ilAsemni buthisotha alngpprecessod ideatifyingiialappropristeiutermedormemay hodanger ibe meeded.
conprises the step of inserting said insem nation sanple both ipsi- and
contra-lateral within the uterine horns of said fenmale of said species of
said mammal . 6. nésgqiggﬂﬂoﬂ e RsOAHELIBA, i@isr@@ﬁﬁt‘scéésliﬁﬁiﬁit'alﬂeaﬂidlﬂ St 18é Hisdred sex

wherein said fe sal d species of said manmal has at |east one uterine
horn and whisr modueedi Thid apmalfmayiseproidwgdsacardingde thesysieors dsoupded darliap tiraiigh
femal e ' of said species of said nmanmmal co i.ses the step of insert.ing sajd
i nseni nati o eéﬁﬁﬁ?é‘lﬁ%ﬂéﬁg ey sheeien- Jt %}ﬁmﬂﬁ%ﬁﬁ und _ e A, thst e ot ighs
mamrel  as  d5edrtRRGertidnGhA} Fhd appIREGMinSether tléél.ﬁﬁq&fs su&¥s 84 lapR&cdiic dnsemination,
i nsem nation sanple into a fenal'e of said species of said manmal fi~rther

conpr 28es t dvddedtalpinegminasen, tor thg lda@i d i nseni nati on sanple deep within said

ut eri ne horns |

As examples, the following experiments have been conducted. While not all use every
aspect of the inventions described here, they do show the performance enhancements possible
through differing aspects of the invention. Further! a summary of some experiments is contained
in the article “Uterine Horn Insemination of Heifers With Very Low Numbers of Non-frozen and

25 Sexed Spermatozoa” as referenced earlier. This : icle summarizes some of the data showing

the efficacy of the present invention. As to the exﬂcrimcnts, one has been conducted with sexed,

unfrozen sperm cells with high success as follows:
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8. A method of producing a mammal as described mclaim®6 wherein sapd,st&p
of inserting said insemnation sanple into a female of said species of 'sai dM?
manmal ftirVRe9/38¥epri ses the step of inserti lng sai d i nseni n&CTRISIY2T90 e
within said uterine horn through the use of enbryo transfer equipnment | 9 A
nmet hod of producing a manmmal as dl eEXAMRIE in cl ai m 7 wherein said step of

I nserting said insemnation sanple into a ferﬂal e of said species of said

mamal - fAHehL B Bk f6- 1431% or bge S8R nSdet M85 dyicBBdiGaH, Oy eFB SyticRRIni 28 wﬁm f‘n

Wi thin ggindy d] F- mu Y kg vAls Sndf sGbRNA M@Hﬁﬁ&rotﬁ% R

2 8 1~ 2p &, BbmA Qqa'z%qn@omm a8 tt

R ok %ggr« '“ L,

i nsem n& oarapsea Py e fma PR %@*ﬁr *\Mﬁf‘e rfrggﬁ rlgmwSP@g\é{rded

as opti MamegrHM ‘§® nfgve cy ‘ﬁ§1§|‘ﬁff‘?§{1 sgffer ‘?@ratﬂgrf’é Rdy! 8pd pyiegiddl’adNacitratenasl  as
d~scnbedheath|fhiidn X oltremesame-hraring wsrHf(~ A& Wity A h@f'féﬁﬁi b)hse@nmmsoowa@dnm e
conpl - i spent eyt weod coblsttadhi sHIONyeanemifer inte 3-mhEppendert tubes sentphing 100
whex ei n p$ @othell Bpivefsal-Extdirler (CUIE) wah d0Jorege yblkatCallected npéren weitexceatrifaged &t
speci es 600 xsaifer mm|an@€é%U§;§mﬂéﬂ to~RE8K MOPENe SfPbiymb RVEUECBOr RAYHR defdm
said st %Hs&fed% é&h&%ﬁ@i 9 alri2d §§€rﬁﬁ@ér98‘ihﬁ@d@ltﬁ sIRAM Med % 9 240 @nﬁ/fmnof

sai d sper Lve 1o t QF@I ég VI r%tf B&%/Hﬁt 8 12.

A et hoan @és Wgﬁ;s ?ﬂ%fito} $ cfé} leé g ai'd %%ep of

et i hid AR e i e@ﬁ%g st 75 i e paded il s matie

unifdr ozefl 841‘3@%%{ Stmwwﬁqglt@nsmﬁléi At Co‘“§t“é’ﬂP?5P‘1“FFS@?"t‘r°H§d daygrage coo er

i nseni n2#0 dm Samipiseminatian & t6 OrtahiersyodtigesSetd sernen ardliquid sovtroksenten werat er

t han abosentienedasingsifid-openirg) Wlusiiepthe {IMAS), add hadfiufegchssriadl intoszach m@tih®om

sanpl e hayi 1v* lidelspeniineiieey. A a 5@hdhrd P61 CRhreR fFoph HelsuMmetballs Red bydd féden

art | fi ciigb, SLést%‘M IseRd4la ?&%dur@ég(mﬁnr@tdwm"%om& S5t oS BoTRIAWY, tiRSved
R Deflssat Bgiel, didihfinlinf8IRAS U bR b%td?lo wéatﬁk@at@wa@bmgn@ed r the

ﬁg?ngt%Eé?PHd "ﬁ rrPna r{i |¥1H §§l ?e?rﬁf\ Qf r%he edse e% dtwo%(g Ep]l A
ol am 13°F FFE’i“ﬁ psogealy 3t 23dat e ega? o400 °e§rm%

accor di ﬁ@yﬁﬁ‘tqrﬁ’éh eses akse; Wefis sg¥e (Q‘B é’bx ?:t AFRTEENTS ipdhe tpglen ot hod of

prOduC| descri-ed—ta—reclat ml__lJIJ A ct ol conar o

Ld
= v I\,I \,I |r \Jul \¥ ] U \/'\.l “Pu u(l l—l\a

sai d spefMmammek | S accgriai tegerd pedt he d@&t@r:gmnn?ét -Hor| M5k Prghai 464-6B x| Whiamakct er i|sti ¢
| conprises the stepd of: , a. estjablishing a sperm cell soul B¥seihi ch

S |SI eﬁsépﬂemnc_el I's [t,@ be separat (%Bl,,iefij rqgw@zp‘,goperty afs(w).iiper m
y J'JWIII L:Cl—"l O I_TClV—r ITB Ol UU T T OUCU OCUA
char act eRiqsil ;ogroland d.28col | ecti ng l;él(-‘d%sper m cell 1S$4mhvi ng t he8 @8 red dex

char apt< ;rozmmw@ A n};mod of rodlul%rgsg) mam"r_al al§(5q§§cri ed i lz%d%m 15
wherein Se—s—ofpgp

b Sex ratios of values with different superscripts dlffer (P<0.02).

Although the pregnancy rate with sexed semen was only 80% of controls, this difference was not

30 statistically significant (>0.1). One pregnancy was lost by 64-67d in each of the sexed and frozen
control groups; 18 of 19 fetuses (95%) were female in the sexed group, and 20 of 30 (67%) were
female in the control groups. The liquid semen control yielded a virtually identical pregnancy
rate to the frozen semen control containing over 50 t1!mes more motile sperm (over 120 times
more total sperm), demonstrating the efficacy of low-dosc insemination into the uterine
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separating said spermcells according to the determ nation of their 23@xJyi 7001
characteristi owbyppives conprises the steps ol a providing a fl @ur/uses27909

cytonmeter; b. establishing a sheath fluid for| said spermcells. and e,

col | ecting said $RaiMPEhIv AMENUNEE {R PatidFinich@R sS@Y eV ABHEY NSV cGtohfeter MC;
thod of producing, &nﬁgg“g%dgﬁi %Qﬁdeﬁ%tﬂ&d aim16 wherein colleCting said
es

spermcells haV| ng t Ired sex characte>listic f|~rther conprises the

step of cu3|o said s mcellsf a_coll ector

8 o 7o Sumilarky 4B Sxpsmisnt e candRety 8%%%%‘5 JERd Pt Gl iy e pgported
wher ei n sai qs:pg]msof pronding a sorting flow cy~tometer conpitises

prondi ng a high speed sorting flow cy~toneter, wherein said high speed flow
cy~tomdter sorts sai d sperm cel | s at aEr)%AMP %1t Ieast 500 sorts per
second 19 A neth r.oduci ng @ | aim 3 and erther
conpr ~snmy the st “zcﬂ’bJ VRY'AH 6’\9&?@‘3‘ rp;ye%‘rqﬁ‘f‘y gﬁt S@‘éﬁj’é‘ée’ﬁﬁllaie pl e
eggs to be produd‘é&‘exﬂﬁmel& pwrmBerol SoeduPe d gendjiens: i3sB8N; n
ciai m 19 wher ei n fem threpkivlsteiarbylls phaheye avaragede mﬂ‘é}’ Was edensigd im hampgeniged

i ncrenents bet weenillgiys glycermy (CSS eaxtenter pliss S Hehersologsuscsentinal Pasmatan2khod

of praducing a mawiBlx MAG 1Y xapt @detre) misperseper 82 5dabBrendestraw atdfiorea0
wherein sai d st epnefovitsd IgLidRitRYeh Fhpory Sehnled WIRBQRAWEAIAI37PC Watds forPolsté.pl e
eggs to be produwst&g I35, 1tshﬁo ﬁt@e\w JHiflh ?%—hf@léiw@&ﬁﬁﬁ%te‘afwﬁlpﬁ hg!

stinul ating hor ”%”ggta alﬂé@ chggt 2199 LAY &ninated
]thcdsgglcn

det d 5
Card o sage of f ot @ sm@H%ﬁwi’%r% Sydppapd? 4{

i ncrerfent s conprl‘@%mépeaﬁbslé?@é‘elhé%\ Fr24en it dﬁ 32“9“2 es&"r‘l’é if SEBEVBEH days
9 and 12 incl usi wesglone heﬁecstetphsalw@\{ee5amlh%ﬁn¢1éalaom¢mesh1ﬂg inseminatiop of

i n~ectmg 25 and lehmicignsofAmbiest eaiperndire atlbreeding s drequerithye- 19 tot-B0WT do
sevent h dosages. cﬁ@%@tthwﬁi Yo kebp Sadechihftloni ediipsiehimilagrhi nngﬂégrﬁ%}e“?a@ 2
8 JUPJ 2Q ~Z 23. M <a el 'mm@fettﬁm AgasHBRFA0-B8 dal Sipdst Bl 16
and whgrein said StegﬂP c § % d%}/ ggsi ?mEGA‘oF_ c@%th?és‘ %lo&h@v%g pality

o St eperm ool TS b g aets“?f F G B e step

of staining said @{)‘é)rzrﬁé%l)lf@r B 105 Yx {ntpl speap/insegupatg kBT )- 38

mi cro-nol ar cont dhegnahcy rasgswers differpg; (Pﬁ@é) anopg bulie g6 andnifae), hutaalg a
predet er mi ned seetgeetdecmidiac (6% ahdp 5tk ar s¢mimationciomps paitregiruh6554 fop of
chemi @l |y c | ooridi nahd 69%afasBah,NE1 58 at eachninoe)meWithf the methods dedctibedyhi ch
i's coordinated Wigpnhfdytafes o Seéifels Wéie sitik waitrst x $0%ma 10et 10 fovdl dperm per
environments. 25.,Adigjbod of producing a mammal as described mclaim1l1, 2,
14. 15, 16, 17 or 18 wherein collecting spermcells froma male of a

speci es of mannnal conprises collecting sai dl spermcells froma male of a
speci es sel eat &gefiment Hab alsg beerpcondnctedson m;ed unfrozen sperm cells and may be reported as

follows:

30 EXAMPLE 3

Semen was collected from bulls at Atlantic Breeders Cooperative, diluted 1:4
with a HEPES-buffered extender + 0.1% BSA, and transported 160 km (~2 HR)
to Beltsville, Maryland where it was sorted at ambient temperature by flow
cytometry into a TEST yield (20%) extenber using methods described previously
35 (Biol Reprod 41:199). Sorting rates of up to 2 x 10° sperm of each sex per 5-6
h at ~90% purity were achieved. Sperm were concentrated by centrifugation (300
g for 4 min) to 2 x 10° sperm/ml. Some sperm were sorted into extender
containing homologous seminal plasma (final concentration, 5%). Sorted sperm
were shipped by air to Colorado (~2,§00 km) and stored at either ambient
40 temperature or 5°C (cooled during shipping over 6 hr in an Equitainer, an

|
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of bovines, and equines. 26 A method of produL ng a mammal as des.cntfg

claim 2~ V\/nerer n said step of chemcally coordinating a sheath fluid ibu 200;
eate a sheaPP¥IY environment for said sperﬂﬁv cel | s whi ch i sPCHUSBI2Aed

with b4dth a pre-sort and a post-sort cell fluid env i ronnents conprises

the step of esimblayddi deyice withlansivercontaining hompapmentes Hofkrner dpecowsel | s

and the step ofietecédinldsthd NigtoB6-h nléartvwerd inséxdﬁm&dcthﬂﬁ@ttaim ofxhelend. 9%
sodnun cur at e. ofthe spefmsortiy sessidh? Spérm Al 1EL RAD® iafo. pmﬂwsﬂem pSsiéB ALY as
described in Chﬁh@ht%ﬁné!\h GhdilafeddiGo Blevahf withiemd ra?éelsworms m%aakmrae@ sheath
fluig to creal s dualg Aemesrl bsEARARGS, for sald

coordr nat ed nt re sort post-sort cell fI ur d envi ronrrent

conprises the st ab |sh|n a cell sou £s
sprenr) mcel | s angrtof“g%‘o&}’g %Flbg F h L%F %‘ﬁ%&‘f‘ﬁm;gpb%ﬁﬁéhmpe@%r ins a
hepes buffer ed“ﬁ@dlah?ﬁ’b'ﬂ@ temPeRatAGD %“B’d’& 1gatge with spgem geeled fped m

cl ai m 16 wher e 7€ duting shinpingofl4 werd reregmzwg agﬁmelsqo@frgw@epn,smdam (A4 Ak

desi xed sex ch8maeker Ekven of tretXensaninpied yathio A8 hsafabe ond af sortihgyerapact of
sai gosper m cel pregitdni fat Baweekapbhteailort. o9 iAsaminbied 17F24 hodhtegisoging wagmal  as
described m cl picghad® TH&E Ylalné SighifRhiRRIREL cﬁ\éeuﬂrlg%gmhrml)ﬁfatsnﬁf O‘n%'d? tiRPer m
cell's with saigh ¢gfd %&rn&%rmﬂé ﬁl%ﬁ cttéaeseit 8 Vas %E’l‘é 'aH@ 19 \9@5 of il on

cont ai ner havip apet e
~~t ~~. 2002 BOP'QQ\%te nS‘S 'R e(%tefnln&vdtb% g@g on g@fgtm or ocfeirag(eftﬁ onSper mcells
for producing a mammal according to the rreth d of clai ml corrprlsl ng: a. a
cel | source whPebsequgntly; 83 addujomak beifers ovese 1n3eaNoted Willy OiQvent|(srmen

cytdfret er; b. extemdsdt fasf descriibeduatmyehhintty eachatudsring shormn eaithofit uisihg

ennt onment f or ubrasahography) ady Bsyere pr@namtzathe¢ksrufmngxlrsemnaronsamﬁox$lpar mcells
pass while subjepedied pregmi dt 8herkh Howedesuiferennbills weredusearrr&fsmé | at or
whi ch acts Upoﬁre$iéh9g§ tandfdwr;ﬁexﬁﬁuat.ansroa&%eaoﬁéﬁrsm.ghh btds e- a
sperm cel | sengd e{g} I\ de xﬁs@ﬂx édEn ?l'y ,§ elr sg%

sor? r discri natlo s accordlng

e det er i H3Y %‘ﬁ itﬁ ?m e%?n5§§P %m%f ?no er r}ﬁng gls[e ¥&ast 500
sorts per secoPrrdg“aé‘rré"bee SIMLIPIAMN ¢t o whi ch sorted sperm cells having a
desired sex characteristic are placed. 15 31 An inproved flow cytoneter
system for i solatsungnasizer s tsepdssibleoto peldvr pregnandiesrimicattle viesartificield i n

cl ai m 30 wher einseramiatiors besgelmfsbredifor sex cleromtusamesche dbwscytoréieytahd theui d

envi ronment f ogexgatidlo fBREER pptdxsinAedthal prediciel by ceanblybis &F soRed spdfn if6ir 0v ed

f I ops cyt omet er payst@mehP (9% ! anbwgvérqur fafk sfaﬂ‘es)rvaweadgr%rrp i tBsE®

described in cla %& i B §t &k epd R sheath
fluid 20 envi rg&%s@d&stwaﬁ‘l’ &,fﬁ”? ?ﬁ ﬁfﬁ, %g;ﬁ%%e %ad% c1>me coE%, ﬁn u:{

medi um because different bulls were used at the dl{ferent times. Further studies are

needed to determine whether variation observed in pregnancy rates was due to

30 bull differences, insemination techniques, interval between sorting and
insemination, or other factors.

!
Finally, an experiment also has been conducted withiunsexed, unfrozen sperm cells and may be

reported as follows:
EXAMPL# 4

35 The objective was to determine pregnancy rates when heifers were inseminated
with very low numbers of sperm under ideal experimental conditions. Semen
from three Holstein bulls was extended in Cornell Universal Extender plus 5%
homologous seminal plasma to 1 x 10° or 2.5 x 10° sperm per 0.1 ml; 2.5 x 1¢f
total sperm per .25 ml was used as a control. [Fully extended semen was packaged
40 in modified 0.25 ml plastic French straws to deliver the 0.1 or 0.25 ml inseminate
doses. Semen was cooled to 5°C and used 26-57 h after collection. Holstein
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33. An inproved flow cytoneter systemfor isolating spermcells for 8 JUN 7002
produci ng a npyRleg described in claim32 wherein said cell sQuni& 5949
conpri ses equi ne sper mcells. 34. An i rrproved flow cytoneter syst emf’

isolati , g sper duci n descri be m 31
wherein said cel}l’e’ge(‘.')ﬁrﬁ ]fso"g)ﬁglﬂ#ge‘ggﬁ «? ‘iﬁ(fz‘b YEC3 Jecfﬁﬁ'l Wh@ Ué/é’éﬂf | ow
cytonmeter syst ener)ﬁtPéll‘lg@P % ?@ BHEryalsend inseminatad Wity
described in cl a$AbDYQ, tragsksr é‘rﬁww&r@mwmkw %\eé'@un&or@owla%borz 29%

sodi um citrate bafierdetection of eatrgs. Insemimgiion 8&s ipglageralnie therpide wath the tangest
cytoneier syst enfollale dsteinzinedigy slpascmndellillfsafkocstmoddmohgmdmmmmlveaﬁed
described in cl abymi@Betichlof a3brp@3luted by uBhsoykier-eidayspost-esinlsl @eégnanty used
to provide a sorygfideriihddcBdetddidg OF B &y HaisouRd hM'SQ@yJﬁ&U&s%%?UThéLO%tO
about 50% of t eyt Ha3Hofle 3 F6UF 1EBlidatest haadlamea %vemuéey,m% geor ted

5ol af 1 ng sper m EERiEiy, S "ﬁ Aol s %‘69‘3%‘ f20RSE? %’hl%s
vvherei said col icj rs‘"fpu"'ls "Igg'r’ g Pf%g‘gesaw&?sr?ﬁaﬁlﬁ{l ﬁmé‘ia fnipsigeraband < 5 d
cushi oni ng el enefpntia .@%e@la‘ﬁes | HTEEHAREY EBES P 8P X (v, 43187 b2 ”Dotrdm of
said col | ector a4 /e) for & 2116, 31 x d6tand Znnx 10 sperm/iigpamanate (P> UK fTterent | y
| arge to avoid iwmsasignificastidifferpererm pedghanoyirgth (B€i0d) embhgetechmiciad (bt Sot An

i mproved flow cyiméms Billss YWithithé aiethiciieldasdribgd,Spata teqlossiblead réﬁdééldﬁérﬂg a
manmejs as descrifffhdrd geranBndRatenQiritiendpitkht GPBfh Horeld IlNsaUhithCi oW v

VOi | | | ~

| arge to avoid Eﬁphoﬁm%\%ggm&agj ‘M:ﬂt'besa d coll ector conpri ses

col l ection contal ner having a dianeter ast fifteen mllineters. 39.
A nmet hod of producing a bovi ne mammal having a predeterm ned sex conpri sing
the | 15 steps of: a. collecting bovine spermcells froma mle of a

speci es of bovine mammal ; b. determining the sex characteristic of a |
lurality of sai dAbmcnhem;imldmchh be sean. frmﬁltqwglogacnpdmwm thgpleeldnictatistically

accor~ing to t term nation of .their sex harater n a
Sheatn P uitsehend Biusnvarer Sfhiandl st EitabRnebs ol Shivk Seubronriase
sodiumcitr Bﬁymﬂroneﬁatdaf%it%fﬁd"&rﬁeél@é’ ! Tﬁuﬁ%ﬁ&‘i’esaérhbrié %ﬁdus'a‘ﬁ%@@vﬁﬂt futfler be
sanpl e ‘havi ng between no nore than about ore, hundred thousand ~o0 no nore

t han 20ir ee ilemifieal] stétoas dmhiwes lledlﬂudvtheedxchmtscaid sombined niyereffeoty with daser
artificial insem nation sarr~ple into a female of said species of said 25
bovi ne mamfgritation may bestugicdy at | east one egg within said f$nmal e species

of said bovine manmal at | success |evels of at |east 50% and g. producing
an of fspring bovine marma of the desired sex. 40 2 a ~~: 2002 40. 5 41
A met hod of prodDied digcision imokidedainithig appldaeingiininsariddd 36 sgrvets & datit ldesdripgiont

| east one e
’lgne reader should be aware that the specific:discussion may not explicitly describe all

embodiments possible; many alternatives are implicit. It also may not fully explain the generic
25 nature of the invention and may not explicitly show how each feature or element can actually
be representative of a broader function or of a great variety of alternative or equivalent
elements. Again, these are implicitly included in this disclosure. Where the invention is
described in device-oriented terminology, each!element of the device implicitly performs a
function. Apparatus claims may not only be incldded for the device described, but also method
30 or process claims may be included to address t-lhe functions the invention' and each element
performs. Neither the description nor the terminology is intended to limit the scope of the
claims which may be submitted. It should be !ﬁnderstood that a variety of changes may be

made without departing from the essence of thd invention. Such changes are also implicitly

included in the description. They still fall wnhm the scope of this invention. A broad
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sex as described in claim39 said fenmal e of s‘al d species of said bovZ et 20m
manmal rises the step of fertilizi$rg at | east one egg within said

femal e spre(gpe(’g%?s‘ssal d bovi ne mammal at success |evel |& of F&Y24EP09000 A

met hod of producing a mammal havi ng, a predet e m ned sex as described in

ol ai m 3gissiosuEe mmawuwab@h Sheeprpligit embodiment(s) Shawd, |tha great vasiety gf implicit
artifici S Vi ne
ol AP BBty AEUE b Bb R olles A 1R 8 o badR o

of said@emlmml at success Ievels of at Ieast i 50%is acconplished in

a field environment. 10 42. A nethod of producing a mammal having a

‘ predet erm ned sex as descrl bed in claim 39 Wnerel n said steps of inserting

sai d bovi ne arti [ [ f .said
‘ speci es of s @d\/?rhee k’ ngg'ggf g@{ﬂeﬁ I"zi'ng aﬁv%ngérgtaﬁg 2 ‘%’gg’%"i ?ﬁPrP %ai d
feral e Qf:hﬁ%&' IS R8GHES &Y midieds. D IhisnfisdIadii@khiild bé UiderSBod & ehéonffasfbadneast
50%in a field environnment conprises the steps of repetitively inserting a
si gni f i cuch vaniatioar boit dariatien vEas enbediment ¢ﬁawla@parranns @mb@dtmcm, g anetiogdson nt o
er of said fengl es of sai i es ov1 ne manmal

a significant b,

in rapi d’rg%Féé«ié‘ii?%H“%‘Hd Of FVERMATSY 3 %3fiatofd c?fd"}'& ﬂge“tﬂf lE‘SSWLS arkicHRf Ko df of
pr oduci i 40
o 41 wiio TR UYL ERARSHITAIRE, B eon BRES (ARRLOR, el o

of i nserchttglefrhtmapbé edprogyed b§ equilvalencipphratussenmsrortmeshed a:mml-eeventmoﬁ@l d

femal e species of said bovine manmmal conprises the step of inserting Said

boMl ne dke fenttigntarfiegulalis thestamen atudhetyew. B&taﬁer»p&&veanﬂon@oﬁnﬁ%\c terosr al

withint erine,. sof sai d boyi tho rod C|nga
e SOMHSL e R i S %@Eﬂ%@ﬁé‘%& coh FRRY 98 besfing T8
wher el N (SR BE! Bt TR helAdesitbd tmhkd em@umeeﬁﬂpnempmm E® Wnidi d
step of inserting said sorted bovine artificial insem ~tion sample into
sai d f enkis énwmeon ¢ssemitled aiAd i whe exanepleveit slumitbba welsrstdod thategll adtions smytteng
said bovine sorted artificial_ insemnation sanpl e deeelgwl thin said uterine

h ~rn. ASXPREsREd pb@ BEaRy SHutking BamaArteRl OhaTigelgmpite VI FAUSEY thakacyan.

BCri begy % Efstodd 18 f {519
sal d bovi ne ]Eﬂg ‘faaleg]pﬂfsf' @élegﬁnﬁgg%oiegtﬁhéﬁgsg e iont o} Sgﬁoﬁﬁ deéc Slrscaéﬂ
speci es thé asaon! which that physted] eﬂ¢mmrfeathmmpr As @st bireexsdnyie aff thi’SSzBpttdt,l’lQlesal d
bovi ne sorted insem nation _sanple deep wthih~aid uterine horns,

met hod @Hsqlessaecif iy “aolineteral S‘W&M RE ‘ﬁ‘dﬁﬁséﬂi’@t ©r fRGoEpasSedisglosuresof Ftlﬁe%f:tl ‘hf

clai m 43 rein ste | (o] t [ I

neem nactUR Bighor e Reber saPEFibL ARt QOS2 SRR, B e Sl
further &Giyurs 88 it YreRoNEctings! egddhrwdﬁalb@ﬂrecsubm veainkdefhtadd iof érebmbass
insem nation sanple within said uterine hornj through the use of enbryo

t r2hsf edissdosuperofit. “collectdr. ﬁeﬁh@dclmhg@r m&cﬂgatwe renmedre hta\bcngxdarstood to be
pr edet er 315 descr,i bed jin aji m

t Tl
sai d boﬁxﬁﬁc‘ Mr‘{‘éﬁ "élr‘t“l FEF%H"H“HEE URIET. dh%&!ﬁﬁ? ﬁ'ESEPSOQgB @ﬂaﬁ‘g{‘b‘? ﬂ%ai d
speci es ‘Mmﬁg'nﬂlalﬂ? Eg%n{@anm' cthitdstH&y bGQ/HHEd &eﬁow&paaﬁpclsﬁadm@%kaa. Hai d

bovi ne sorted artrficial insemnation sanple within said Uterine horn

t hr ough delrizesae hefein disetbsedanidrdzseibed, igthe petatad med®ds disploséd anddespribal, ding a
manmal havj ng a redet erm ned sex as.descrihe n claim42 15 sai d
step of SAL, F‘i‘ﬂga i Wdsyen H@P'é‘d‘r‘faé‘at‘°‘§r°?'ei’%c‘?fél‘e$ JevesAnd 'Bﬁth\élg%‘ﬁéﬂ?
sajql T emibfafile aéi #SW&{ &0 gn.si?e ﬁ&cda{m%w&w zﬂE’Elisél%&cf:ﬁﬂd%Ec‘?ﬁc@f
inserting sard ne sorte rti |C|a I nsem nation sanple twelve hl urs
af t er t ha thosemltedniative dmgsrmdaﬂxdtlwdsagacldwoawhdpeactrwlf tlfetﬁunatlmsrsgbwn hoarene

artificia~insem nation, 49. A netho havi n

pr edet erfPLSH t%é‘)@&?"d@é‘@ﬂ‘lvﬂéﬂ‘ IAise OéF‘ilrf‘&{S % r‘éﬁ%?’&e&n};ﬂﬁ‘%t"é‘ﬂ’ 8?“3"‘ and
est abl i r i he
2 ha r YT hFrP R bR Bl iRlerk RGN e SHBUE CHRTRLAARard
wher ei n peamdtasiofpohHéach @f theubovai d bovi ne spermcells according to the
determ nation of their sex characteristic ogcurs at a sorting tine, and
wherein said step of inserting said bovine sorted artificial insemnation
sanple into said | fenmale of said species of said bovine 25 mammal occurs
not |ater than about seventeen ' ours fromsaid sorting tinme. 50. A nethod
of producing a mammal having a pre et enfd ned sex as described in claim 46
wherein said step of establishing a sorted ijnsem nation sanple conpri ses
the step of 42 ‘

|

|



2 ~ ~~ ~; : 2002 establishing an unfrozen sorled I nsem nati on sarrpl

wherein said step/odseésorting said spermcellsjaccording to the pciws 837‘&“ 200
determ nation of th~ir sex characteristic ochrs at a sorting tine, and
wherein said Ste’Po%Esxbﬂ‘ﬁﬁﬁﬁde‘i‘ﬁarﬁﬁ%gjtﬂe”ﬁﬁéﬂtﬂﬁxt laOVhr RRyBE PublistRdaref@ERES ndly pe
said species of said mammal occurs not |ater than about ten hours fromsaid
sorting ti nielpfol. 5’[besAarﬂatmmiaa)ﬂollpwmdurtamgleacbmmwporhad|b|5rgeﬁ:rq:rrcedhnmm nedhe

sex as described in claim1 or 50 wherein, said of det er |ng t he sex
char act er i sEtEht Siptegents gught b C@Ts“@é‘?dd‘“ﬁ‘ﬁ\ﬂsff'@t g’ﬁg pAFNINE QS dﬂs thess invsatign(s)
f st t t

o et "oy b 0 e BB e il 838 ol SRS P eni

sex ass deSClidl[thrdfd”teﬁ‘deﬁluﬁm&Q Uniited) Statds of dmetics Pagat Nos:(B860097,15589437685 B4537;
characteristic of a plurality of said bovine spermcells and 'Sort | ng said

bovi ne sper¥439862;s5 OS5 159; SR312ds 4RI i49AOHT8 146981 4264680258, 4511661,

h
col o cont sH78boTo R e 3bR A a1 a5 RA0R Lo 1 R0)C P, 308 00s,
est abl i shi ngnga9srlsbe FIs: £609280,38945090 BESTR0HREILS 56.PHEIPTA Bétbzntd nbs awxha%e
1 Sb. chenically coordinating said sheath fluid environnent for said

bovi ne spertﬂmd'elldnmn\grpuuhcmonsoblmdemamw of Holstrin Heafepsy WigoMeryahdwaNumbers Of

P per 0 cel | GnropendpErRatiatar Py ShidehdErl BhAdood: BT 14 dimhan amd Mt Gagel
desi red 5exC&lla?z{dﬁﬁlﬁé'l?ﬁl{/&su)a%n?@olﬁns %lahﬁ@@'rébﬁeﬁcﬁ’d %ra?ﬂ%rmxﬁﬁ%tlzi PIAaV]b%

sai d desired sex aracteristic A nmet hod of roducin a nmamm avi'n
r eet er m nedDsiex, bovelari; r@(bedulml%)ﬁal“mrﬁﬁc@l lysgnl%av/vber\&'lth Xaind %{Bnaanngovme

col |5 and" SRermnc EaSasou b spaioaeri Alldo Fefnd b MiD. HalBrts hdbianeed
their sex cpa gﬁ&@ﬁgﬁ@gﬂ tR\é’Pl%'aﬁét naana*ma&bhﬁdl%ﬂmzs @%mraé&étaﬁéﬂfxﬂiversuy,

bovi ne spermc ns a 2.9% sodium citraté conprise t

st eps19f:  aForePollitls, TO;NGednsigdnh afd GansetaviPhediolvgp dlabe ARRVUSD As (Bulnvitie] MD;
to be sorted; b. cheni cal | y coordi nati n%asal .Sheath flui~ environnment for

sai d bovi neAprticnBresders Gadm H-ansasielo P NAVEUDigry.nLewland, GPe Ly danuaay 4 996;

Cperr 1o cer nasentjbloh SERGERS Y5 ey oo RURbEY o cRb RS BlonSEL T 20 KEREL 1.

sperm cel | sClrpwiRE, 2 Bigst, MD. BeKath aidM B Cattell; Co&ﬁddd State URIVERRY, Pt Cana,e
sperm cel |l s havi n% said desired sex characteristic. 54. A nethod of

\% oduci ng aAtentiea Brerdeisn §oapgradvret lednepsierd Riox DMO daaiey.i bevelprd,cC: nJIUBQ 1996,
cai d v ne Tehpon B TEREEE e B NP ap UGBTI BiliCriRly GuBrgidyly Yoila

det er m nat i §d WsoftEESEMELX DABATALIWIA.EL MeKeeg MiE King B &, Dolmbh,dr.G. McEvoy,
envi ronment_for said bovine spermcells contains about 2.9% sodiumcitrate

conpri se t hdJ.direpdbent and JdsRabihsoshMagtercalffraibsione, Euclishuem, Abgsdeene4dBRHITNeUK
sperm cel | sgt 0. e SOl itgﬁl 180f?eg Ssé%lsko%*é' r@uc?c%lﬂfh é‘érﬁeéda' gg%ﬁl‘“dy%”%"k

for said bovine sp ensi ng a’ proper sal vine sper'm

cells; d. dlisgiol mdl@gy ng&)mwanﬁaHdnbmvemaat&nmﬂma&Jr& wittavendLew tamnbeeslof
sex characteristi c, and
25 Nonfrozen and Sexed Spermatozoa," G.E. Seidel, Ir C.H. Allen, L.A. Johnson, M.D. Holland,

Z. Brink, G.R. Welch, J.K. Graham and M.B. Catté]l, Animal Reproduction and Biotechnology

Laboratory Colorado State University, Atlantic ﬁreeders Cooperative, Lancaster, PA 17601,

Germplasm and Gamete Physiology Laboratory ARS, USDA, Beltsville, MD 20705, DUO Diary,

Loveland, CO 80538, Theriogenology 48: 1255-1i64, 1997, "Capacitation of Bovine Sperm by
30 Heparin,” J.J. Parrish, J. Susko-Parrish, M.A. W';ner, and N.L. First, Department of Meat and

Animal Science, University of Wisconsin, MadiJon, W1 53706, Biology Of Reproduction 38,
!
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e. collecting said bovine cells having |laid desired sex, characteri sg igc it
while 15 _ cushi oning said bovine spermcells|frominpact with a colTéector 0m
wherein a RAYHPHg el ement conprises initial collection flRFHUSHAA
bottom of said collector and wherein said col|ector has a~ configuration

suffi ci end7l-1080 GO88) "Brestaglandip&de - o Festility Rype fnDeaiey Cattle?t, K baMacwilansador .
55. A metherl B PRRdNGNd IRl R Wil PGS ST AERIREX RowT88EAD 00

in clainfg ( _ steps o erhln!ng t sex chafacteris
a plural Mh¥riegendigd, HRPichdes N8N YOIL! $8aM6l X0fdgen @45a5d; bPidspeets P Segidg! S
according to the determ nation of their sex characteristic, wherein a

-sheat h f ahan $parme'hE€olosadogissacipisd Lndvesyier Rresss Andmaldhenipdustion duwboratay,

di [ t i. tl ~e .St . bl i shi I ich
Supp 1 eq yoER o FRrRRu e BB brlc A RARlcs b drorfials CANERGHREP
fluid endighgRMED) 36573 Bdiled HyRUipeR PsRRAM 4@l GevrgCE. S JRY 1988 BPREK Y\ Plgg
sai d bovine spemj cells; d’ discrimnating between said bovine ' sperm

cells ha;)f}othlg-ﬁtitr:_ﬁeahd %diillsExt_endims anCérdhmatimStna:!We_Iané_.Vi@hility_eQﬂGrugplsaérdechullne
ol | 66t | SHOTT af Doy SeRT R, Db b ks gaf B EvEbtprya M Kaprolls  sthieettng
sald 44 of R ath HdBEIsmloEs ridOEURIAiRG by A1 Yty DIRAFHRL DR AR

of a desire ex as cri im39 and further conprising the step
of 1orti BQ:254; ‘Bupercvaiatispef Goateith Patified it Suppleateniedawith BéfingbA trouptsrof

second. 5 57. A nethod of producin myal hayi.n redeterm ned sex as
descri be&L_ﬂn’ dhegion @97%7n&4f%u?\? a@cﬁ%‘ﬁ%‘i“ﬁﬁ"?ﬁ%?ﬁ%‘%f a}gé?f r&?ﬁ?ﬁﬂ?ﬂdi‘oy y
phar mceg&gdrﬁﬁhgt ggwiewlﬁsamig%ﬂm weenba caraduced. Mhnsen.d femal e of said

speci es sal vine mammal and wherein said step of fertilizing at | east
one egg within sad femal e of said species of said bovine mammal at success

| evel s of at | east 50% conpnses the step of fertilizing .a plurality of 10

sai d eggs pr odbEsheyt Bigispec iGaHPR UBjess P@@%(ﬁ?%‘é‘%?th@gﬂﬁe’ﬁmwg ﬁéﬁﬁ'ﬁ?c to
d i .| h] i : 1 | v b/ f

produce Tl Lo sRBAE e SHRLO%: e ikif PLANGE BhABB0d RPnp1y he fcRBEAY ©

produci ng a manmmal havi ng a pre e sex as descri arm

wherrsei n. gatdledElemenf olinteaer Growpbhélanmynty baintepeeiitaat tHeexechiia ofanyiothes
eggs to be produced by said femal e of said species of said bovine manmual
conpr i se§lemeat o integst on groupobelemepts T #8egsse of follicle stinulating
hornmorie a plurality of times a day wherein said ovul atory pharnaceuti cal
is injected in half dayiincrenents between any of days 2 and 18 of the.
estrus cycle. 59. A nethod of producing a mamal having a predeternined sex
as described in claim58 wherein said step of injecting said dosage of
follicle stimulating hornmone a plurality of %0 times a day conprises the
step of injectingi said follicle stinulating| hornone in approximately half
day increnments at a dosag~ level of 6, 6, 4, 4, 2, 2, 2, and 2 ng between
days 9 and 12 inclusive of the estrus dycle and further conprising the step
of injecting 25 and 12.5 ng of prostaglandin F-2-al pha on the sixth and
sevent h dosages, respectively, of said follicle stinulating hornone. 25 60.
A nmet hod of producing a mammal having a predpternined sex as described in
claim56 wherein said step of sorting said cells at a rate otrJllat |east
1200 sorts per second conprises operating a flow cytoneter in the range of
about 5 kilohertz to about 50 kil ohertz. 45 2 8 JL~P~~J 2~~~ 61. A nethod
of producing a mammal having a pre eterm ned sex as described in claimb54

|

|
1
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wherein said step of cushioning said bovine spermcells frominpact with
said coll ection container conprises a collectijon containe~ having s@rgaii. 7007
mat ched physical characteristics. | 5 62. A nethod of producing a nanmal
havi ng a predeterm ned sex as described in claim54 wherein said step of
cushi oning said bovine spermcells frominpact with a collection container
conpri ses thheWkdtegxlamedpsovi di ng a col | ecti on contai ner having a di aneter of
at | least fifteen mllinmeters. 63. An inproved flow cytonmeter system for

i sol ati ng bovine spermcells for producing a 10 mamrmal according to the

met hod of cl ai m 39 Acosthrd iprgliciag a mawwhl cogpusisethesterstrfsuppl i es bovi ne sperm
cells to be anal yzed by Al (Ui d source which
creates a sheath wa d ?ﬁl\%tfraéfs‘!fm %lfpdqsa%ﬁéle Opé\l/fl%g%&g]trl%nyel | s which

cont ai ns about 2. 9% somS@MI%mrlgr@tlesemllﬁmen Séannlﬁbh%’lﬂm fmm ebayih 10 te hb@éﬁ@% of
bovi ne spermcells pass ronnment;
d. an oscill ator which tg%‘!ghﬁepr)g%@s&%ﬁgceggmﬁ%% Aﬁggl@fng enfpl)lgésusogssﬁt]}y“r3 ‘ough
said nozzle; e. a Sper ningasling sahgnsegpingiien é?ﬂlmmlnfh g dgppn s el swbies bvide
spermcells; f. a sorteg, discrimnation systemwhich acts to sort said
bovine spermcells having I 20 a desired sex characteristic; and g. a

col l ector into whiéh safetilismgishlsast spreagenvadin sgldtfavalﬁgf sl spoaiksif sasd mamal at
characteristic are placgd ess%eAgadsmgxﬁﬁbaub@ewo§¥p i Sh 8B40 hnd

i sol ati ng bovi ne spermcef I's as described in clai erel n sal

collector is used to prpviucaiganigtyiring meomabéd artificial insem nation 25
sanple. 65. An inproved flow cytoneter systemfor isol ing bovine sperm
cells as described in claim63 or 64 wherein said nozzle, said oscil ator)
said cell sensing system and said sorter discrimnation systemare part of
said , ow cyt offet er ASYahBiR iodlBR & Madthflad BesoribddOl QXhOTBHRES Y84 ST of
corrprl ses a cell sorter ~hich sorts said bOVI ne sperm cel

at | east 500 sort s fqslrzinget bast onGeg ity smﬁr%mela of $Wpe§1@smfé«véma§»§r@t@mufcms

i sol ating bovine s

bovi ne sperm cel | spegElg] Sﬁﬁ%{ﬁabﬁ&"&gs&%épgg l%égggg%%ée%?egbﬁgﬁégﬁel I CI al

i nseni nation. 67. Antilizmgy svdeat Hsasomnmggowﬁlulersalsl;fgndm()f o2id ispesieatap mepcse évals
spermcells as des cel fo r

bovi ne_sper m cel | SQ{J&JP@%M% f?&i&ﬂ c%ﬁ51M§§?gP18%?g$A1 & 1&&{%%& 13§ 5fso%p§€d g
second. 68. An inpleséd’d | ow cytoneter system for isolating bOVI ne sperm
cells as described in 10 claim®67 wherein said cell sorter operates in th~
range of about 5 kilohertz to about 50 kilohertz. 69. An inproved flow
cytonmeter systemfor isolating bovine sperm iel | s as described in claim®63
wherein said £ol | eql ALusPBPhaRMA whillki & oo ﬁfblec?ﬁmtélﬁﬂ# b it 6 R drom
of said collector erein sal ector 'has a confi g~at

sufficiently large cit@laluogwmmamuonsar@ﬂe @amﬂ aétp}emml@ebfsaldmpcw asH$ plative to
collector. 1 70. A o] r

spermcells as desgrﬂr‘@aﬂ %%qgl{'gg?m%ga%v\her gflsne%;)s/tg% gg}c)ociq e(g{él%gérhﬁ] o%%?lﬁgﬁ%&%n
col | ecti on cont ai nesmjiiabavigg s dioeentbareten pereent of dhestypifdl foneber ofispérmprowded in71,
An inproved flow c - J sol ating bovine spermcells as
described in 20 cl é%lg[@%gl\r/\lﬂ%%{ﬁaﬁ&sg%ég col | ect o? conpri seg a collection

cont ai ner havi ng stream mat ched physical characteristics. 72. An inproved
flow cytoneter system for isolating bovine sﬁerm cells as described in

cl ai m 63 wherein bovine spermcells are stained with at | east 38

m cro- nol ar cént entA ofethod aif rproducing a mammal as described in claim 3 wherein said steps of

mserting said insemination sample into a female of said species of said mammal and
fertilizing at least one egg within said female of said species of said mammal at success

- 1 . .
levels statistically comparable to the typical insemination dosage are each
1

accomplished in a field environment

1



47 2 8 ~~~.. a~2 73. An inproved flow cytoneter systemfor isolating
bovi ne spermcells as described in claim63 erein said sheath f ugdw 200
source whiclh creates a sheath fluid environnent for said bovine Spéerm
cells which contains about ?~.9% sodiumcitrate further conprises a sheath
fluid environment which is coordinated (Wwth said pre-sort and post-sort
bovine spermcell fluid environnents. 74. A nethod of producing a nmanmal
havi ng a pregdeter

spermcel | s fr om gkmﬂloﬁ%f pfo‘a{l‘é?@c%gﬂl %lhﬁ d%éc?lBéd i clmﬁs v@@l’e {aed %&g@%@k{fe
sex characteristi CSpo¢lesaotb$a1d aianmyll bés stamd: b;tqnn m;i sparim sedl $tep Of:mse’t)mg Bengy
said equine sperm gelliz,BeSandl i, La WISuESF SATLNAL BN R mhARLT ciffisd e
characteristic, wherel i environnen equi ne sperm
cell's contains heps#ep blifrseting sanédnaqmnadon sasmmtbbothhpmg a@mcmmrlateralsmtbledhe
artificial insem ngtion sal %ﬁi@ﬁX 9&9@&%@&Qﬁ%ﬁdﬁB&ﬁmfhan one mllion to
no nore than twenty flve m 117 on of saldrsorte equi ne spermcells; i S e.
inserting said equine sorted insenmnation sanple into a female of said
speci es of said equine nammal; f. fert|I|2|ng‘at | east one egg within said

femal e of said species of sald equi ne mammal at success levels of at |east
3Si % of at | éast 4hggethed Oéprqdw@a@@%mbmlema@tm@m 3avigreposaifl fepalgligdichg
an of fspring equi ng qanra Y/ a
manmal havi ng a pr%&et er mluge né%gh%?cfggg??@édn ¥ hngmc@al m g%pwﬁf O(r?lqggljiugg
steps of inserti ngsaghinebnaeptioneample krdel sad finfalccofaaid speaes Qfesaludomngm‘rpbeptilm 0 a
femal e of said spegl s, finfld s HishfinMRMBhyRdsd g it dald LG ngh | east one
egg within said femal e of sald specles o ulne manmal at success

| evel s of at least 3S%is |I 2S acconplished |n a field environnent. 76. A
met hod of producing a manmal having a pre eterm ned sex as described in
claim74 wherein said steps of inserting said equine sor~ed artificial

i nseni nat i on7sanpl 4 i¢thad af produdieg ef mawnal aspisérivsd ol chan d® aderemesardastamlof d
fertilizing at le gﬁyg
equi ne mamal a sﬁ@%:eéﬁ%esﬁﬁq e}Mntanr{H ﬁ’?lé:g%t%g vl %fsé@? F &feg Bpﬁﬁﬁﬁaﬂéﬂ

ei ~2 environnment comprissdke tdpef stsapsg wid inggpenativn seaipje dees wrthinngyd aterine horns
significant nunber of equine sorted insem nation sanples into a significant
nu ber of fermales of said species of said equine mammal in rapid succession
and in farm or ranch conditions. 77. A nmethod of producing a mammal having
a predeterm ged sex , %h% }01899 rﬁ%n%él‘ 74de§cr}‘%!@§ﬁ§'cibuﬁaé AhEa D&

has uterine horns ] |n s I nser sai d equi ne sor ed
artificial insem nmsqrmg ssdnmemmamrmaalpmmalaéeimﬂe sfand ssmpéalmalsraalcftl@lqm ne
manmal conprises t Pa.0f . 1N I i fee td.fi Gl

i nsem nati on sanpl %%Bﬁlgﬁ th Sltelp &elé'génn%t% gﬁglwgﬁﬁw&?ﬁ ng}ttﬁé Slﬁ{de%ﬂlg 0T NS
of said equine nanmawghmSUﬁ#ﬁwe®h@dmmﬁﬂwnmumgﬁng a manmmal having a
predeterm ned sex as described in claim74 1q wher ei n said equi ne manmal
has at |east one uterine horn and wherein said step of inserting said
equine sorted artificial insem nation sanplelinto a fenmal e speci es of said

equi ne manmaly COnpgi rﬁ&ﬁo& Be P?otdﬁcgﬁggfa BARENT AP ciRh dn GNP WJHBREMNALLS

sanpl e deep mnthln sa
mserting said insemination sample into a female of said species of said mammal further

comprises the step of inserting said insemination sample within said uterine horns

trough the use of embryo transfer equipment



79. A nethod of producing a manmal having a predeterm ned sex as descri bed
inclaim77 15 wherein said step of inserting said equine sort ~d
artificial insemnation sanple into a fenal e |species of said equih@ HAMMAH?
further conprises the step of inserting said jequine sorted artificial

i nsem nation sanple deep withikr said uterine horns. 80. A nethod of
produci ng a mammal having a predeterm ned sex as described in claim?78
wherein step of inserting at least a portio of said equine sorted
artificial insemnation 20 sanple into a femal e species of said equine
r~rammal furiher chmmtholesf pleduciigep mafmmahserde‘sqn@edsal dlame i whergiorsaddstep of
artificial insem i id.u u of
enbryo transfer egﬁ%H%gﬁ%ﬂpg%gmﬁ¥EH og@ gm gqgﬁg?ﬁpg&anggﬁg &ﬂm&hﬁm“&%
predet er m ned sex @mpdevsdhd Hedofi insegthr Said71956mmtlen ﬁarsnlep“ftb‘fe haqueseafier ﬁg tgad d
equi ne sorted art 'mﬁ&lﬁk ﬁéd%r%ﬁ% PR ﬂH}Qi f%rm‘iﬁg?e RsdBiR.g 25 species of
sai d equi ne mammal rtfer conprise t e step of I nserting said equine
sorted artificial insem nation sanple mnthln said uterina horn through the
use of enbryo transfer equi pnent. 49 r LO~2 82. A method of producing a
manmal havin? a predeterm ned sex as descrlbéd in claim77 wherein said
step of insefting Adnadhasoph prgdyping # ingmanal jas stspirbed b glagm fpivberpit edastére pial e
of said species of i ed
B e e e P
general | y regar dednsguasgon ﬁ%ﬂlplff ovhegeis Béﬁ@; step af wiseripg sgid jinseminptingt Siaolnle 18%3.a A
met hod of produci ngyae lof BAY il cﬁ'Ts%@iam e bt s SRS IR Ll

cl ai m 81 wherein sald step est equine ~ sorted artificra

i nsem nation sanpls@pd&@ﬁablgb@g ﬁmmgmpat@n sasgmlabmﬂ@ﬁ loy ambgndsaid spaiche
sorted artificial Lpsam, patd At SERBAGsHEEG dhsal d step of sorting said
equi ne spermcells accordindﬂ the 10 determnation of their sex
characteristic occurs ~t a sorting tinme) and wherein said step of inserting
said sorted equine artificial insem nation sﬂnple into a female of said
speci es of said equine manmal occurs not |ater than about seventeen hours
from sai d sod?ing 4 mithas. of p@duciny aremdnuopl i dseasiied inglaan Pawherbin rawdi siep af
predet erm ned sex r e

est abl i shing an eq%?‘n%%lﬁ&sdgr l‘tﬁeéﬂ n‘éhrn? J|1 ? étnl}lgjm&lﬁns\eé?n%%a%n{'boﬁi%ssgdbﬁ hzr&c%;rr%?flméféns
the step of est ablinshimgonsamp&orhsrenespid step 96 inserting said ﬁnsemmathnlmemerﬂatomn

sanpl e, wherein Sai‘exgql% tsge[():leg of Sa9d ﬁhﬂ]&aﬁ&kﬂs SOUABENSPHo t@r?héu?s ﬂ&rﬁ ‘35.18' 'stl@%glf 0

the determ nation o sex characteristic occurs [at a sort

and wherein said sets@phscbfnguswdelrspmmgu@naﬂampl@@amba ko mtﬁﬁl@r@ﬂsaidn:s@rmw § felfive
sanple into a femgl,g,508 lgﬁlﬁglgll 1ﬁ&h1%a‘?191‘r‘bd§§ge mammal occurs not |ater than
about ten hours fromsaid sorting tine. 8b. ﬁ nmet hod of producing a manmal
having a pre eterm ned sex as described in claim75 wherein said step of
determning the sex charact ristic of a plurality of said equine sperm
cells conprises the step of staining said equine spermcells with at |east
about 38 mi cldnol ah mthed efi prodacieg aamﬁmmZBaS%SCﬂAedfmltcﬂm lofrthar sempiisg the srammal

having a pre eter sai d steps of
determ ning the sgﬁb@ﬁn@gﬁl ??%){j‘?lg&g fu?lg*aﬁﬂt);gfgzﬁd iﬁgﬁl@%gw ne spermcells
and sorting said equine spermcells; accor di nlg to the determ nation of
their sex characteristic, wherein a sheath fl‘ui d environnent for said

equi ne spermcells 50 ‘
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Z ~ ,IU" ~d~1 contains hepes buffered nmedi um conprise the steps of: a.
establishing a cell source which supplied equine spermcells to be sorted,;
b. chem cally coordinating said sheath fluid jenvironment for sai dggguq |E 9093
spermcells which is coordinated with both a lpre-sorb and a post t” celz
fluid environment; c. sensing a property of said equine spermicells; d.

di scrimnating between said equine Jj spermcells having a desired sex
characteristic; and e. collecting said equine spermcells having the
desired sex characteristic. 87. A nethod of producing a mammal having a
predet er m ned4sex Asnatesofipbeldcing a alaginml Halwmg)a whdeteimmnnglased as ﬂ@plsbedfm claim
determ ning the se i g 0 I Y..0f d

cells and sorting is(?al ﬂ-ﬂ%la%%ﬁé}lﬁ e(rfhr?1 be Iog] %!‘)’%dslaﬁd e% e(ﬁg %dlﬁgﬁg%%n
of their sex char a@ttfemmstwrcofswh@mhmraaemmath fluid en~ A| ronnrent for said
equi ne spermcells contains hepes buffered nedi um conprise the steps of: a.
establishing a cell source which supplies equine spermcells to be sorted,;
15 b. chem cally coordinating said sheath fluid) environnment for said

equi ne sper mygel | SA\M&I{GG o? Eroﬁlg:ﬂ{gdi rﬁzﬁ'ﬂrﬁg a%ésalﬂ%mmclﬁmplu%h%gﬁr{ sa@&‘de

post-sort cell fluid environnent . sensing ja property of sal ng ne
spermcells; d. di @pﬁrﬁmﬁgrﬁamsngmtfeﬂwemd@at @dﬁ!ﬁrm@amsqféhqm seefllamcisastiong a
desired sex charac{gf 1§és't§est%§gf 20 e. collectli ng sai d equine spermcells
having the desired sex characteristic. 88. A nethod of producing a mamral
having a pre eternined ecgablisking depsom p@b&ﬁuncnwmchrsunplles spirar sslintodaisepastedps  of
determ ning the sex ch ity of said equine sperm
cells and sorting Bs(al dgéeng&%gg}@gﬂéf%]ﬁ%g? ewng%:@gérdl ng to the determ nati on of
their sex characte¢i st idserininetingibetvaerssahaphrnf ¢ells bavemivi desiredesent caoictegsicdand
equine sper m cell 5425 coRLAINAMBARS UL GRoE TEHUM GaABELSE Lhe Steps of
a. establishing a ceI | “sour supp &s equl ne sperm cells to be
sorted; b. establishing a sheath fluid for said equi ~ a spermcells; c.
sensing a property of said equine sper~~cells; d. discrimnating between
said equine i spermcells having a desired sex 30 characteristic; and Sl

2 8 ~l ~Ev 2008 e. A@id@dtofn@d@aigchmqnmd@s dpsenibed dedlig lﬁavheﬁeﬂgsatdrseep@le%i red
sex characteristic 9] u e

a collector wherei %eﬁgjac%s%}as Rﬁ"'c Ea%gd@ %"Eo lhr@?%%gﬁ'ﬁ%q |Aaflﬂ§m&%pc51
in the bottom of s’éartderccollnbe@sdnesupmbfmher ein said collector has

a~configuration suffici gor‘lf}dh}galﬁbr“g&&gaeq.\/oi d inpact of said spermcells with
sai d col |l bctor. P ’

ith
SP ui d

l
b. establishing a sheath fluid for said sperm cells. and

| . .
€. collecting said sperm cells having the desired sex characteristic

17. A mcthod of producing a mammal as described in claim 16 wherein collecting said
I . .
sperm cells having the desired sex charactetistic further comprises the step of

. . |
cushioning said sperm cells from 1mpact with a collector.

|



89. A nethod of producing a manmmal having a predeterm ned sex as descri bed
in claim74 wherein said steps of determ ning the sex cha;acteri§%$qjqf le
plurality of said equine spermcells and sortjing said equine spe i s
according to the determ nation of their sex characteristic conprise the
steps of: 10 a. establishing a cell source which supplied equine sperm
cells to be sorted; b. establishing a sheath fluid for said equi ~e sperm
cells; c. sensing a property of said equine spermcells; d. discrimnating
between said equine | spermcells having a desired sex characteristic; and
15 e. col |l ect$.ng shinktegudinerodysirgm aaimngl ra,a\di:?ﬁgquh’e dainy Feovheres said step of
characteristic in Iy t I I i LA i reent
egg yolk prior to r%%‘ﬁr?’rleb%%i %Sﬁl af%kg{:}c&tg{ﬁgtfell (H)(%Igpé{%%{]fé%% l:alr?gga glgg%keeram%ﬁgg fgo?x
produci ng a nammal cytfmeter delergieshidSigh spoediBiew cytbaeier serte bad spera cadlidt 4 ke Hat
conprising the st 1 {d equine sperrn cells at a rate of at

| east 500 sorts pggw?S%%Bgégggﬁﬁagl. A net hod of producing a manmal havi ng
a predeterm ned sex as described in claim 74 land further conprising the
step of using an ovul atory pharmaceutical to cause nmultiple eggs to be
produced by said fermal e of said species of said equine manmmal conprises the
step of injed?ing A nshod 9 pepdduging § mamaakas deseribed Mgrimo srdfarther spiprzametthe of
times a day 25 \Ahesrt@ﬁd?u%ﬁgQnwﬁ}alt&;ﬁﬁaymmamdaﬁ@%wsbﬁﬁlﬁpleseggsmo%eF%audea hal f
day increments between any of days 2 and 18 of the eStrus cycle. 92. A

met hod of producing a manmal having a predeterm ned sex as described in
claim9l wherein injecting said dosage of follicle stinmul2~ting hornone a
plurality of times a day | 52 ~~ 4~~w 200 conprises injecting said
follicle sti®dl atifgmadedroefe Pradueiphpraonarerad| g6 Hascribedayn | imedBnivhergip gpid
dosage | evel of 6, Riadly phamfcenfical 4s il‘?}@&edz1”51@%&)%%&%%%6%&&9%@2& days

i nclusive of the estrus é@cle and wnherel n suppl enenting said dosage of
follicle stinmulatihgpdidrofthsestistchclpr ost agl andin F-2-alp ~ conprises the
step of injecting 25 and 12.5 ng of prostagl andin F-2-al pha on the

si xtl ~and seventh dosages, respectively, of | said follicle stinulating
hornone. 93. A nethod of producing a manmal having a predeterm ned sex as
described in;glai My 92.MIQE floBuchf LnshER 19¥in R plehGnSRRl 42 W RELSPR LML 8! S
at a rate greater than or equal to 500 sorts per second conprises operating
a flow cyt preter iwhareia spidisge abfusiagewuovwatRiy RbpERaceuticy tp Gausp gipltiphpeees to be

ki lohertz. 94. A methoad) QfnRiQdHCgofanERIE R HoRaVirislide RiREhRLabMdEd Sex
as described in claim93 wherein said step of collecting equine spermcells
having the desired characteristic conprises the step of cushioning said
equine sprmcells frominpact with a collectijon contai ner wherein said step
of cushionin% conprises an initial collection fluid in the 15 bottom of

sai d col | ectZdn coftmsithpdrof afpducine 4 nqneiny| havingie prfqteened sexcaswesripeeh n glagm 3
configuration suff h'ﬁérﬁﬂt Lya |s8h96r Qe did MBASE dewidifis 3hsluBGM MBmRET M
cells. I 95. A nmethod of producing a mamal having a predeternm ned sex as
descri bed in cl ai mEproxihaeleihplf day idcremenss SHIREES I BesRgrgoshptio.6qdiire?. Spbime
cell's frominpact Wt&&nada%p‘,b L RCHI MR &leNSind ¥l Ad Airh&NSdniPBEiRE tHRRtep of
sufficiently 1 ge to avoird inpact wth said %ﬂU|ne 20 sperm cel IS conpri ses
the step of provi dinsgtizg 25 dndde i g olispttaglandin Hzrelphgyomthg sixthetnd sesnthglosages st
fifteen millineter g, 98, D RN i ONkRORE 7 system for isol at]ng
equi ne spermcells For produci ng a mammal according to claim 74 conprising:
a. a cell source which supplies equine spl rmcells to be analyzed by said
flow 25 cytoneter; b. a sheath fluid source which creates a s eath fluid
environnment for said equine spermcells which contains a hepes buf red

medi um
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c, a nozzle through which said equine spjenn|cells pass while subjected to
said i 53 z s J~~~ 2002 sheath fluid environnent; d. an oscillator which
acts upon said sheatlh fluid as it passes through said nozzle; e,zaggﬂmigﬁaz
sperm cel |l sensing system which responds to said equine sperm cel I*s; T
sorter discrimnation systemwhich acts to sort said equine spermcells
havi ng a desired sex characteristic; and g. a collector into which sorted
equi ne ~ spermcells having said desired sex characteristic are placed. 97.
An inmproved flow cytoneter systemfor isolat ng equine spermcells for
produci ng a FamaiA dethebelcppiisig anmanaalas ggscphet @) dpug Ao pnd gihessr ¥id 51 efsed
to provide a Sort%Qeé@nﬁ%%hﬁﬁk%hm@ﬂéﬁﬂ%Bﬂ&bﬁﬁﬂﬁﬁﬂp&ﬁiQﬁﬁh@gmﬂ&dﬁgﬁ%u$@9 25
mllion sorted spermcells. 98. An inproved fjl ow cytoneter systemfor
i sol at ng equi ne SPER§NSHA|SPENY eells reeridia ey the : Aefprranatigy of sl Feyeeharastepstigi m
97 wherein said nygakelondiftd hak@p of &8nlngSEASHA &YISLERId AR AARLA with at
discrimnation systemare part of a flow cytonmeter system and wherein said
flow cytonet er sydPEbedipaidegolr sgntent 8lfdr whi ch ~orts said equi ne sperm
cells at a rate of 15 at |east 500 sorts per second. 99. An inproved flow
cytoneter systemfor isolating equine spermcells for producing a mamal as
described in claim98 wherein said nozzle, oscillator, cell sensing system
. .o . . | )
and sorter disscri i Aahbdet p‘#&ﬁ&lﬁ?ﬁ #hafnfekdvigla RedeleAMnQYQ ARARERY §f @4maBd
wherein said flow cytoneter system conprises ja cell sorter which Sorts said
equi ne sperm cel | $orEer gompis@e dhe stepxyf chemicallysqoorimng g sheathfyid swagpment fgo.
An i nproved flow Gyd@n&iIewhiyiSk QBdAiREted SAUMABHIN Greo@itl 8 [RBES M Hoint Self Alud
produci ng a mammal as described in claim99 wherein said collector is used
to provide said s6RYEHMENMEqUi ne sperm for artificial insemnation. 101. An
i nproved flow cytoneter systemfor isola ing equine spermcells for
produci ng a 25 mammal as described in claim92 wherein said cell sorter
sorts said equine spermcells to be analyzed |at a rate of at |east five

hundred sorts per ssfe®bd of phducide mhthal 8¢ desd@oed AR chin 302254 18616,27 or 18

wherein collecting sperm cells from a male of a species of mammal comprses
collecting said sperm cells from a male of a species selected from the group consisting

of bovines, and equines.
|

|
|

26 A method of producing a mammal as described in claim 25 wherein said step of
chemically coordinating a sheath fluid to Jreate a sheath fluid environment for said
sperm cells which 1s coordinated with both a pre-sort and a post-sort cell fluid
environments comprises the step of estabhs]hing a cell source which supplies bovine
sperm cells and the step of establishing a%sheath fluid which contains about 2.9%

sodium citrate.

|

|
|



An inproved flow cytoneter systemfor isolat [ng equine spermcells for
produci ng a mamral as described in claim 101 wherein sai cell sorter
operates in a range of about 5 kilohertz to about 50 kil ohertz. 2§ JUipr2pgd
flow cytoneter systemfor isolat ng equine spermcells for producing a
mammal as described in claim99 wherein said ollector conprises an initial
collection fluid in the bottomof said collector and whe ein said collector
has a configuration sufficiently large to avaid inpact of said spermcells
with said collector. An inproved flow cytonetier systemfor isolat ng equine
spermcells for producing a mammal as described in claim 103 wherein | said
col l ector coppriseg rﬁetlﬁfﬂ' éfeﬁB&&ﬁlgC@%M%s hawing @ él'ahﬁnﬁ GherBh s%id LgASE
fifteen rr~illinmeters. i mproved flow cytoneter systemfor isolaxing
sperm cel | s accor dihpgicaly 99?2‘? ipatiggp sheatly Apidi teicrgle & sheathcbng cavdigpment ipi i
suppl i es sperm celceligiynicR 1@@00?&1?&'@&2\%@'1 Bh b Bee- Jol’toiﬂd QYJoRBHREH ﬂtard e?wuonment
chem cal |l y coordinated sheath d) source whi creates a sheath fluid
envi ronment for saiclPepsthe ) qf§5t9«HlSE1H$ ajegll g%lrfécy‘tfw\ Lprlise cauisr BEHRELE 24 t h
both a pre-sort anfe cPasbnsiRhig 8 BRLMMRE] Whitl dnfhi bR BIBRLd médiy@._NOzZl e
through which said spermcells ass while subjlected to said sheath fluid
environnent; d. an oscillator which acts upor+ said sheat~ fluid as it
passes through sai d nozzle; e. a spermcell sensing system which resp nds
to said cells; f. a sorter_discrimnation systemwhich a is to sort said
spermcel | s 5%cor ot rigpthed efhrpductigya mapnal as deserbqdeint dauny Hy gyhogsinciyids sipry of
sperm cel I's sprt edofcsaf il Gpdr@ delehdvinge @ésﬁedjieﬁ(éﬁﬂactﬁﬁnb REN &fpkik @Whe
cytonmeter systemfor isolati~g spermcells accordi ng1 to their sex as
described in cl ai n§tePos avHdipgintpagtal spid eperp pells Atithspd £ollF@T conpri ses a
nutrient which is nutrient after conpletion of the sorting of said has a
collection fluid) wherein said ed to bal ance the anount of said cells. 2002
55 2 8 JUJ zooz 107 5 108 10 109 15 110 111 20 25 An inproved fl ow
cytoneter sysgem fQrmdissl @ft%remlcﬁigeet tHaf@lal 95 AGLABA MOclhiM 2 QhEremEBdPSep of
described in claim105 which further conprises, a collector into V\/mch sai d
sperm cel |'s havi ng™adedmpay 0%%545&&%%"% pith said gollsetar eqnpxises thinftemmofPEMiNg es

a citrate coll ectipgifdtishdontainer having a diameter of at least fifteen millimeters
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| containing about six percent egg yolk. An inproved flow cytoneter system
for isolati g spermcells according to their|sex as described in cI ;}&ﬁ
wherein said nozzle, os illator, cell sensing system and sorter? 8

di scrimnation systemare part of a flow cytbnmeter system and wherein said
flow cytoneter system conprises a cell sorter which sprts said spermcells
at a rate oBoat Aemgroved BOOcaométer spRém 2 ¢helng dharmt calls v erddiding mathmaret er

system for isolati ccording.to their sex as described in
atpgRehemeod R S ' | i

cl ai m 105 wher ei #§° SPBP'R4¥Ad sheath fluid source which
creates a sheat ha.fl UIadelEs‘butcE ohitk mippfiersparai w@ll{ ©pe amlyzed lb)sthu\hdwzhytbmetael ect ed

to be coordinated wt th. re-sornt _and a S ort s cel,] fluid
envi r onnent congbrl seé Peagl @‘f‘?rs'og ¢ ﬁ‘ﬂlzcrea}f“m&&o{\%é “MIBW %m BHat &pere system

for isolati~ describedlsin cl ai m | 05 or 109 wherein said ceI I An i rrpr oved

flow cytometer Sé/St er;PnEO[et )FS hllac%d ld spemagellm %ig%gﬂ\th%Ej (ited tggmlcggxes fuigOu’ c€

An inproved flow'cyto esc I erein said
co spermcells accorcdmn@nmmti hel r sex as conprises bovine spermcells.

sperm cel I's accog ding, |as el fich it Gbn AN LG TREM T GEkbnoRRCLI B8N, S

according to thei'r sex as i provi CI al
i nsemi nation sanpl e. akg@mAell $mn8)vetdmfwfmhresyj>mmmd sssrstoelh for isol;

described;jn clajm1 i adid anpl e
havi ng no dm numa)fer o%%%%gg;ﬁ%&walﬁ%%r ov%ﬁgaﬁn&)g&tgﬁé rbﬁ](i%regrcm ce%qgth%
according to their seﬁtexasnaitlﬁmt‘twss’a‘?hpnaete@aﬁﬁfraurs*es % leg® P PReprts perse@Bdut ten
percent of the typicglg~rted artificial |nsem nati on dosage. 56 2 8
~'~~"1 2002 114. An i rrproved fl ow cytoneter stem for isolat described in
claim 112 wherei# saiagokssior i wiich s950d $ﬂ§“%§ﬂ* &Vlmﬂ'las@ﬁ‘f%éﬁ eharagtemsbic areand
wherein sanpl e conpripes @ dosage of I|ess than about 1 5 115. An inproved
fl ow cytoneter system for isolati~ described,in claim112 wherein said
sorted arti

15 31. An improved flow cytometer system for isolating sperm cells for producing a mammal
|
as described in claim 30 wherein said sheath fluid source which creates a sheath fluid

environment for said sperm cells contains citrate buffer.

32.  Animproved flow cytometer system for isolating sperm cells for producing a mammal
as described in claim 30 wherein said sheath fluid source which creates a sheath fluid

20 environment for said sperm cells contains a hepes buffered medium.

33.  Animproved flow cytometer system for isolating sperm cells for producing a mammal

as described in claim 32 wherein said cell source comprises equine sperm cells.

34, Animproved flow cytometer system for isolating sperm cells for producing a mammal

as described in claim 31 wherein said cell sour¢e comprises bovine cells.

25 35.  Animproved flow cytometer system for isolating sperm cells for producing a mammal
as described in claim 34, wherein said sheath ﬂixid source contains 2.9% sodium citrate
buffer.
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bovi ne sorted insem nation sanple and wherein sanple conprises a dosage of
| ess than about | spermcells according to their sex as cial | nsxi nat i %
sanpl e conprises a id bovine sorted artificial insem™nation hund § ' 0
t housand bovine sperm spermcells according to their sex as ial

i nsem nation sanple conprises a 1 bovine sorted artificial insemnation
hundr ed t hodéandAbovirexed dlowcriometeGsystam forigpladipg spefm eslls éripmduciag a mgmmealm f or

i sol atin sperm cgl g crﬁ’)gtﬁ;@.rc(ljiuﬂgotﬁ I8 R4 3E% »@&r&?sa@lﬁ&%dt&qguéeﬁ'tocder@\lu{lg 112

wherein said sorte arti nsem natlon% e conpri ses an ui ne

sorted i nsem nat & aortedzampficial insemipptiancsampls lpving fomn rebout d PYectd about iSPYocy éllle
i nsem nation sanpleFOHERE kRAER cAls MRR06 R tydi&P Shsbif@AnAbAUhseh@latiod Sainple ON

equi ne sperm 117. An inproved flow cytonet el system for isolatin sperm

cells according to their sex as described injclaim 112 wherein said

col I ector 5587useﬂntxr9pr9¢e‘a\ﬂod‘%i@m§fef§ﬁtgm5ﬁ5rtléoﬁdtl %?denﬂ-@ells@&%%dﬂéﬁg Phasanap! e for
artificial insem nation. |, roved ow cytoneter systemfor

i sol ating sperm gelepcsibedip slati %Fgwa'éelwmol Hﬂfa@ea@ga)rlﬁqséduwn&samems

wherein said cheghgzinlshii csén%gl?reﬁh@@l cSipdedar initfaleoB QbR BuiAGHTHE ibSEsm 8
sol ution containing a hepes buffere~nedium 119. An |sré’rl*§_;€oved fl ow cytoneter

system for isol atdi %le@gean%weerr:mmae%ﬁtam@aq-eilfkgwémn iegdy brge @4 bed in
claim 118 wher ei [npadd ot s£& berns 041k Gth kRABSIl&6S - equi ne sperm cel | s. 120. An

i nproved flow cytoneter systemfor iso described in claim 105 wherein said
ch< conprises a solution containing about 2.9% 121, An inproved fl ow

cylt f)met er 1? V381 € Mah @hprbwed|fRtvi cytoaﬁted@stemif&edalaitmg §petrh BRI3 6 pvdgieflﬁg ﬂg&xﬁiﬁdl ]

col l ector sperm S, .accor sex as. | v coordinat ed sheat

Flui d sour e um B ErupE NSREH i WEr s HSER it e P B ad BoEShi oni ng
el ement, wher ei nsﬁcmparrﬁaells with ¥aid coltector comphikes Quﬂhbt(d’nlclgalﬁéreﬁﬁﬂg a diafpted ses
initial collectio n th ttomof the s$aid collector and wherein said
col l ector has a Bfg%rqaﬁd{rﬁﬁﬂ'ﬁﬁmée?rfl ciently large to avoid inpact of said |
spermcells with said collector. 122. An inproved flow cytorret er systemfor

isolati g spgymgell cordi.n o.their x!|as in cla
wher el n ai d%bol REBYBY BRHBEe s R P Ty Pekt e BT hg
el enment. 123. Anstepspfoved flow cytoneter syst emfor isolating spermcells
as described in ¢claim erein ection
tul be. 10 124. A% [ rrpré‘\:féaw ow® c orrlgst%?rms%%t g};%%gaplgggg %H%Q%%ér mcells
as described in Blai met‘cﬁﬁmmgetreemcfsaamdnatlolof eglthabiy of sAbkbdvmeaperimeealsst about
lift en mllineters ho i S q a

g sal%sbovﬁai%trTocgglé) §q§§ B\tg tH Qe @e%rmn%%xl 5t thait A8

flo~jv cytoneter accor mﬁg to C
characteristic, wherein a sheath fluid environment for said bovine sperm cells
20 contains about 2.9% sodium citrate; ‘
d. establishing a bovine sorted artificial irsemination sample having between no
more than about one hundred thousand to no more than three hundred thousand

sorted bovine sperm cells; !

e. inserting said artificial insemination sarrlple into a female of said species of said

: 1

25 bovine mammal; i
f. fertilizing at least one egg within said fémale species of said bovine mammal at

\

success levels of at least 50%; and

g producing an offspring bovine mamma] of the desired sex.
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25 conprising the steps of a. establishing a|cell source which supplies
spermcells to be sorted; b. chemcally coordinating a sheath fluid t
create a sheath fluid environment for said spermcells which is grd}'na@ﬂ@lj
vJ,ith both a pre-sort and a post-sort cell I fluid environnent; ©. sensing
a property of said spermcells; d. discrimnating between sperm ceI S
acco~di ng t 40.t heA methed pf mwddcnegammNnMVlnga m‘pdﬂtemnueﬂ bex ahdascmtgdudr&amiéim red
sex characteri st 6 as . descri
claim 125, wher e\!vlﬁereslélga stxft%oFFert?mnﬁgtrh:aga % r}qmﬁxpn d;aﬁ' f% alégf salﬁ cCies ?fles
fluid to create @winemehinmgpl cmh;brﬁscs the step af ﬁtrtéln graohzmpne éggrwxﬂm s;hxdsfceuam ceI S
which i s coor di nglad WLiilu R ermol b Ll S LQMIRRL, 127, A method of
sorting sperm cell's as abli Shi ng a cell 'source conprises the step o
cells. in claim125 wherein said step of a source of bovine sperm 58 2 ~
JUua 2 12 me i

aherein sa 4 st o arocr At hpIxaREkarife 1 Bl ARRl Ll diuf il

of ~est abl i shi ng @& 49owheren edid Etep;wlﬁmsgpl@&md@evmssor@QQl‘tlﬁﬂahmemtl@fSaslght| ng

spermcells as 'ﬂfflﬂnﬁ Create
a cells which i gﬁ%g%{r‘egﬁle%fgég&:g%&ﬁé hysaﬁp&wpr e{sor ? mgdo%gl?% ol ie#agnet %5
est abl i shing a cwuithin sad femealesdseid gpegigeiofcssiddpyine mampmakat Sreess FPVﬂF of a leafti ch cc
130. A nethod ofSOs/prstdcg(gnpﬁi}g&rdrm £l snvdsnflgscri be 10 chenical ly coordinating
a sheath fluid to create a cells which is coordinated with both a pre-sort
conprises the step of establishing a cell source sorted and establishing a

sheath fl j dpwhi leheﬁ'ngﬂ of fodubifk %&%&al"lﬁﬂﬁ?h xﬂm%&ﬁ'& a9 flese@ell il Alé:ﬂn@9
envi ronnent for said sperm d ost - sor | uid environnment ich

suppl i es bovi ne %%ﬁ*wa&bﬁt@gofvbﬁeﬁ'@g F%boawse&mé m@%lgldwmw\atantswwl"elnthﬁldc| ai m

128 wherein sai deshieBr @fd sp&ted of daldivdviBé b AR fertiliOhg Hadast oRPENimiH sBid
post-sort cell fluid environnent ich supplies equine s%(iarm cells to be ins

a hepes buf f er edemalgpr{sHd SP‘?.‘:T“WW@PHBH“HF“@GH“F%@? leyslsohitdest 39%4a adgldcr i bed

in claim 125 whes@irdhnfeni &n@ﬁ@@th@&eﬂs%f&ﬁ&tﬁbély laérﬂ@ asigaftichnt SOHb& Bf BRHR | S€s
the step of | and further conpris S 0|d|n c, wherein said
step of cbll ectlﬁ?&e‘gé‘flﬁga H%ls\?‘i“H‘@“‘{"rfé’%E Has‘é% ééﬁ‘ét E“E‘H ogfa qngf"éﬁ%?frf‘@dsal d
initial nutri theeseggkad bMeQﬂanﬁﬁdld-nrS;h&B.w@efssanOhﬂdGﬂfdrrﬁ@rﬁﬁélﬁboﬁdlh(disng an
initial nutrient for said cells ;tion fluid hutrient for said cells and
fired characteristic in a collector fluid and said collection fluid

nth rient ame.r 2R mk&dd oPprGHﬁExh%)dn@i]J msnfamhg\gprsl | Eddek s (&ﬁcriﬁ(ejd;mrciahg@i n

cl ~im 125 erein sai of, collecting,cells having.the desire
characteristic it & ¢ B’?‘Fré‘ {5 Boyvigr cS“aE‘b’Pf‘g %““te "?tagﬁ Wl PPt ng a
citrate collecti mm:rtfdgumﬂlsmmbmnalangcnalbﬁmmmsmon spreple mrisaid Ggnajeaécigpf said t 0

co nei N S ai d St Vit m%];mn% cl.olm%nses He step of inserting said bovine sorted artificial insemination

sample both ipsi- and contra-lateral within the uterine horns of said bovine mammal.

44, A method of producing a mammal having a preJetermined sex as described in claim 39,
40 or 41 wherein said bovine mammal has at le ] t one uterine hormn and wherein said step
of inserting said sorted bovine artificial insemination sample into said female species of

|

25 said bovine mammal comprises the step of linserting said bovine sorted artificial

insemination sample deep within said uterine horn.
45. A method of producing a mammal having a predetermined sex as described in claim 42

41




133. A nethod of sorting spermcells as descrnibe in claim132 wherein said
step of 25 establishing a cell source conprises the step of stabtiigir,ﬂg ?
source of bovine spermcells. 59 zZ ~ ~~~~ z00z 134. A nethod o P IZ@]
spermcells as in claim125 and further conprising the step of insem nating
a mammal using a sorted insem nation sanple. |5 10 15 20 135. A nethod of
sorting sperm cevlesimpiddtes of ingeatthg-said bovanerspte@Brtifigial ineaminadiop sampilaiigtotshid st ep
of I collecting I I

conpri sing cus h|%ﬁiﬁ%gPsglglséfélsep@ré%@g%&{g%a?l?@lFu gergﬁpr\%\n&?ﬁ a*?ﬂ#%%f%? ldwher bin
cushi oni ng sai d boyae mr@énqsmm@wgrsmvésdmm@mmﬁgtegm pmspermcells into an
initial coil ctor fluid in the bottomof a collector and wherein said
collector has a configuration su ciently large to avoid inpact of said
sperm cel | s4v t hAglaih@r? eforedueingy mammg hayingppaéterpmed sk @ drycrihsed imalaim43s as
described s h cl %H&éx??teﬂ"@?fn@é fﬁiodbo%in%l%oﬁéd dift GhsABa iR élmﬁi%%t@‘sﬁﬁ' I's
into an initial collector r~ the tomof a collector and wherein
said i coll ectorfemlsofaﬁaléémemfrsaﬂPwesnmaémmrmmmmsgheSm ofipsardng sedact of

sai d sperm cel | s,o\nk Ebré@hqﬁﬁﬁllﬁs@ﬁtngﬁonc‘s@iﬁplre '\ﬁtﬁ& shifl GteRhERPhrddip R He Asd 612

coll ection container. 13 hod of sorting spermcells as described i-~t
claim 136 mherelqm@%ﬂtﬂnéff@ﬁ“%me‘ﬁr oviding | a collection container conprises
providing a cpllection container having a diameter of at | |east 15

mllimeters. 138. A nethod of sorting spermcells as describe in claim137
and furt her 4Zonph F’§ihﬂ‘b°ftﬂ‘@“‘§t‘%‘bm8’f‘m§lg‘ﬁ‘{‘P%\bpr§daﬁ‘edm{9€‘i’ fex agfeseribed nelaim 44t | east
5 0 sortsigher sepkdidn stb9f inferiiil ARObVineSoRdd ai@ﬁcs@eﬁsemed,dn%a&gedﬁ@csambed) in
claim 138 vvhereldtn sgﬁ? st ep, of S?ét' nqnsal IIs at a rate _of at ﬁaSt S00
sorts per sec ndBfphspidsReciesef saif aoyingt 3(915%43 ?{Qorﬁp"fsfsw s5prod rsten

range of about Sookink SRl hrfifidisl llﬁkHﬁlln'é@od@ainﬁllaQﬁt&LZl saﬂ%@nnﬁdﬂiﬁ&?&@hﬂfeu@d’ﬁ‘dum ng
a sexed spermspgr% ~en s described in claimil25 and further conprising the

step of sorting rthE?éfF’seqé‘Pmﬁmlvate of at |east 500 sorts per second. 141.
An i nproved fl ow cytorret er systemfor isol~ting sperm cells corrprl SI ng: a.

2yf glrrlet Z?ur gg V\:hA methgéJ El%rcgd%gng a 1?1 e h%.\(/allng as preé’c:te:r‘x(;"]mg'c[| sex% gescn%d n c 49W 25

wherein said step of inserting said bovine sorted ,artlﬁmal insemination sample into said

female of said species of said bovine mammal compnses the step of inserting said bovine

sorted artificial insemination sample twelve hours after the time which is generally
regarded as optimal for a single bovine artiﬁciarinsemination.

49. A method of producing a mammal having a prec{etcrmined sex as described in claim 46

20 wherein said step of establishing a bovine sorted artlﬁcml insemination sample comprises

the step of establishing an unfrozen bovine artlﬁpxal insemination sample, wherein said

step of sorting said bovine sperm cells accordmg to the determination of their sex

characteristic occurs at a sorting time, and wh¢]rein said step of inserting said bovine

!

sorted artificial insemination sample into said;female of said species of said bovine

| . .
25 mammal occurs not later than about seventeen hours from said sorting time.

50. A method of producing a mammal having a predetermined sex as described in claim 46

wherein said step of establishing a sorted insemination sample comprises the step of

42




rr rr,s b. a sheath fluid source which creates a sheath fluid environnent
for said spermcells; c. a nozzle through whiich said spern1ce||sZpﬁs§HWWm0b
subj ected to said sheath fluid environnent; i 5 d. an oscillator which acts
upon said sheath fluid as it passes through said nozzle; | e. a cel

sensi ng system which esponds to said spermcells; f. a sorter

di scrim nation sasbhshivyaahnfeies sdried fRémingjpea simple | wWheredthaidrsttp R sdriingt dadi 1 sex;
and 10 g. a coIIectorlhaving F gu hionin% ?h%nenthwhereLn sai d cushi oni ng
el ement conpri se®THiT £FOLEE o040t JemBAT LT AT SR IBBTTTHE B RER VLG

col l ector and wh@ne€iand @B&rdnﬁ‘eﬁﬂitqt:df@n’seﬂﬁ&§sz¢d3ilﬂéeingnutiaﬁ sadiplesitifofal feagabf seidl ar ge
to avoi d i npact of.sa%d.& ern1FeIIs m#ih sai€ gphgectgr. 142. .An. i nproved
flow cytonet er sPSPERFET MFOTPLICPHY R FAF H38 A9UE PR EOUR TP sHLEPTE RS m | 41
15 wherein said collector conprises a contai;el. 143. An inproved fl ow
cytoneter temfor i.solating spermcells a Cr i in claiml4

wher ei n saslsﬁ?'co%é?eﬁhé)g og rror{l:)urcl1 gsnpazram%a(l) fe& ™ ideﬁgﬁlﬁ%deg;%ﬁfs c"&ﬁg}ngcﬁpar"gjed flow
cyt onet er syst enerf50 whesmlsait stemofsiptemmimicgethe sr-xakitar@mist'mi df @ dlurakityalf sdidrbdvdrik
wherein said col ' [ LT g b | r i de. 20
145. An i npr ovedépfe' ﬁ?%%ﬁﬂg%ﬂ ﬁgets (lghr% S@ g{Sga%ﬁé%sgaﬁg%lpéa%qeﬁgg@ﬁ((aurltlrha!clg f%ogts?’\g

descri bed i n cl anrrotd@landvereatiafstsmi d cont ai ner conprises a test to a having
t he physical characteristics of a stream natched container. 146. A nethod
of sorting spermcells according ~o claim 141 , conprising the steps of a.
est abl i shi n§2a calinethodof meduping & mavmpldiayiesa prodatermined bex af desbebed dr ¢lgn; 3925 b,
establishipng a s N fl ol ~ ] Lo I : sai d
sperm cel 'd; ' c\bﬁégéelﬂg%lélge e% CE)frdg6[‘%@"?'?’ E/]E(t)l?: Sgglg%}%teg%% %gﬁmg%lgtg?%%b%v%J e
?2Q72 d. e. 5 di sweimmielapidrgrinegsaidbevingsaerm-chligasrqrding tothedrptemminatiani afgheiro t hei r
sex; and col | ect{RghsRAEIE Shieeill@%hddth hiNE HARINFEA HE%iF BACRRh 3LilsC
conprising the step of cushioning sald spermcells frominpact wth a
col | ect or wher ei $Pniping @att dfAtorsgdinm sisiscompmgsthbestepsot nitial coll ector fluid
in the bottom of, sai Qstﬁtﬂishiﬁ%&b&l&o@r@gw%l?iuﬁbﬁbs%@ﬁhe*s' emfQlll @b Wrddas a
configuration sufficientl arge to avoid | npact o? said spermcells with
said col | Ector. B47. Ch@“ﬁd‘hé‘wr atiggyaid; shegt gy iEament forsaid bavine spasd el cl ai m
146 wherein said step,h i£ddshindd R Sth HpreREE MdaHobiSoft EAMILAPRGFbnMENT @

col l ector conprises the step of providing a collection container.
c. sensing a property of said bovine spermicells;

d. discriminating between said bovine: sperm cells having a desired sex
characteristic; and j

20 e. collecting bovine sperm cells having said desired sex characteristic.

53. A method of producing a mammal having a preletermined sex as described in claim 40
wherein said steps of determining the sex chdracteristic of a plurality of said bovine
sperm cells and sorting said bovine sperm cells according to the determination of their

sex characteristic, wherein a sheath fluid environment for said bovine sperm cells

25 contains about 2.9% sodium citrate comprise the steps of:
a. establishing a cell source which supplieé bovine sperm cells to be sorted;
b. chemically coordinating said sheath ﬂuicf environment for said bovine sperm cells

which is coordinated with both a pre-sor& and a post-sort cell fluid environment;

c. sensing a property of said bovine sperm cells;

|
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10 148. A nmethod of sorting spermcells as déscribed ~n claim 147 wherein
said step of providing a collection container conprises providi ngﬁ QUi 2001
ol l ection container having a dianeter of at least 15 mllineters. §9. A
met hod of producing a sexed sperm speci en as described in claim 148 and
further 15 conprising the step of providing a sorted artificial

i nseni nation sanbl e. dissOMinaing; hesvesre G2if | kANINEy SRSFR t @Hls Npxing g fdssiredse ti ng
spermcel l's conpri si Reracferistdk; @& | source whi ¢h supplies spermc 11s to be
anal yzed by the flow cytoneter; b. a sheath fluid source which creates
sheath fluid envronseletitedioviaprems pells hpdeg jaigd desiged sex qhargesgnistie t hr ough whi ch
said cells pass while subjected to said sheath fluid environnent; d. an
oscillator which acts upon said sh ath flui d&as it passes through said
nozzl e; e. &4spefmedied pledysinggmemmaldayingp rsdtermpise spx af deserhed in@aimg®d . g
sorter discrim nghdrQR s8Y¥ SkRBMRIemNnAE kiR P cRpdcteriStREIT ghehikty oha¥d R
desired 25 characteristic; a collector configured.to avoid i ntact

and g. g ]

bet ween sai d spefPfiMt&flisang seftagfai st eglis gFcordieg to the, detemunglienyof thejpsex

Cyt onet er Syst enHafEterishie | herdiiga SRRk MuidehVifonAsnideSakibbaAsk dpBrneéeRl Eondad, 62
2 8 ,lu~ ~ 2002 wherein said collector configured to avoid inpact between
sai d sperm cel | s2P8MP- &5 umbeiiraie ARPTSE BB FERSEL a stream matched 5 10 15 20
35 15‘2b Qn_ i nplroaledlfgit%ﬁyg @mtsegnraéswsifal?empﬁm bb\s@e{c Pk d@gs @me@dsne_agl I's as
escribed in claim erein said_cqllector configured to ayoid ~npact
bet ween sHl d spetm c§fti’§‘sﬂﬁ%lsaédaﬁ?‘8aﬂb8‘1“?5‘&“{"8?‘"8’6%15'1‘%g%"maﬁ SEgMm C«Sﬁ?i on tube
havi ng a~ di aneter suédsingia@ripkryy dfakigBotife speidr @tlis;npact bet ween sai d sperm
cells and the inner vcyal .s. of s%i d coll.ection tube. 3153& An in‘gr.o%ed fl ow
cytonet er systentf or YSEYPINATREy PEFEFImSE I?%”mﬁfﬁfg’%c“ref) VIng & GPTRC 1872

wherei n said step whehg&ideristd;dndcol | ection tub has a dianeter of at |east 15

mllinmeters. 154. An inpr.oved, flow cytoneter systemfor isola.ing sperm
cell's as describ®d i ﬁo{ﬁzﬂ?gﬁéa'i%,"mié‘%ﬁs fg\gn%[salqg%s%qe?eéi Warg‘éltfa%?“ﬁg%l?fée, sai d
o cillators said cel lcushtonsgnggidshosine nperanetlls ook igmadtevithdd sallectod whdréinra syst em
are part of a flo cytoneter st em and wher ei n, sai d.f.l, ow.cyt onet er system
conprises a cell sortcgs?ﬁ{wgﬂ%%e ff%m%rhsf’sdmglﬁgfcﬁq%egté% %m%tm éher%)ﬁgmoﬁ sglfd | east
500 sorts per second collSbrand whekinead ofllego donfigunasibt syfficigntle higeywosoidhavi ng
predeterm ned sex froma. fenmal e nl'gql. CONMpIiSiNg: a. creating

superovul ation in sailrapa%rﬁ%fﬁsg?cs)peggga e 1gxts91]qgél et%{op'wo eggs conprising the step
of using an ovul atory pharnmaceu ical to cause multiple eggs to be produced,
wher ei n sai ¢.ovu r . ical, .S LR ' o nts
bet ween anyq(s)'f dé%%xgﬁg&{fgg %? %t%gglehsa%lrﬁ%éBdgyc%rgfg{eggex&g? zesf&n?egildnggé%?gx of a
sperm cel 20 of naweereimsaidbtepscof dstermining thecsew clehirasteristes of @i plurgléx obsaidsbdviheper m
cell's; d. insert] ' i3 BV | i1d Rborfing tth! Ferhnira@nb iR ©
mammal after an %ﬁg%@%&dzsg{t&ggm gﬁf es?;%ertéljéi Zi rr% a p?edrafnlﬁty o? said
eggs inl said ut®xwhaegergstiodurescinmglsh¢ag Buid enpirapasnthiay p3i¢) bpyiediepenn stlked sex.
156. A nethod of | 1.0l LB 155 wherein said step
for injecting cofaRE UGS .9 b dilR cfratefe p<d3neCsteph BE:

£3)

a establishing a cell source which supplies bovine sperm cells to be sorted;
25 b. establishing said sheath fluid environmént for said bovine sperm cells;
c. sensing a property of said bovine sperm cells;
d. discriminating between said bovine! sperm cells having a desired sex

. L. ]
characteristic; and :

e. collecting said bovine sperm cells having the desired sex characteristic in a citrate

30 collection fluid containing about six per¢ent egg yolk prior to commencing said
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ng predeterm ned sex as described in ovul atory pharnmaceutical in half day
63 2 8 ~~~~ 202 increnents conprises injecting at |east %eguwfgq%

i ncorporating an estrus mani pul ation injections and further” conpri g the
step at | east on about the sixth and seventh|injections. 157. A method of
producing nmultiple, enbryos |aving predeterm ned sex as described in 5

cl aim 156 wherein instepbficatiecsag.d sorted sperrr~ cells into said uterus
conprises inserting said spermcells into both uterine horns of sad uterus.
158. A nethod of producing multiple, enbryos|laving predeterm ned sex as
descri bed i f6.cl oA meth&dofipheingngia inmsmepltaf adesirad Ex boddscribed mialrem 3P asd fuchqrr | ses

inserting said s . [ . X e .

i nclusive after sgl?‘gglﬁc;ﬁ%éée ePé)ff Soggrfy’dsgl)gg?‘? %es#gﬁéfl%?&ﬁg@n%ﬁa lgéégw%&ggﬁfci ng

mul tiple, enbryoscadi ng predeterni ned sex as described in claiml55 wherein
said step of using an ovula ory pharmaceutical to cause nultiple eggs to be
produced conprises the step of injectin a dosage of follicle stimulating
hor none | 5aSPl urdmiethyd effpraducinga mardmgl haviga predeteeminedises fas gaserthed inrdpimnddt i pl e,
enbryos avi ng pr ] . I i rfdcBhu LW\p said
step of creati ngaggm%m\(;&?g??ggﬁ? ??P %g?@é_hnﬁ%*ﬁ&créattghégg?u\é\gﬁgﬁkﬁo eggs
further conpri semesthée podysedly saiddemabenfstid sppcigholsaid boyngmeammpell and vbereisy st em
conprising the s ' LghiPSa0emat of Qld h&di& oF bd; t
hormone wi th pr o%&%gtgepg%%éﬁﬁagg?%#pﬁg?%%l A?_tgrrerfnhoa of SJB_r.(l)_ Sc%éhdyr‘fuﬂ?ti pl e,
enbryos havi ng prasenal ersitossdevsien! ddeaded¥romprises He3top ef itikring e Plurlietln

i nj ectingsai d dagages fhdlced by GlEremhic BHLAd ipBdle AR BEviRk Midkhalth biagfe tinMes
a 'day conprises injecting said follicle stimulating hornone in

appr oxi mat el y hanyltigignsere embryphbaying peedgfeTuefd sPevel of 6, 6, 4) 4,, 2) 2,

2, and 2 ng between days 9 and 12 inclusive of the estrus cycle and wherein

] supplenenting said dosage of follicle stimulatjng hornone with .
prost agl andfh F-Amsthpd ofipsodueingp mamgakhgung i e(‘ﬁmi“ﬁ‘f?%eétaf frgersd ideims712 5 ny

of prostagl andi nyfferedn 8di®hap Wuéik%earsajumcfrp HarBcutfehll (9 bRk MAGiphQizEPR&e and
sevent h dosages, respectively, 64 L TU-~~ Z 5 165. A et hod of

\ of 2 8 . ~U-~~ 20~ ;
produci ng mul ti pireducehy spisfeiaplg phsaidssgeciss @f faif bayie mammal Fanptiges thester ¥ps a.
stai ning gperm CiﬁjleaﬁqgQﬁoﬁgmlf&ummlatiﬁg[&rh&é apOEQIEI flihed HdayHhdrema¥idof sai d

ovulatory pharmaceutical is injected in half dayjincrements between any of days 2 and

18 of the estrus cycle. }

59. A method of producing a mammal having a preJetermined sex as described in claim 58
wherein said step of injecting said dosage of folkicle stimulating hormone a plurality of

20 times a day comprises the step of injecting% said follicle stimulating hormone in
approximately half day increments at a dosagg level of 6, 6, 4, 4, 2, 2, 2, and 2 mg

between days 9 and 12 inclusive of the estrus gycle and further comprising the step of

injecting 25 and 12.5 mg of prostaglandin F -2-:]11pha on the sixth and seventh dosages,

respectively, of said follicle stimulating hormoée.
25 60. A method of producing a mammal having a prc:‘retermined sex as described in claim 56
wherein said step of sorting said cells at a rate of]at least 1200 sorts per second comprises

operating a flow cytometer in the range of abth 5 kilohertz to about 50 kilohertz,
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W ng predeterm ned sex as described in using|{38 mcro-nolar _stajn; mcells
at a rate of at least 500 sorts per second; and c. concentthﬁd@lsﬁLﬂ
sorted spermcells. ; 163. A nethod of producing nultiple, enbryos h ving
predeterm ned sex as described in claim155 wherein inserting said sorted
permcells conprises using a sorted insem nation sanple. 10 164. A nethod
of produci nglul Ainsthed ofpriduping 2 pleminah eRg gpredes¢rmired sexras desgribed iimiclaior ded

i nsem nation sa j es
using a sorted T0LRin BAFREIPEINDRR, SRheRRe HERELIPRIn i ESISARURGES | g
wher ei n sai d st egpnisinenvesimgrisey ranpfalbctloof cerddingt s paving cs»e#ams matehed plaisigal
col l ector cox~ pz&ﬁgémhgﬁ&step of provi di ng a col I ection contai ner having
strnaxn matched physical chaxact~ristics, § A et hod of producing a
mamal . as described in ~iain~. 16 wherein sa‘d step of collecting said
sperm cel | s ghavi Ronih& d?ﬁx%hﬁc%% aﬁ%n?a’ﬂﬁafvﬁn%ta%e'd&&&nlrfeh%éxrh?Hes@z%éﬁﬂd 88 dshe step
of providixxg a citrate collection fluid Containing about six porce~t egg yo
It prior to contheuenetidgernefyshioning said beyne WEMm pRYls frpp7impackwith a gollgetion
pradu~cirJg a magBineASndRRSs tHe BRE of fRbvidih@d EBlid&ioh Wb dtiSdr heRREd disifsierlbli® Step
of operating sand fIOM/cytoneter with in thowrange of , bout™ 5 kil ohertz to
about 50 ki | oher least fiftgps millimsteRod of producing a manmal as described in Maim
167 further conprises the step of sorting said sperm at a rate of at |east

1200 sorts pe~ second) 65 99 ~s-~ao uuads gres ~0 xaqtznu ~,c~ol t: ~utw-
a~dturs tzof3; t xPRIBRQYedfquscytometss sypem {or jsolating Mslctsaq&'acfgllspfﬁ'égmdlﬁ%éqtzxntz

~ot tz ~ugpsc~ alndxufnsﬁacéef&hg %‘Thﬂxﬂc&ﬁ&dq@bl@ﬁnﬁi ombAsiAg ; ~0 sdn;s aq~
~tzt sudtuov rat~.tn3 ~ | ~la ~ poq uosaﬁs’jaeﬁa% nureru S

npo=d, ~o pot| ~a~*d ~@ ¢! S§‘é{§“r WT&@%‘E?"B??@W‘“S’(&%“B&& 2PHEed b stﬂﬁi@Wpl es
utexet~M zL t nxd t: Sishitet;p0=d sasudntoo pakraxear ~t xi nds, ~0 txe ut
paquasap se rep ~ ~na d~o  po~ant Gl ise ur a.

t uxads~o. t oqt r nr ~ ﬁﬁ@éﬂﬁgi‘f%%?pw*&m Cé"r‘?é?sﬁ s &’u@“ ‘{)F‘E{é"’m‘be%f for 5314 bovine

al dtu>; s uor aStItn’taSs@ennLlﬁlls@PﬁxéhcoﬂamsSlﬁatZ9%socmﬁrramﬂte txuads ~0 . ~qturn
xas paxlsap atp aAta; S 0 8 ~mMn~ aldtz es uo xe, ~0 ~
al dur es ubﬁt az~stit ptd %"Zéﬁ% ?}gf‘d@% Ségtb(‘}v‘t']‘f)f%%cfegﬁ &n%‘ got ngg’asﬂ M u>;

' ~upzasai, ~ 0 dai s pisa&it guidlétvirbiineht:L | B aE:ret~ xas pastsop a>;i anta

t uxads pees 30 ~tzaozad tz ~uinE es |t xof sSEncur o ut:
~ap. sua~7exet ; 0 é—naazqat?s‘&iam’é‘fh‘ EI‘"‘CtSépQﬂ"f gg}ﬁf’tr@c{ﬁ ATES }hﬁ&&?ﬁzl?fnl
, zal oexeqo x0s pazzsappéinteDBonsing Ws&dﬁwm‘aﬂe@ ndslﬂ@.ﬂhcﬁhi)vmﬁkplﬁnaelﬁttl nt, g
atdtuES uot a, >rnP aasu~ny%p apsrsa--s— quczm
30 xagtunu snot st sfo3nggEerundgi ?“ Rt
astt dui 002®l ~sua,; ver@ukamﬂwgipaxusapcan® aeaq treads urrads 30 xaqtunu nsol
> 8u~n-zq al dt “gs >Zaocol%e§tgy%glwl'¥1chl galdjtboﬂ@ {:%apel@qla(lﬁgzstmdlzdesye 9&‘du0
po~amd ZL | -ar=saoaosxt~a xas sap ag~ onQ-j  qo-nn, ~0 uopxod ret usi sgns, r
uzrads ~o ,raqtrzttt zharaeséristic Feplagedq al duzta uo, snt ore Btrruasut
sastzduxoa | s>ztutgzu ptt;s, ~0 sal oads p~ ~s30l a; wzxa~ >r o;tn s~av tzuads
pres~o xaqtnnu snot pies “t 7t nB~ oj dm~e vot ~asuc pees ~t~asu-c 30 dais pies
t zt axagm b 164t or Anamprovesofiaw exgemeter systeny fqujisstating Boving: sperposedls asodepearibpbinz ~ | L
I

uuads

g?o sart S%Q bovme sr;l)%xl-m %c?ll Ma mg

claim 63 wherein said collector is used to provuie a bovine sorted artificial insemination

25 sample.

65.  An improved flow cytometer system for isol Lng bovine sperm cells as described in
claim 63 or 64 wherein said nozzle, said osci}ator, said cell sensing system, and said

sorter discrimination system are part of said flow cytometer system and wherein said

|
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. AF. A(. AE. AAY @,{ "ﬂﬁ Ar.A, A
Y. A {.A3A A A Ayﬁ\aSA &N TAimeiRBy A F. Ay>. AYe2; AQY. Ai . AS{S. A2. AUL, . Af. Af AsY. A
y(.AN .A A .A,.A . A .ANS .A .As. ‘
71.  An improved flow cytometer system for isolafing bovine sperm cells as described in
20 claim 63 wherein said collector comprises a colllection container having stream matched
physical characteristics.
|
72. An improved flow cytometer system for isolating bovine sperm cells as described in
claim 63 wherein bovine sperm cells are stained| with at least 38 micro-molar content of

stain.
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77. A method of producing a mammal having a predetermined sex as described in claim 74
5 wherein said equine mammal has uterine hornsjand wherein said step of inserting said
equine sorted artificial insemination sample intoia female of said species of said equine
mammal comprises the step of inserting said equ%ne sorted artificial insemination sample

both ipsi- and contra-lateral within the uterine horns of said equine mammal.

78. A method of producing a mammal having a predetermined sex as described in claim 74

10 wherein said equine mammal has at least one guterine hom and wherein said step of
inserting said equine sorted artificial inseminati(ian sample into a female species of said

equine mammal comprises the step of inserting said equine insemination sample deep

within said uterine horn.

79. A method of producing a mammal having a predetermined sex as described in claim 77
15 wherein said step of inserting said equine sorttl artificial insemination sample into a
female species of said equine mammal further comprises the step of inserting said equine

sorted artificial insemination sample deep within said uterine horns.

80. A method of producing a mammal having a preJetermined sex as described in claim 78
wherein step of inserting at least a portio of said equine sorted artificial insemination

. .
20 sample into a female species of said equine mammal further comprises the step of

inserting said equine sorted artificial insemination sample within said uterine horn

1
through the use of embryo transfer equipment. .

81. A method of producing a mammal having a preJetermined sex as described in claim 79
wherein step of inserting said equine sorted artit{cial insemination sample into a female

25 species of said equine mammal further compriseL the step of inserting said equine sorted
artificial insemination sample within said uterine homn through the use of embryo transfer

equipment.
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83. A method of producing a mammal having a predetermined sex as described in claim 81

wherein said step of establishing an equinesorted artificial insemination sample

1l % 109 ()- 1", 109%& () -

comprises the step of establishing an unfrozen equine sorted artificial insemination

|

sample, wherein said step of sorting said equine sperm cells according to the
10 determination of their sex characteristic occurs ]at a sorting time, and wherein said step
of inserting said sorted equine artificial insemination sample into a female of said species

of said equine mammal occurs not later than about seventeen hours from said sorting
1

time. ;

\
84. A method of producing a mammal having a preJetermined sex as described in claim 81
15 wherein said step of establishing an equine isorted artificial insemination sample
comprises the step of establishing an unfrozeil equine sorted artificial insemination

sample, wherein said step of sorting said équine sperm cells according to the

determination of their sex characteristic occurs at a sorting time, and wherein said step

|

of inserting said equine artificial insemination sample into a female species of said equine

l . . .
20 mammal occurs not later than about ten hours from said sorting time.

85. A method of producing a mammal having a predetermined sex as described in claim 75
wherein said step of determining the sex charactgristic of a plurality of said equine sperm

|
cells comprises the step of staining said equine sperm cells with at least about 38 micro-

B |
molar content of stain.

25 86. A method of producing a mammal having a predetermined sex as described in claim 74
wherein said steps of determining the sex characteristic of a plurality of said equine
sperm cells and sorting said equine sperm cells according to the determination of their

sex characteristic, wherein a sheath fluid environment for said equine sperm cells
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which is coordinated with both a pre-sort and a post-sort cell fluid environment;
5 c. sensing a property of said equine sperm |cells;
d. discriminating between said equine jsperm cells having a desired sex

o | :
e. collecting said equine sperm cells having the desired sex characteristic.

|

87. A method of producing a mammal having a preJetermined sex as described in claim 74

characteristic; and

10 wherein said steps of determining the sex characteristic of a plurality of said equine
sperm cells and sorting said equine sperm cells|according to the determination of their
sex characteristic, wherein a sheath fluid environment for said equine sperm cells
contains hepes buffered medium comprise the slteps of:

a. establishing a cell source which supplies‘; equine sperm cells to be sorted,

15 b. chemically coordinating said sheath fluid:environment for said equine sperm cells
which is coordinated with both a pre-sortl and a post-sort cell fluid environment;
sensing a property of said equine spermicells;

d. discriminating between said equine 1 sperm cells having a desired sex

I

l

20 e. collecting said equine sperm cells having the desired sex characteristic.

characteristic; and

88. A method of producing a mammal having a preietermined sex as described in claim 74
| . L. . . .

wherein said steps of determining the sex characteristic of a plurality of said equine

sperm cells and sorting said equine sperm cells according to the determination of their

sex characteristic, wherein a sheath fluid environment for said equine sperm cells

25 contains hepes buffered medium comprise the %teps of:

a establishing a cell source which supplie]s equine sperm cells to be sorted;

b. establishing a sheath fluid for said equi}lxe sperm cells;

c. sensing a property of said equine sperm cells;

d. discriminating between said equine| sperm cells having a desired sex
30 characteristic; and
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impact of said sperm cells with said coll‘ ctor.

|

89. A method of producing a mammal having a predetermined sex as described in claim 74
wherein said steps of determining the sex chax%'acteristic of a plurality of said equine
sperm cells and sorting said equine sperm cells !according to the determination of their
sex characteristic comprise the steps of:

establishing a cell source which supplies] equine sperm cells to be sorted;

10 a
b. establishing a sheath fluid for said equix{’e sperm cells;
c. sensing a property of said equine sperm gcells;
d. discriminating between said equine ‘ sperm cells having a desired sex
characteristic; and |
15 e. collecting said equine sperm cells having;the desired sex characteristic in a citrate

collection fluid containing about six perdent egg yolk prior to commencing said
|

oo o .
90. A method of producing a mammal of a desired gex as described in claim 74 and further

step of collecting.

l
comprising the step of sorting said equine sperm cells at a rate of at least 500 sorts per
|

91. A method of producing a mammal having a prec;etermined sex as described in claim 74

20 second.

and further comprising the step of using an ovu.{atory pharmaceutical to cause multiple
eggs to be produced by said female of said speciqlas of said equine mammal comprises the
step of injecting a dosage of follicle stimulating hormone a plurality of times a day
25 wherein said ovulatory pharmaceutical is injected in half day increments between any of

days 2 and 18 of the estrus cycle.

92. A method of producing a mammal having a predetermined sex as described in claim 91

wherein injecting said dosage of follicle stimul:;iting hormone a plurality of times a day
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93.

94.

95.

96.

stimulating hormone with prostaglandin F-2-alpha comprises the step of injecting 25 and
12.5 mg of prostaglandin F-2-alpha on the sixth and seventh dosages, respectively, of

said follicle stimulating hormone. i

A method of producing a mammal having a predetermined sex as described in claim 92
wherein said step of sorting said equine sperm cehs at a rate greater than or equal to 500
sorts per second comprises operating a flow cytd]meter in the range of about 5 kilohertz
to about 50 kilohertz. |
|
A method of producing a mammal having a predlL:termined sex as described in claim 93
wherein said step of collecting equine sperm cells having the desired characteristic
comprises the step of cushioning said equine qu’:rrn cells from impact with a collection
container wherein said step of cushioning comprises an initial collection fluid in the
bottom of said collection container and whérein said collection container has a
Twith said equine sperm cells.

configuration sufficiently large to avoid impact |

A method of producing a mammal having a predetermined sex as described in claim 94
wherein said step of cushioning said equine qu]rm cells from impact with a collection
container having a configuration sufficiently large to avoid impact with said equine
sperm cells comprises the step of providing a callection container having a diameter of

at least fifteen millimeters.

An improved flow cytometer system for isolating equine sperm cells for producing a
I

mammal according to claim 74 comprising:

a. a cell source which supplies equine sperm cells to be analyzed by said flow
cytometer;
b. a sheath fluid source which creates a sheath fluid environment for said equine

sperm cells which contains a hepes buffered medium,;

c. a nozzle through which said equine sp?erm cells pass while subjected to said
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10 s#10% & ()-s 1004 & (d)soner gwlgtlel) S)'_Eg%\gu{h) acts :msort said equine sperm cells having

g. a collector into which sorted equine [sperm cells having said desired sex

An improved flow cytometer system for isolating equine sperm cells for producing a
mammal as described in claim 96 wherein said collector is used to provide a sorted

artificial insemination sample having no more than 25 million sorted sperm cells.

An improved flow cytometer system for isolating equine sperm cells for producing a
mammal as described in claim 97 wherein said n?zzle oscillator, cell sensing system, and
sorter discrimination system are part of a flow cytometer system and wherein said flow

cytometer system comprises a cell sorter which Jorts said equine sperm cells at a rate of

An improved flow cytometer system for isolating equine sperm cells for producing a
L . .
mammal as described in claim 98 wherein said nozzle, oscillator, cell sensing system, and
. | .
sorter discrimination system are part of a flow cytometer system and wherein said flow

] . .
cytometer system comprises a cell sorter which $orts said equine sperm cells at a rate of
1

An improved flow cytometer system for isolating equine sperm cells for producing a

mammal as described in claim 99 wherein sai&l collector is used to provide said sorted

An improved flow cytometer system for isolafing equine sperm cells for producing a

5 a desired sex characteristic; and
characteristic are placed.
97.
10
98.
|
15 at least 500 sorts per second.
99.
20 at least 1200 sorts per second. i
1
100.
equine sperm for artificial insemination. |
101.
25

mammal as described in claim 92 wherein said| cell sorter sorts said equine sperm cells

to be analyzed at a rate of at least five hundred|sorts per second.
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104. An improved flow cytometer system for isolating equine sperm cells for producing a
10 mammal as described in claim 103 wherein |said collector comprises a collection

container having a diameter of at least fifteen millimeters.

105. An improved flow cytometer system for isolating sperm cells according to their sex
!

comprising:
|
a. a cell source which supplies sperm cells|to be analyzed by the flow cytometer;
15 b. a chemically coordinated sheath fluidi source which creates a sheath fluid

environment for said sperm cells which|is selected to be coordinated with both

a pre-sort and a post-sort sperm cell ﬂu1]d environment;

c. a nozzle through which said sperm cells Tass while subjected to said sheath fluid
environment;
20 d. an oscillator which acts upon said sheatk fluid as it passes through said nozzle;
e. a sperm cell sensing system which responds to said cells;
f. a sorter discrimination system which adts to sort said sperm cells according to

their sex; and

1 . .
g a collector into which said sperm cells sprted according to their sex are placed.

25 106. An improved flow cytometer system for isolating sperm cells according to their sex as
described in claim 105 wherein said collector has a collection fluid, wherein said
collection fluid comprises a nutrient which is coprdinated to balance the amount of said

nutrient after completion of the sorting of said sperm cells.
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. . ] L
creates a sheath fluid environment for said sperm cells which is selected to be
coordinated with both a pre-sort and a post-sort sperm cell fluid environment comprises

a citrate.

15 110. Animproved flow cytometer system for isolating sperm cells according to their sex as

described in claim 105 or 109 wherein said cell 'source comprises bovine sperm cells.

t111.  Animproved flow cytometer system for isolating sperm cells according to their sex as

described in claim 105 wherein said cell source|comprises equine sperm cells.

112.  An improved flow cytometer system for isolating sperm cells according to their sex as
20 described in claim 105 wherein said collector is used to provide a sorted artificial

insemination sample.

113.  An improved flow cytometer system for isolating sperm cells according to their sex as
described in claim 112 wherein said sorted insemination sample comprises a sorted
artificial insemination sample having no mor¢ than about ten percent of the typical

25 number of sperm cells provided in a typical ungorted artificial insemination dosage.
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117.  An improved flow cytometer system for isolating sperm cells according to their sex as
described in claim 112 wherein said collector|is used to provide a sorted artificial

15 insemination sample for artificial insemination.

118. An improved flow cytometer system for isolating sperm cells according to their sex as
described in claim 105 wherein said chemichlly coordinated sheath fluid source

comprises a solution containing a hepes buffered medium.

119. An improved flow cytometer system for isolatinjg sperm cells according to their sex as

20 described in claim 118 wherein said cell source comprises equine sperm cells.

120.  An improved flow cytometer system for isolatinLg sperm cells according to their sex as
described in claim 105 wherein said chemically coordinated sheath fluid source

comprises a solution containing about 2.9% sodjum citrate.

121.  An improved flow cytometer system for isolating sperm cells according to their sex as

25 described in claim 105 wherein said collector has a cushioning element, wherein said
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124.  An improved flow cytometer system for isolating sperm cells as described in claim 123

10 wherein said collection tube is at least about fifteen millimeters wide.

125. A method of sorting sperm cells using a flow cytometer according to claim 108,

comprising the steps of :

a. establishing a cell source which supplies sperm cells to be sorted;
b. chemically coordinating a sheath fluid to create a sheath fluid environment for
15 said sperm cells which is coordinated with both a pre-sort and a post-sort cell

fluid environment;
sensing a property of said sperm cells;
d. discriminating between sperm cells according to their sex; and

e. collecting sperm cells having the desired sex characteristic.

20
126. A method of sorting sperm cells as describecl in claim 125, wherein said step of
chemically coordinating said collector fluid ‘to create an ending collector fluid

environment for said sperm cells which is coordi+ated with a pre-sort fluid environment.
127. A method of sorting sperm cells as described in claim 125 wherein said step of

25 establishing a cell source comprises the step of|establishing a source of bovine sperm

cells.
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n claim 135 wherein said step of collecting

the bottom of a collector and wherein said

collector has a configuration sufficiently large to avoid impact of said sperm cells with

said collector comprises the step of providing a collection container.

A method of sorting sperm cells as described in claim 136 wherein said step of providing

a collection container comprises providing a cpllection container having a diameter of at

least 15 millimeters.

A method of sorting sperm cells as described in claim 137 and further comprising the

step of sorting said cells at a rate of at least 5

A method of sorting sperm cells as described

DO sorts per second.

in claim 138 wherein said step of sorting

said cells at a rate of at least 500 sorts per secand comprises the step of operating a flow

cytometer in a range of about 5 kilohertz to about 50 kilohertz.

A method of producing a sexed sperm specimen as described in claim 125 and further

comprising the step of sorting said cells at a gate of at least 500 sorts per second.

An improved flow cytometer system for isoldting sperm cells comprising:

a. a cell source which supplies

cytometer;
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— .
e. a cell sensing system which gesponds to said sperm cells;

f. a sorter discrimination system which acts to sort sperm cells according to

their sex; and

g a collector having a cushioning element wherein said cushioning element

comprises initial collection fluid in the bottom of the said collector and

wherein said collector has 3 configuration sufficiently large to avoid

impact of said sperm cells w

An improved flow cytometer system for isol;

wherein said collector comprises a containe

An improved flow cytometer system for isol

th said collector.

ating sperm cells as described in claim 141

[

ating sperm cells as described in claim 144

wherein said container comprises a collectidn tube.

An improved flow cytometer system for isol

wherein said collection tube is at least abou
An improved flow cytometer system for isol
wherein said container comprises a test tu

stream-matched container.

A method of sorting sperm cells according

ating sperm cells as described in claim 141

t fifteen millimeters wide.

ating sperm cells as described in claim 142

be having the physical characteristics of a

to claim 141, comprising the steps of :

a. establishing a cell source which supplies sperm cells to be sorted,;

b. establishing a sheath fluid t¢ create a sheath fluid environment for said
sperm cells;

c. sensing a property of said sgerm cells;
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149. A method of producing a sexed sperm specimen as described in claim 148 and further
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, 3PsM 109%&&' ()- , @

15 comprising the step of providing a sorted artificial insemination sample.

150. An improved flow cytometer system for isol{iting sperm cells comprising:

a. a cell source which supplies sperm calls to be analyzed by the flow cytometer;
b. a sheath fluid source which creates d sheath fluid environment for said sperm
cells;
20 c. a nozzle through which said cells pass while subjected to said sheath fluid
environment;
d. an oscillator which acts upon said sheath fluid as it passes through said nozzle;
€. a sperm cell sensing system which re}ponds to said cells;
f. a sorter discrimination system which acts to sort sperm cells having a desired
25 characteristic; and
E. a collector configured to avoid impact between said sperm cells and said
collector.

151.  Animproved flow cytometer system for isolaTng sperm cells as described in ¢laim 150,
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152.

e B i e 2

An improved flow cytometer system for isolating sperm cells as described in claim 151

wherein said collector configured to avoid jmpact between said sperm cells and said

between said sperm cells and the inner walls

153.  An improved flow cytometer system for isola
wherein said step wherein said collection tub

154.  Animproved flow cytometer system for isola

collector comprises a collection tube having 2

diameter sufficiently large to avoid impact

of said collection tube.

ting sperm cells as described in claim 152

e has a diameter of at least 15 millimeters.

ting sperm cells as described in claims 150,

10

154, 155 or 156 wherein said nozzle, said olcillator, said cell sensing system, and said

sorter discrimination system are part of a flow cytometer system and wherein said flow

cytometer system comprises a cell sorter whi‘lh sorts said sperm cells at a rate of at least

500 sorts per second.
155. A method of producing multiple, embryos
mammal comprising:
a. creating superovulation in said mamumy
step of using an ovulatory pharmaceu
wherein said ovulatory pharmaceutica
any of days 2 and 18 of the estrus cy
20 determining a sex of a sperm cell of
sorting according to said sex of said
inserting said sorted sperm cells intg
onset of estrus; and
fertilizing a plurality of said eggs in

25 having predetermined sex.

having predetermined sex from a female

al to create at least two eggs comprising the
ical to cause multiple eggs to be produced,
1 is injected in half day increments between

cle;

8 male mammal;

sperm cells;

a uterus of said female mammal after an

said uterus to produce multiple, embryos

156.

A method of producing multiple, embryos

claim 155 wherein said step for injecting §

63

having predetermined sex as described in

jaid ovulatory pharmaceutical in half day




, 1 10%R& ()--tBy|[:NA4, 10 , 10% & ()-S , 10% &
&109%R*?8& ()- @, &&10% & ()-F )~f1|[: NA4, 10 ! 1(
%0% & () -

v40% & () -

| Kf f

, 911 10% & ()--

CTL 91 10% & ()- @i +vUa,
|~ 10984&’ () - 10 10* 10*

, 1099& () -

.1 1098& () -
/ 1098 () -
1099 & () -

$s'
L f 109 $& () -
,' L109% $& () -
109% $& () -

. 1098& () --
"109%8%& ()-t sY sz10%%& ()-
-410% ,
, Y. s 109@Emenis compuzsspigcting af least gsXemil
. S10% & dps cﬁm‘éﬂa@r(%&

65" 10%l) d& () -

K10%m) m& () -) Z| [NAmfa‘mi 10) 10)
1 10%) h&' ()-@, 9L! 109 & ()

bty
§ . 10% bin(1}6 whfmmm kil sghed smn&l

"HL

.S, 1104 $& ()-T°

V' 3109% $& () - n obU#fGP

, 6109 $& () -

10 159.

15

25

,f 4109 $& () - *r|[9bU410 l@z i d

109%&: S.,yl &,
sF" 10((’/gNA( W&y( Q{g\(

160.

161.

& T10% & ()- @, &}
1096 & ()- ,9+ 10%& ()- ,q
0% .& ()-& 9409
L, @10% & ()-+b|[:vU4, |
., 1099& ()- ,10% % & (
LY sz10%&! & ()
y51000&' ()- , /10%&" (.

b

Sy510°/() & ()-
) &10% & ()-

, 1099 & ()

10% $& () -

)-S, 10%& ()-S 10%3*5&'()-
9@*2& ()- /Pif %40% & ()-
10% & ()- @x(4}| [: NA4, 10
| 1109% & ()- +@0% *: &2 B-wuv 200}
6 .& ()-& 0 0NN & ()-&
9' 109%& ()- , 109&' ()-
)-g |[:vU4, "10% & ()-t
, Y sz10% & () -
- ,SF.s109%& () - I

inipeoans andfurthsygognrising thepstegy

O3B R hibouf\thd @%h and seventh
W& ()- 10%)7& ()-

,CSF. 71109 & () -
Lt | [ NA41010 , 109 $& () -

| [© mﬂlféféprodtﬂm ‘E‘&“Qly embl’)ff’@d}% g erdetmwﬁfg&s@yscnbed in

%407 &

ot

Wi

P TRy ne RniboRer

cNﬁ4ﬂt9 44 uth%B Sobps&dndedting

g $&'
P L910°/<E $& ()- , 610% $& () -
y

%ee& ()- .y 10%\( & ()-
‘)wmg&%,reg%%g}x 5‘% scé a(s)descl'lgedo}ao%

claim 157 wherein inserting into both uterine ]1oms comprises inserting said sperm cells

|

approximately between 20 to 24 hours inclusive after said onset of said estrus.

A method of producing multiple, embryos h

aving predetermined sex as described in

claim 155 wherein said step of using an ovulatory pharmaceutical to cause multiple eggs

to be produced comprises the step of injecting
!

a plurality of times a day.

a dosage of follicle stimulating hormone

A method of producing multiple, embryos having predetermined sex as described in

claim 159 wherein said step of creating supergvulation in said mammal to create at least

two eggs further comprises the step of incqrporating an estrus manipulation system

comprising the step of supplementing said dosage of follicle stimulant hormone with

prostaglandin F-2-alpha.

A method of producing multiple, embryos having predetermined sex as described in

claim 160 wherein injecting said dosage of follicle stimulating hormone a plurality of

times a day comprises injecting said follicle st
day increments at a dosage level of 6, 6, 4, 4,

inclusive of the estrus cycle and wherein

imulating hormone in approximately half
2,2,2,and 2 mg between days 9 and 12

supplementing said dosage of follicle

stimulating hormone with prostaglandin F-2-alpha comprises the step of injecting 25 and

12.5 mg of prostaglandin F-2-alpha on the si;

said follicle stimulating hormone.
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167 A method of producing a mammal as described in
operating said flow cytometer with in the range of ¢

168 A method of producing a mammal as described in glai
sorting said sperm at a rate of at least 1200 sorts per
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laim 167 further comprises the step of
second,
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an insemination sample having a low number of aid sperm cefls relative to the typical
artificial insemination dosage comprises the step qf establishing an insemination sample
selected from the group consisting of:  bovine i ination sample of no more than one
hundred thousand sperm cells, a bovine insemination sample of ne more than two hundred
fifty thousand sperm cells, a bovine insemination Eamplc of no more than three hundred

thousand sperm cells, an equine insemination sample of no more than one million sperm
cells, an equine insemination sample of no more 4 five million sperm cells, an equine
insemination sample of no more than ten million sperm cells, and an equine insemination
sample of no more than twenty-five million sperm gells.

|

170 A method of producing a mammal as described in clL.im 4 wherein said steps of inserting at
least a portion of said insemination sample into a female species of said mammal and
fertilizing at least one egg within said female spegies of said mammal at success levels
statistically comparable to the typical unsexed artificial insemination dosage in a field
environment cornprises the steps of repetitively imserting a significant number of
fnsemination samples into a significant number of ﬁ::malo specie of 3aid mammal in rapid

succession and in farm or ranch conditions. |

|

171 A method of producing a mammal as described in claim 14 wherein said step of inserting
said insemination sample having said low number of said sperm cells into a female of said
species of said mammal cornprises inserting an insemjination sampls having 2 low number of
sperm a substantia] portion of which have the desired sex characteristic.

|

172 A method of producing a mammal as described in claim 171 wherein said step of inserting an
insernination sample having a low number of sperm, wherein a substantial portion of said
sperm have the desired sex characteristic comprises selecting said insemination sample
having a low number of sperm from a group consisting of an insemination sample having a
low number of sperm, wherein at least 60 percent of said spermn have the desired sex
characteristic, an insemination sample having a low number of sperm, wherein at least 70
percent of said sperm have the desired sex characteristic, an insemination sample having a
low number of sperm, wherein at least 80 percent| of said sperm have the desired sex
characteristic, and an insemnination sample having a low mzmber of sperm, wherein at [east
90 percent of said sperm have the desired sex characteristic.

173 A mecthod of producing a mammal as described in clajm 172 wherein said step of producing
an offspring mammal comprises producing 2 predetermined sex ratio of fetuses.

174 A method of producing a mammal as described in claitns 1, 13, or 14 further comprising the

steps of:
a. freezing said insemination sample having a loLav number of said sperm cells; and
b. thawing said insemination sample having a low number of said sperm cells.
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175 A method of producing a mammal as described in|claim 174, wherein said insemination
sample having a low number of sperm cells comprises 2 bavine insemination sample.

176 A method of producing 2 mamumal having a predetermined sex as described in ¢laim 25
wherein said insemination sample having a low number of said sperm cells comprises an
insemination sample having between about one million to about three million of said sperm

cells.

177 A method of praducing a mammal having a prcdcicnnined sex as described in claim 175
wherein said bovine insemination sample having a low number of said sperm cslls comprises
an insemination sample having between about onq million to about three million of said

sperm cells,

178 A method of producing a mamunal as described llclaim 174, wherein said insemination
sample having a low number of sperm cells comprises an equine insemination sample

179 A method of producing a mammal having a predamined sex ag described in claim 178
wherein said equine insemination saznple having a low number of said sperm cells comprises
an insemination sample having between about one rlhi]lion to about twenty-five million of

said sperm cells.
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