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Further improvements in mammalian sperm collection, selection, cryopreservation,

20 storage, and handling techniques have enhanced the ability of breeders to produce animals
having desired traits. For example, advances in selection of mammalian sperm based on
slight differences in physical characteristics has made it possible to separate sperm based on
sex-type, that is, to select for cells containing either the X or Y chromosome. This technique
allows the breeder to manipulate the relative percentage of X- or Y-type sperm in a sample

25 and thereby determine offspring sex. The ability to select sperm based on sex-type or any
other desirable characteristic provides an important tool for accelerating genetic progress,
increasing production efficiency, and achieving greater flexibility in livestock management.
Full exploitation of this tool, however, depends on the ability to freeze and store selected
sperm.

30 A variety of methods are available for selecting cells; however, the selection and
subsequent processing of sperm presents unique challenges because sperm are incapable of
DNA repair and because of sperm morphology. Each sperm has an acrosome overlying the
head and a tail, which are important for fertility and which are relatively susceptible to

physical injury. In addition, sperm fertility decreases with increasing time between collection
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SUMMARY OF THE INVENTION

20 The present invention provides a method of cryopreserving sperm that have been

selected for a specific characteristic. The method is particularly useful for cryopreserving
sperm selected by a method that results in dilution of the sperm, since the method provides
for the isolation of sperm from a selected sperm sample, followed by addition of a final
extender to the isolated sperm to produce a suspension having a desired concentration of

25 sperm. In a preferred embodiment, the method is employed to freeze sex-selected sperm.
Although the cryopreservation method of the invention can be used to freeze sperm selected
by any number of selection methods, selection using flow cytometry is preferred.

The present invention also provides a frozen sperm sample that has been selected for a

particular characteristic, such as sex-type. In preferred embodiments, the frozen sperm

30 sample includes mammalian sperm, such as, for example, human, bovine, equine, porcine,
ovine, elk, or bison sperm. Also within the scope of the invention is a container including a

frozen sperm sample according to the invention.
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offspring having desirable traits. For example, selection to obtain sperm carrying either the X
or the Y chromosome allows control over offspring sex, which is advantageous for producers
20 of animals such as dairy or beef cattle. Sex selection also finds application in breeding
valuable (e.g., show or race horses) or endangered animals. The ability to freeze selected
sperm, which the invention provides, will enable widespread use of such selection methods

to, e.g., increase livestock production efficiency as well as quality.

25 Definitions
The term *“acrosome” or “acrosomal cap” refers to the cap that covers the anterior half
of the head of sperm and that contains enzymes necessary for ovum penetration.
The term “sex-type” refers to the type of sex chromosome present in the sperm (i.e.,
the X or Y chromosome).
30 The term “capacitation” refers to the specific changes a sperm undergoes to develop
the capacity to fertilize ova, such as enzymic changes on the surface of the acrosome that lead

to release of acrosomal enzymes that facilitate penetration of the sperm into the ovum.
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The term “final extender” refers to'a medium used to extend sperm prior to the
freezing step of the method of this invention.
An “organic substance” in an extender described herein is any organic substance that
20 tends to reduce cold shock and preserve fertility of sperm.
An “energy source” in an extender described herein is any substance or substrate that
sperm can utilize for cell maintenance and/or motility.
The term “osmolality,” as used herein, is a measure of the osmotic pressure of
dissolved solute partiéles in a an aqueous solution (e.g., an extender). The solute particles
25 include both ions and non-ionized molecules. Osmolality is expressed as the concentration of
osmotically active particles (i.e., osmoles) dissolved in 1 kg of water.

Cryopreservation Method

The invention provides a method of cryopreserving selected sperm includes the
following steps:
30 (1) obtaining a selected sperm sample;
(2)  cooling the selected sperm sample;

(3)  isolating sperm from the selected sperm sample;
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15 at least about 75% morphologically normal sperm. In these embodiments, generally at least

about 40%, and preferably at least about 60% of the sperm in the ejaculate exhibit
progressive motility.

A wide variety of methods for selecting cells from a mixed populations are available,
including, for example, selection based on binding of cells or cell components with

20 antibodies, antibody fragments, or other binding partners and differential staining.

The mvention is exemplified herein with selection based on sex-type, and sex-selected
sperm for use in the invention can be obtained using any selection strategy that takes
advantage of slight differences in characteristics between X- and Y-type sperm. Exemplary
sex-selection methods include magnetic techniques (see, e.g., U.S. Patent No. 4,276,139),

25 columnar techniques (see, e.g., U.S. Patent No. 5,514,537) gravimetric techniques (see, e.g.,
U.S. Patent No. 3,894,529, reissue Patent No. 32350, U.S. Patent Nos. 4,092,229, 4,067,965,
and 4,155,831). Sex-selection based on differences in electrical properties is disclosed in
U.S. Patent No. 4,083,957, and techniques that select based on differences in electrical and
gravimetric properties are discussed in U.S. Patent Nos. 4,225,405, 4,698,142, and 4,749,458.

30 U.S. Patent Nos. 4,009,260 and 4,339,434 describe selection based on differences in motility.
Biochemical techniques relying on antibodies are disclosed in U.S. Patent Nos. 4,511,661,
4,999,283, 3,687,803, 4,191,749, 4,448,767, whereas U.S. Patent Nos. 5,021,244, 5,346,990,

5,439,362, and 5,660,997 describe selection based on differences in membrane proteins.
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Modifications that enhance viability are described the patent publications discussed
above. For instance, procedures that provide improved sheath and collector systems for
sorting sperm are disclosed in PCT Publication No. WO 99/33956 (Application

25 No. PCT/US98/27909). Further, Examples 1-7 below describe exemplary procedures for
staining and sorting sperm. Example 3 describes a study of the effects of laser intensity and
dye concentration of post-thaw motility of sorted frozen sperm. This study indicates that the

use of lower laser intensities during sorting can increase post-thaw motility.

30



5,602, 349, and 5,643,796, as well as in PCT Publication No. WO 96/12171.
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one t hat nggr,fggerves spermviability. Because of the relgattwsooizopgi | ity
of sperm normal flow cytonetry techn]i gues shoul d generally be nodified
for sorting sperm Mre specifically, the flow cytonetry entails staining,

dilution, andq | QI cells.with. light. Al of .these steps
represent st ?Teﬂsesrg rgg&%%%%h{é gém@é tce ngabré‘? Wba‘%ﬁ’?‘i’?ﬂemff?sﬂ S8 A% y of

sper m t owilhefiea contemsomponentradiat ty phrétsvarpsedirag taeleei@ prbeksiaa the

I ndi vidual s w.thin, specjes. Such sensitivities 20 haye either been

document &§° 8& ’%Q%q%’%%gﬁc@ S]f)eémcfé?’gémé?}‘% CIRPATERHES) I°¥§F SefPEQns usetioT as t hose
descri bedainihgEndsmtias(ek:, the todh fluidahi @rcaichabfgmnhance viability are

desgri bed thﬁapg Lent ubi i cations di scussed above. For instance,

procedur es t haf %‘P%i SCIeRiSY SRFDY SYRRS YPicaHy compinen exfendgrar exgndssr  sorti ng
sper m ar gadlios CFesRAmpIB, ‘Red-sRybitGakbisGhINEng WO O IBIEB Ql'ry&é}élténafa 25 No.
PCT/ US98/ 27909) . Further, Exanples 1-7 below describe exehplary procedures
for st althiTAGoRNerdsRipg gycaplaravelbkngyst. sThe Ajfaction ieasded totsperyn Bfst,t he ef f ect s

of | aser follgangy ddfiRAGE aflafhalMGROGS L BHhcln. AR tid AN fhddok 107 Sor ted
e ower

frozen sperm This study indicates that t use o0 aser I1ntensities
duri ng soffandigdeddinto;ap leps ixe alimyetsand addedwsequentially; 80, WOs@ohGBEBStion
PC—'i/OUSOOa{Ii%Q&tﬁ?add%dT??niﬁﬁés%?%Pﬁleiﬁﬁ‘?rm sanpl e can contain a variety of
conponent s besi des sperm an wil1T often contain conponents added to
protect the dpre entehder ¢ogpohentsat presingranprEods or edtendehizaction saymital FACS, t he

sel ect ed ni.ai.p_cenmponent (s f. the solutiaons used for

St ai ni ngangieh s £ah APl BIRORRR MGt s bE RS PP, s 1
addi t i onsontelpytesddrsompehesperapreanphdditignal @atgoyetosinaiptisnalip be xddzdder or
extender, fr Fon.. For .exanple, "two-step! extenders includi.ng.an "A
fracti onway Sﬁ%ﬁ%g&&f’ yee g Pelides dacomﬁ? F’étﬁxﬁ)qeﬁﬂ"ance(’)( gﬁrrﬁaﬁ%"r’éﬁg‘ffg M5 are wel |
knddn. Tisgationfstepc thh evenipiarpeidbaliments pevift tpenatare fldvobdraded abyo pastitick hon of an
equal val t he ste the B fracyi ften

of fraction. ,Eor .thi , on |
di vi ded ﬁeﬁn%dg?eqnesgﬁef%@udzrﬁ tﬁ%éttg‘cg?fho cféffggfg(ﬁféﬁf‘?lal’lf:#’ 3e?’g‘,)‘l. E) e second
B fract idesirdd)tielB fiattion b thettigchdded 18ithd e teish@n daftBlefefodd the idolation ext ender

conponents ar resent,..an extender or extender fraction is typicall
al step (EsaeeeEJPamp?e Sr} The pre-lso?a%on step extender (or extender fraction) is term)écri) “the y

initial extender” to distinguish it from the “final extender” employed for the extension of
20 isolated sperm before freezing. If the selected sperm sample was selected using FACS, the
initial extender can be matched to the sheath fluid employed for sorting. Exemplary matched
sheath fluids and extenders are described in detail in Example 4.
An extender suitable for use in the selected sperm sample includes a physiologically
acceptable carrier. The physiologically acceptable carrier is typically aqueous, and, in
25 preferred embodiments, includes deionized water. Suitable extenders commonly comprise
one or more of the following additional components: a cryoprotectant, a component that
maintains osmolality and buffers pH, an organic substance that prevents cold shock and
preserves fertility of sperm, a detergent that acts synergistically with certain organic
substances to enhance preservation of sperm, an energy source that can be readily utilized by
30 sperm, an antioxidant, which protects sperm from cold shock, a substance that facilitates
sperm capacitation, and one or more antibiotics.
Although cryoprotectants useful in the invention are not limited to those acting by a

particular mechanism, most conventional cryoprotectants act, at least in part, by reducing



added to the sel ected spermsanple before the spermare isolated fromthe
sanple. If only sone extender conponents are present, additional
conponentyoGi7éaRt i onal Iy be added so that sel ected spernp@gogosoeisscl udes
a conpl ete extender or an extender fr%ction before the 15 isolation step.

I n exenpl ary enbodi nents, bovine spermare flowsorted so as to produce a
sel ected, sperm sanpl.e i ncl| udj the A fraction of an extender (see Exanples
2, 3, aniptiagellufar el&é@?%d&eﬁﬁ@%@, freszing is Accommaniebhy Pengrgred 1t he sel ect ed
sper m saggcentReibe iftht BRAAALIR g SEAP TRERcRIRTR GuRkonctifatRh@rdwiol at i on
step extender (or extender fraction) is termed "the initial extender" to
di st i nguivgter pet of iherpells @hichjipgeasesdpisacgiplar elepplyjecagneesiratidne Fxrmphisy on of 20

i sol at ed I LWNg; I s,.5el ect ed
using. EACSOBPIEARS Bk BBEELT dimadyl Wt BGHEE AREL PRI Bl

enpl oy edthedikes dhe ¢rpigprotEstantshitable fonvsshe d givemexterder ¢anivdy, depdnding emther s ar e
descri bed_J Lal: | . n ' e in the

sel ected elﬁieéfq' %%égbn%fﬂe%f%%ggveé Eﬁpyes)?%&]geg ér?@é 5“3@(’:@5‘%3%?? carrier. The
physi ol ogiyopreseyvation eplitamnand dovinespeirs, Huy j3igeadrally g used der, cryoptssenvaticds

e R B D B A AT
comonl y rirse  on r r [ onents: a
cryopr ot esalhabié speam andqaa neadily béddtermiimddreingpiritallp Sorothat tybss drperhiuf f ers pH, an
or gani ¢ substance  that Qﬁfgﬁ'vgfts col d shock and. preserves fertil itm/ of
spofin a det o tentrtRArCt iR FrePgn opianaly (Polifestons &F maromPgam L

subg t fanCQapF@irﬁﬂhgm@alm efcprodide Bﬁfféifng&@%rcﬂ‘y. E@rﬁ‘ﬁﬁe’d@ynb%auxﬁdhes dfttigd ]tc:an be
readily utilize 30.sperm an_anti oxi dant, i ch protect ermfrom
col d shot¥ Fn%o%g'ﬁggﬁﬂempﬁ@e SKigRIeF pRRIPEEates Hiat ﬁ\‘lf\{]ﬁlf‘éﬁi‘éleg‘f’%}tﬂ“&%; ?\E‘ﬁa one or
nor e ant bRIFQULE She AloBUHAIT thd eRHOiS & RO % gdISEbbt 280 nidien tobERK3I20N are not
limted to those actin articul ar. nechani sgi]b nost conventi onal

g by a par. Ar- 1

cryopr ot 83sght ekt is alsp Pweffé%hly VHhigamhysiglogically ressnirdincreees Botsgseterably
PCT{{JS00/:3d Bige 8f dbBlf @SRl dbbbtar 5. dehydration. Specifically, freezing is
acconpani ed by an increase in solute concentration in the nedium
surroundi ng spésincerhelsful imainmingrmeplify endefh sdéthin these smeey addrellvat er out
of the Cehdvn inthd &Parddeh BARRRA tdhE é&@ﬁdeygsaa[soﬁh Sf:ﬁlfegh?’fnesoﬁﬁﬂﬁ.?ﬂt%ﬁ%ﬂ on.
Exenplary cryoprotectants include glycerol, dinmethyl sulfoxide, ethylene
gl ycol , perspyping asalylayabphydeatiel oba corabinition. therend can Yagmmlexed tferrthispuirostl e f or
use in acg@l : d | . | hi ch
sporm ar SP G ayPRRAEIAS QA Cieaie PAARREn R EingRPBEHE 3o FESTAN

20 Tris [HydroxymethylJmethyl-2-aminoethanesulfonic acid), and monosodium glutamate

buffers; milk; HEPES-buffered medium; and any combination thereof. The component

employed to help maintain osmolality and provide buffering capacity in a particular

application can vary depending on the other components of the extender and, in some cases,

on the species from which the sperm are derived. The selection of such a component for use
25 in the present invention is, however, within the level of skill in the art.

One or more organic substances that protect sperm against cold shock and help
preserve fertilizing capacity can also be included in the extender. Such substances are well
known and are sometimes described as “nonpenetrating cryoprotectants.” One skilled in the
art can readily determine an organic substance suitable for a particular application of the

30 cryopreservation method described herein. For example, organic substances containing
protective constituents (e.g., lipoproteins, phospholipids, lecithin) that are believed to reduce
the impact of cold shock and the dilution effect can be included in the extender. Suitable

organic substances include disaccharides, trisaccharides, and any combination thereof.



cryopreservation of human and bovi ne sperm but is generally not used for
cryopreservation of porcine or rabbit sperm Such preferences are well
known forweriMiggmmercially val uable sperm and can readi | ychgse@ossn ned
enpirically for other types of sperm 10 The extender useful in the

i nvention optionally includes one or re conponents that help maintain
osnol al i and provide buffering capacity. In _preferred enbodi nents of the
i nvent i o%‘e?ﬁéwp&émcaﬁu}’%@%% mf'ﬁlge 36 ollel ah eggopotioskinaels malks availk gxtract,

physi ol oghdedl, albhindReithBoleRER], Ah@BhYoorlbiaidsHRieat i ty of the extender is
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preferably w Th Ftadpnsgs alsp ingludgialdptergente phllyllienie deteraentssneh gssedivmabl y 15
inther ] . i Lntai ni ng
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cont al N 38o8e %gﬁ)ye G, %&Qr o e?erlecﬁorﬁ gft‘r‘o arf't%t ia(r)Hetterhexlit%O;a gp%&ﬁge enpl oyed
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buf fers; M’I'K; ES- buf fered nmedi um and any conbi nati on thereof. The
conponent  enpilefeyabily, t}{n elamln@errilﬁdlmdea b eesgyDdoatct that RRchdily aMiitha bblﬁf)érmr lh ng
capacity i articular a ication can. var ependi ng on_t t her
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nore or g&H€ TSN B0 CRY AT FOFPERSNISs ey 1hval Kpover indhg 1. Sh&E% and hel p

pr eser ve phgitilidy Bbit@adeBiams proidda @nveniliR chddfy $6URE, difhold}angtb@RHSSnal SUCh
substances are well _known and are sonetines described as "nonpenetrating

cryopr ot ERFENhoyIce cmbe cxmplpyed dn thy cxisader o Exeranlsry moaasapshagdesaispiuh@ thh or gani ¢

Subgs ancexietet lu@e k08, ARIIsk AT mARRIst.cation of the 30 cryopreservation
met hod descri bed herein, For exanple, organic substances containing

protective cofBt praAertiqridagts cap pplinseli b neludedtin dsiestendirde providei t hin) t hat
are beli %Xcﬁgoﬂagprbégﬁﬁeagaﬁlﬁecolm@@l{ Iﬁferr@ Iarti3Qiakn e hpﬁutgiake'dt ion effect
can be included in the extender. Suitable organic substances include
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yol k extract’, mlKk, extr ,
20 particular antioxidant for a specific application is within the level of skill in the art in light of

the guidance provided herein.

The extender can also contain a substance that facilitates sperm capacitation. A
variety of capacitation facilitators are known in the art and any can be employed in the
extender. Examples.include enzymes such as alpha amylase, beta amylase, beta

25 glucuronidase, which can be used in combination, if desired.

Finally, the extender preferably includes an antibiotic, since substantial bacterial
growth can threaten sperm viability and increase the risk of infection of the host in artificial
insemination or in vitro fertilization procedures. Any of a variety of antibiotics useful in the
cryopreservation of cells can also be employed in the extender. The selection of a suitable

30 antibiotic depends on the species from which the sperm was obtained, the procedures
involved in obtaining and handling the sperm sample, and the specific microorganism(s) to be
targeted. Exemplary antibiotics include tylosin, gentamicin, lincomycin, spectinomycin,

linco-spectin (a combination of lincomycin and spectinomycin), penicillin, streptomycin, and



casein, albumn, lecithin, cholesterol, and any conbination thereof. The
extender can also include a detergent. Al kyl ionic detergents, such as

sodi um dadaRyhessul fate (SDS), have been reported to act sypagmgodionsal |y
with egg yolk to enhance 5 protecti onlgagai nst cold shock. O her detergents
useful in the cryopreservation of cells can al so be enployed in the

ext ender,,.. ang..t he.sel ecti o f a particul.ar detergent for a specific

appl i cat itifﬁrcﬁlén’ﬂ%t‘%i crz}nﬁﬁgsqgé’\i}ﬁ* OpR copbmatien, Hewevgr.iong pkilledjmithert ¢ane
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conveni erg +SRer G bad nSex-Rlok L.onal ner.qy, 43 can be
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but yl at edpermysdmpleyt ol uene (BHT), its derivatives, and the |ike. However,
ot h antioxidants useful in the cryopreservation of cells can also be

enployed in the extender, and the selection of a 20 particul ar anti oxi dant
for a spddofingthapplettedSpeam Sampled t hin the | evel of skill in the art in |ight

of the guidange provided herein. The extender can alsp contain a substance
t hat facigl i tat %Segﬁréar/?ﬁpclg CTYHEFsghyatRm m?fﬁ?‘?@’t‘%}ﬁc?f”]é‘é‘%fg"c? egfq%aaenn

facili tats_ﬁmﬁleﬁyﬁcdﬂj’ovmreﬁﬁbiﬁMe fnipeifite Qﬂb}’co‘ﬁ&ﬂllé@ﬁa@!’f@o@ﬂ@ﬁob fhptdiecanext ender .
Exanpl es | ncl uﬂe enzxjgea such as al pha anyl ase, beta arrﬁ ase, bheta 25

gl ucur oniBXE &K VRISH cHLreRlbg 2iloss obmembEne Brieeritt andess!! fangtionsi Thel |y, t he
ext @nder spregityesfaky effecRIf UslE ShatR varifida ﬁk:bi@g toSpBG& HRsiRbh #Morpagier i al

growt h can threa%en ,sgerm viability and increase the risk of infection of
the host 2 Fea#f PF q0lin and the tempREMyraFngs: Videy puitablercantrolief sealingn pr ocedur es.

Any of a ceaditiésyth® bpetitatd b foGlapt &P thttmal BEriRE ExGRPRY, §R6hYGthégn of cells
can al so be enployed in the extender. The selection of a suitable 30
anti bi ot i%SHBFBEIgRs PoReoolipg bowre spramantHethrmining syitsbln capditionstiel ned, t he
Pr ocedur @golid\sPerkst ditikr GRS B WithiR i 18RNH dkfibin iiEarS PEr M sanpl e, and the
specific mcroorgani sn(s be
20 In a preferred e

m%oc{ir(rjxent of the invention, the selected sperm sample is cooled
typically from about 22°Celsius, to about 5°Celsius, and cooling is generally carried out over

~ aperiod of about 60 minutes to about 24 hours, preferably over a period of about 90 minutes
to about 240 minutes, and most preferably over a period of about 90 minutes to about 120
minutes. Cooling cah be accomplished by any convenient method, including simply placing

25 the selected sperm sample in a 5°Celsius environment.

30



targeted. Exenplary antibiotics include tylosin, gentam cin, |inconycin,
spectinonycin, linco-spectin (a conbination of |inconycin and

spectino nicillin, streptomycin, and WO 01/ 37655 PCT/ 155
10 ticar SW(H;%% ich can be used alone or in conbination. P%@#@&?‘{éone

skilled in the art can readily deteriine other antibiotics suitable for
use in the extender. Exenplary extenders are discussed in greater detail
bel ow andsolatior nfSmexaGellefon thhtlerd Spereofmaié ration is typically lower in

t he sel ected er.m.s le th in th 5 source sanpl e, and, as indicated
above, when F%%g 1|mst1age ‘PS%B?&F ﬁge%?fw%ﬁq@e@;%?? lé%lﬁtteggrﬂmt';‘ﬁi cal sort
based onsasple bipeamyanfiiondy gentla isotilibh ee@a it Biovdles RAEIN Moubs50% 105 cel I s/ m
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t enper at yr.e. a4 roklegd.rate. Cooling too rapidly can cause cold
shock, wﬁllreceﬁ c}éﬁlo%ggtdloglsi%%éﬁsr oss of menbrane integrity and cell function.

The 15 sever i Ayy of a tanietyaff iredtods afitable ifeh redveedingvally frbmasusieadoesntte speci es
and depeggdqgisgﬁfettgrs such (fls he ratle f cool iilrr]r% and thg t enperature
range. URHSr SOPFEABT PeRB P BITEET CuBmis flraghdfetimneton gad cieation- abl e to
adaft t ot sresxemblagf, pefired elbedipk, fe saBRADspRih Snsple isABGWddIRR J0anAMi ti ons

for cool h@? bovj ne sgerm dand deE?Irqgi ning sujtable conditions faor cooling
sper m of %%rrvog“ff?éf‘ lexpeedipzaheut - andpEifergbly biween ahqui Jto gpput 23a@nly [y 5

pr ef er r edeerfidiisrEl tartibd bltat AVOMEITCERTs, 4 BEous 84 (RE | o R8I I miRke s cool ed
typical | r%{ﬂéggout 22Cel sius, to about 5Celsius, and cooling is generally

f
carried %f??ef e cenirygation HeP BIBBides 4 dears abawie’d % 1o 2hes 3P%agcaveyraf,

pr ef er abbperVi@breraPerabl9 dbdil 669391 hboAPIIY Rtbbsty of HeADAME modGriRYles, and
Sﬁt5 preferably over a period of about 90 m phutés to about 120 ’m nutes.
|

no
Cool™l ng B2 B & eRomhT 1% Frser sy ofegrme omferrisadationnibe rrpematanics gamavgd sadipl y
placi ng &R pehd iSRkRAHHECLSREEDhS 8EHRly B tdpeRePiB it diSit SHRNARE bperm 30

concentration is then typically determined (e.g., using a hemacytometer).

Final Extension of Isolated Sperm Cells

20 After isolation, the sperm are pooled, if desired, and extended with final extender to
an appropriate concentration for freezing. The concentration of sperm after the final
extension and prior to freezing is preferably in the range of about 1 x 10%/ml to about 300 x
10%/ml, more preferably about 10 x 10%ml to about 50 x 10%/m1, and most preferably about 10
x 10%/ml to about 20 x 10%/ml.
25 The description of the initial extender above also applies to the final extender, which
can be the same as or different from the initial extender. In particular embodiments, the
composition of the sperm sample extended with the final extender is substantially similar to
(if not the same as) the composition of the sperm sample after addition of the initial extender.

In a preferred embodiment of the invention, an egg yolk-Tris extender is used. After
30 the addition of the extender, the sperm suspension comprises glycerol (cryoprotectant); citric
acid and Tris[hydroxymethyl]aminomethane (buffer); egg yolk (organic substance); fructose

(energy source); tylosin, gentamicin, and linco-spectin (antibiotics). The typical approximate



WO 01/ 37655 PCTI USOQO 30155 11 Isolation of SpermCells fromthe Sel ected
Sperm Sanpl e After initial extension of the selected spermsanple, sperm
are isola f the sanple using any sufficiently gentle | i

met hod thgﬁggygggées at | east about 50% recovery of spern?chég%&%bggerably
about 75%to about 90% recovery of spe2m and nost 5 preferably about 80%
to about 90% recovery of sperm During the isolation step, the cooled

sper m sheanegnigtions of tﬁgse kempenphts@fttdiddition.of tHedinalesxrendérao thelisadmed sgeant

8Cel sius,, and preferably close to 4 or 5Celsius. Any of a variety of

met hods sui'table for recovering cells froma suspension can be used to

i sol ate the sperm i ncl udiQompoaentex@ibay EolkfTirik EkRhdedn, sedi nentation, and
centrifugation. 1Q, 1n an exenplary, preferred enbodinment, the sel ected
sperm sanple is alaaﬁ%?gd into 50"m tubes at ﬂﬁggﬁﬁgaﬁot exceedi ng about
27 nb, and pref er abitye Adtiween about 20 to aboutss2éms.  Centrifugation is
carried out at abQﬁ% 49§Isius, t .about 850 x g, for about 20 m nutes.
Preferably, the cemt¥PYHgRmmH! matharedes atl9P@4mMbout 50% to about
90% recovery of spgrysk:nore preferably about 60Ppf gagput 90% recovery of
sperm and nost preferably 15 about 70%to about 90% recovery of sperm
After isolation, tHB®$pernatant is renmoved and>-66mMpel | et i s suspended by
vortexing gently Ofylsspeat ed aspiration at 4Cel2§_ilH§ 'll;ne sperm
concentration is tHen typically determned (e.g., U P%g a hemacytoneter).
Fi n8? Ext ensi on ofGdngamhigined Sperm Cel | s 20 Aft @00-36®[@ilon, the spermare
pool ed, if desireq¥ and extended with final extender to, an appropriate
concentration for PPEEPFHE" The concentration SPO4HrsMiter the final

ext ension and pri Oioot40o fgfn@ Gkdomptin'8a 1068508 APLL¥eribchydzE T ange of about 1 x
106/ M to about 300 x 106/m, nore preferably a%out 10 x 106/ m to about
50 x 106/ m, and nost preferably about 10 x 106/m to about 20 x 106/ m .
25 The descr i ptd Vfatt dfitgs bAbddiRbnioutROAR sﬁaﬁié%@ére%ﬁn?ﬁ%h@&em gbe final

ext ppder, which can be the same as or different fromthe ini'tial extender.
I n parti EeRCspiradinpinfithaseeunpangets afieraddision phihe Shalientendsn é e ssatatddesperat ended

Wi th theafelpalt 6@%@@%g1§&rﬁ,%§ﬁ@§i&§#éi¥ic%&i§j b3t 208 &Mi f not the same as)

t he conposition of the $pern1sang ter addition the initial extender.
In a prefl@flhedosmssuilamimomsthanh about 20 (volivo)ass golly, aboltSSTnMsfrestesender i s

used. Af biffut 50 pg/ml tylosin, about 250 pig/ml gentamicin, and about 150/300 pg/ml linco-spectin

(i-e., 150 pg/ml lincomycin and 300 pg/ml spectinomycin), in deionized water.

20 In an alternative embodiment, an egg yolk-citrate extender is employed. After the
addition of the extender, the sperm suspension comprises glycerol (cryoprotectant); sodium
citrate (buffer); egg yolk (organic substance); tylosin, gentamicin, and linco-spectin
(antibiotics). The typical approximate concentrations of these components after addition of

s the final extender to the isolated sperm are: '

30



30 the addition of the extender, the sperm suspension conprises glycerol
(cryoprotectant); citric acid and Tris[hydroxynet hyl ] am nonet hane
(buffer); (organi ¢ substance); fructose (energy sour X | osi n,
gent am ci X&gglﬁ%%‘%(nco spectin (antibiotics). The typical aﬁ%?@‘%%%qlég/m
01/ 37655 PCTI USOQ 30155 12 concentratlBons of these conponents after
addition of the final extender to the isolated sperm are: Conponents of
Egg Yol k-Tris Extender dycerol: 4-8%vol/vol 5 Citric Acid: 55-75 mM
Tri s [ hydroxynet hyl ] am ng ; ] ol k: 5-25% vol /vol

Fruct ose: 45-65 nM Tyl ost+ ; a0 i cin: 200-300 g/ m

Li nco- spectin: 100c¥&d0lg/ m * 100 400 g/ n1 i nqqm(%m,oand 100- 400 gg/ nl
spectinonycin In ariati on of this enbodi ment _particularly suitable for
freezing bovine sSSeQP g 15 concentrations &f- e conponents after
addision of the figglyotixtender to the isol atedsspes@mdf e about 6%

(vol /vol) glycerol about 65 mMcitric acid, about 200 nmM

Tri s[ hydr oxynet hyI"ﬁL ¢fHonet hane, about 20%(v02/5*\,1@0)lg/@g}g yol k, about 56 mv
fructose, about tylosin, about 250 p ent am ci n, and about
150/ 300 g/ n ||ncg@%"%{e”g§tk| h (i.e, 150 g/ %é%c%( nd 300 g/
spectinonycin), irLide-gpeetred water. 20 In an alm@.nompm enbodi nent, an egg
yol k-citrate extender is enployed. After the addition of the extender t he
sper m suspensi on cé(f‘?pp‘?'égé%'hljﬂW}i“é‘raﬁ‘f 10p-800ye/pt Btk ) ; sodium citrate

(buiQ er); egg yolk (organic substance); tylosin, gentam cin, and

| i nco-spectin én anti bi ot| cs). The typical approximte concent rations of
these conponeff&BlaY-drelgmed ¢omgrtigtionsiiorirrering bowne Hisee areraboptyds (vobvel) ed

Sperm ar @lyceal, abtfdt 72 mM sodium citrate, about 20% (vol/vol) egg yolk, about 50 pg/ml tylosin,

about 250 ug/mi gentamicin, and about 250/300 pg/ml linco-spectin.
In another alternative embodiment, an egg yolk-TES-Tris (“EY TEST”) extender is

15 employed. After the addition of the extender, the sperm suspension comprises glycerol
(cryoprotectant); egg yolk and heated milk, e.g., homogenized milk containing 1.25%
fructose with 10% glycerol (organic substances); tylosin, gentamicin, and linco-spectin
(antibiotics). The typical approximate concentrations of these components after addition of
the final extender to the isolated sperm are:

20 Components of Egg Yolk TES-Tris Extender

Glycerol: 3-7% vol/vol
Tris [hydroxymethy-methyl]-2-aminoethanesulfonic acid: 140-170 mM
Tris [hydroxymethyl]Jaminomethane; 60-80 mM
Egg yolk: 5-25% vol/vol
25 Fructose: 5-12 mM
Tylosin: 50-150 pg/ml
Gentamicin: 400-600 pg/ml
Linco-spectin: 200-700 pg/mL’
30

200-700 pg/ml lincomycin and 200-700 pg/ml spectinomycin



WO 01/ 37655 PCT/ USOQO' 30155 13 Components of Egg Yol k-G trate Extender
dycerol: 4-8%vol/vol SodiumCitrate : 60-80 nM5 Egg yol k: 5-25% vol /vol
Tyl osin m  Gentam cin: 200-300 g/m Linco-spec 0

g/ mL* 10?%6%976 | i nconycin and 100-400 g/ m specti nom}’ﬁﬂjg}?&%l@
Exenpl ary, preferred concentrations fol4 freezing bovine spermare about 7%
(vol/vol) glycerol, about 72 mM sodiumcitrate, about 20% (vol/vol) egg
yol k, about 5G-*§mplary, prefered, congeisations &g fregding bayenst speintm abeut d%alyokitol 250/ 300

& By !I':Eg%@z R TR Bk b 2 SRR g RC o PR, Ener
t he sper Epdhsirorymetiviennenethaye ebalt 20%¢vqlbfpr)(egg§zdilla,rm))mt Sagd fiynotoke, and
heated m eni m | k contai.ni n 2 ru with 10%
gl ycerol {or 91?8?@’ mngg?gh%é)%fﬁo TH8eR" é’htaB uﬁg?(@ﬂi? LI‘g?’ﬁg]csb“cé’pect in

(ant ibi otspestin. The typi cal approxi mate concentrations of t hese conponents
after addition_of tt?le final. extender to the isolated ermare: 20

Conponent's of apgibgr afigrmatiyq enbedimenyef theynyension) a I\@k epear is,Brployed; s

[ hydr oxy rmﬁéi)thermlﬁmbh]ofa:eaﬂ‘teﬂd&tthégﬁﬁﬁ k&s%%s%na&hﬁnsés fosrb) Wg{‘{&'ﬁ S Lot ose-

[ hydr oxynet h am no thane 60- 8 gg yol k A)vo
5-12 nM Eﬁﬁ%%ﬁ"g BBI kdgreatic sebstneey; ycipse fmerspourey)nand tylosiv.o- spect i n:

200- 700 Qdefifalnicin, and linco-spectin (antibiotics). The typical approximate concentrations of these

10 components after addition of the final extender to the isolated sperm are:

Components of Milk Extender
Homogenized Milk 90% (vol/vol)
Glycerol: 3-7% (vol/vol)
15 Fructose: 1.25 % (wt/vol)
Tylosin: 50 pg/ml
Gentamicin: 250 pg/ml
Linco-spectin: 250/300 pg/ml

*

20 *
250-300 pg/ml lincomycin and 250-300 pg/ml spectinomycin

Exemplary preferred concentrations for freezing bovine sperm are about 90% milk,
about 10% (vol/vol) glycerol, about 1.25% fructose (wt/vol?), about 50 pg/ml tylosin, about
250 pg/ml gentamicin, and about 250/300 pg/ml linco-spectin.

2 Other extenders standardly used to freeze sperm can also be employed as the final
extender in freezing selected sperm. A variety of extenders optimized for use in freezing
sperm from various species have been described, and many are commercially available.
Freezing extenders for equine sperm typically consist of milk, egg yolk, various sugars,
electrolytes and a cryoprotectant. Exemplary freezing extenders are described by Squires,

30
E.L, etal., Cooled and Frozen Stallion Semen Animal Reprod. and Biotechnology

Laboratory, Bulletin No. 69, Chapter 8, “Seminal Extenders” pp. 49-51 (July, 1999).



30 200-700 g/l Iinconycin and 200-700 .tg/m spectinonycin WO 01/ 37655
PCT/ US00/ 30155 14 Exenplary, preferred concentrations for freezing bovine
sperm are_about 5% (vol/vol) glycerol, about 158nmM

Tri s[ hydr SXQREYH32 net hyl | - 2- am noet hanesul foni ¢ acid, aboufCFISOHRAISS

Tri s[ hydr oxynet hyl ] ani nonet hane, aboutl520% (vol /vol) egg yol k, about 8nmM
fructose, about 100 pg/m tylosin, about 500 pg/m gentam cin, and about 3
00/ 600 t gfarlibrativnenB Fegeaipg ohSpetm yet anot her al ternative enbodi ment of the

[ tion, a . ' loved. After. the addition of the
ot onder ' t e Bt O Slenh SuBlIR BYEEs o tstlion {5pRTY wHa Nty :  heat ed
honogeni zedsfairékinfoarogtaimess fonfoczmgc &) the Speti tagsitehdydevtse HOfHERA orf) ik

tyl osin, entanmi ci.n,.and |inco-specti anti bi.otics), The.typical

oo oxi el B A e P oy 5 RBE el R bier B Ahen Bre ¢ he
finab extrequited dbse chieary SesahtdllySish Bha§Reies CARPAIXEMASs BftheMulell-KaYKaNder
Honogeni | /val) 15 Fructose: 1.25

ed | k 90% (vol / vol ycerol: 3-7% (vo
% (Wt / volz(?-g-’ ﬁM%f c38f pnd %ﬁe@)/ ‘?ﬁca@ﬁ?%ecﬁiﬁ?w- 5@%%%@; Freotelsstedibeine 250/ 300
g/ m 20 sp&fl, 36Hefibit dobds RAREYGM KRR .8 RA0BHenf1dhboa PES k100K N Exenpl ary
preferred concentrations for freezing bovine spermare about 90% m |k,

about 10% (volYsy §¥ifably spriatst cands smployed Sunfreezing, dreduding for skayplecasout 50
pg/ M tylagphlR, a FAOHA . SRR @@ﬁ gpm;z /

| i nco-speag%i n.;aZS’Ocdhaegﬁglx%)g}c%rs s'I?&aT% .é?éfy g% toelfréceyetr:zégggeg%’rgh&scan al so
be &%pl oyRler @s0mHstrpwidesigned fennge withanfinsewiniation gl dreferdblypeboins & vari ety of
ext ender $xQRE M &S ?Tngc?] thU%aW,QOlinge%,Z{n ue%gggp}ai;r‘,rbsr%g@n}f ! AdxphES & have

been descri bed, and y are commercially a
that the sperm are flanked on either side by an air space, which separates the sperm from a

bolus of extender at either end of the straw.
Prior to freezing, the sperm are generally allowed to equilibrate at about 5°C.

15 Preferably, the sperm are allowed to equilibrate for a period in the range of about 1 hour to
about 18 hours, more preferably between about 3 hours and about 18 hours, and most
preferably between about 3 hours and about 6 hours (see Example 2).

Following equilibration, any standard freezing method can be employed, provided the
freezing rate is not too rapid (i.e., not in excess of about 0.5°C/minute). Preferably, the

20 freezing rate is about 0.5°C/minute. In an exemplary, preferred embodiment, the sperm are
placed in static liquid nitrogen vapor, and freezing is carried out in three distinct stages over a
period of about 10 minutes. In the first stage of freezing, the sperm are cooled from about
5°C to about -15°C at a rate of about 40°C/minute to about 65°C/minute. In the second stage
of freezing, the sperrh are cooled from about -15°C to about -60°C at a rate of about

25 25°C/minute to about 35°C/minute. In the third stage, the sperm are plunged into liquid
nitrogen at about -100°C. '

Selected Sperm Samples
In addition to a freezing method, the invention provides a frozen sperm sample

30 including sperm selected from a source sample for a particular characteristic. The sperm can
be from any species, including any of those discussed above with reference to the freezing
method. The invention encompasses frozen sperm selected for any characteristic by any

suitable method, such as those described above. Preferred embodiments include frozen sex-



Freezing extenders for equine spermtypically consist of mlk, egg yolKk,
various sugars, electrolytes and a cryoprotectant. Exenplary freezing
extenders_are described by Squires, 30 E. L., et al., Cool ed and %:r%zen
Stall'ion SSMYA7&RN nal Reprod and Bi ot echnol ogy Laborator y,PCHHSP% 1% No
69, Chapter 8, "Seninal Extenders" pp.l®849-51 (July, 1999). WO 01/37655
PCT/ US00/ 30155 15 Equilibration and Freezing of Sperm Extension of the
sper m sarfsleete hypane beviee, QiipR peIciNs, ofing ply on bisehispdrmi. Sekiselactidoriansf er r ed

i nto contai : Al [ re intended for use in

fertili za@%fgﬁi,s@tc%%%d g@ﬁ%‘é‘gg@ g Je'féorﬁ/%ﬁiagﬁ%c&%egd] %eaﬂglﬁyea %%it o i ndi vi dual doses
suf ficient toAdshiigdue theseapelof getinemtion e contmen dontathiftkps foLARpstal $ample
substanti A ectes tao the next a is either ] -knowmn (e.g.,
For - catt 1eink kAR SR AR ThE St 5 BE Bl o iR pitabiof

sex- §el ectatiwith therfeozersgpermpamsla wahicaanivelagehape ah gell festeahfUicilltas ¥se1 06

spermto out 10 rm. An ui tabl e.cont ai ner can be enpl oyed for
freezi ng,O%i r?csﬁlﬁgrle%%r?&h?l ?enggcgﬂ’%}l‘é%uo n Omieé ,mt%{‘%@‘?%? usejinlgtoz example,sper m
i nt ended theoconfineaiseoiyenlenty b ¥rdw @Z£0.29'mBér (29\a! §tfawd desiShedTor vk8 with 2" 0. 50

m straws desi.gﬁr;ed fﬁ{ﬁ‘ use. Wwth an insem nation gun. Preferably, a bolus
of ext endBFTRRUER gV F5CEnRREr %F?aifiﬂ,mf“@f eRsEsuitable fapresayving thy sammle atsper m

air. and Gnefdelsorsd bl @hRRY WhER veloAN KB R0l e g oy an ait

Spa(fé’ whi ch separates th ermf us of extender at either end of
t he '8t r ake seledp for instanees &ith Ry C povedespdtraspuicallygenvetted ¢optonipolywiny] plog

equili br%g/opgstﬁpgggste@poanl@}gﬁr eferably, the spermare allowed to
equilibrate for a period in the range of about 1 hour to about 18 hours,
nmore preferably aResperh 6ampls ofithe iventinh isbypicklly Bawedibeforeand tiost

pr ef er abl: t u out urs (see, Exanple 2).

Fol | ow nglgly Végﬁw\iﬁﬁbégﬁgﬁa tgarﬁ/%é{)%ﬁlggﬁﬁgg %eélé‘%?eﬁgg ﬁ%?rﬂlosamg%fr‘?ngé cgﬂ%llr%ryed,

provi ded mdiuding suelez thaged sanplé.s not too rapid (i.e., not in excess of about
0.5¢m nute). Preferably, fhe 20, f rez'en 1A i§ aQout 0.5C/mnute. In an
exenpl ary, preferred entot S the-spetrtrare praced in static liquid

ni trogen vapofhe fiominfelenai spgrm sangsie of thel inveitionts dultaisle fetiusé innGily nedm@des over a
eriod of ;about 10 minutes. In the fjrst stage of freezing, the spermare
Eool ed fronTaBat e B tﬁ%ﬁ%ﬁ})?e ¢ S’étéﬁweg aPéP%S(’J‘? a‘%’H’BHYenEB%I F?‘?rﬁh%"é‘g’f‘o about
65C/ m nutneethodnsuch es ftficsidnstndi@ion or in vitro fertilization. Thawing is carried out in the

same manner as for frozen, non-selected sperm. Briefly, the straw containing the frozen

20 sperm is submerged in a water bath maintained at a temperature of about 35°C to about 37°C
for a period of about 20 to about 30 seconds. After thawing, semen deposition (e.g.,

insemination) is carried out according to standard procedures, taking care to protect the sperm

from environmental fluctuations.

25

30



of freezing, the spermare cooled fromabout -15C to about -60C at a rate
of about 25 25C/ mnute to about 35C/ mnute. In the third stage, the sperm
are pl unggd, iy @;78)5 sliquid nitrogen at about -100C. Sel ect edpSprisodpass! €s I n
addition to reezing nethod, the invention provides a frozen sperm sanple
30 i ncluding sperm sel ected froma sodfce sanple for a particul ar
characteristic. The spermcan be from any species, including any of those
di scussed above with reference to the freezing nethod. The invention
enconpasses frozen sperm sel ected ﬁwschar acteristic by any suitable
met hod, such as those descri bed above. Preferred enbodi nents include frozen
sex WD 01/37655 PCTIUSCQ 30155 16 Empletled human, bovine, equine, porcine,
ovi ne, elk, or bison sperm eferably carried out using
flow cytonetry as descri bed g%%erg%,?fyfug '6% so within the scope of the

i nveht i onObjsctaver bmdeddrmane thoeffat of spgmacdncomatiorsespers amplity foanmefredeng t o t he
i nvention. The container can be f material that does not 5
react with the frozen sper&%g%qdob‘gﬁghbéﬁl%gﬁé “Tfhy shape or other feature
that facilitates use of the sanple for the intended application. For

sanpl es nt enBdistaDilugen omNéw-wafhed Speranpl €, the container is conveniently
a straw (e.g., 0.25 m or 0.5 m straw) designed for use with an

:O p;grenr C?tn boghgug CABEI VAN shmni egg‘agv&e?e ctg@ﬁgﬁ{b&?gbﬁ mgéuglﬁé or
typttal | yolbemwch@i@@sismgus art{ficRs vagmesasrdambahm SbﬁeﬂkeT ,Srad Bulh NIAG¥B,i nst ance,
wi th PVC p Steg 9gsgla.{15 ?%%géﬁib%éﬁ %0%801&9& Q ro Oilyz/ ?%’{]19%)“9\11 and/or a

stai nl es8 rozén sperms hvention is
typi cal | yjatdiawadecbmd@@,terttﬂma 50bapregrtssivelyahsiiie mdsgrede:sthm Tawed,

revi ousl sel ect ed sper.m sanple an contai ner includi such a
| !to hawed sgyn'ﬁqhgp gf@ AR %@?‘?‘}&ucts %}ére?élﬂ%‘g}ogﬁe %ﬁ'e??ﬁ“%éﬁﬁldgsc?ﬁ%é ?’?ozen
sel ect edSkipesr, mrdzamnAB Thfchd@ﬁfAhqud am 3B88$L98B§ibitﬁmf16rm1uﬁ1es bfficotlegtionet hod i n
whi gh sperm are u T e sanpl e can ge t hawed and used in any conventi onal
fertl | i zﬁ?ﬁﬁcmﬁﬁq OLPER™ %s g?t?’?nf“i‘e |“é‘|ng|aﬁE%H:P&5’tt‘?I6‘ﬁe invitro

fertilization. Thaw ng is carried out in the sane manner as for frozen,

non-sel ect ed sper Myed¥dsekhdrm £8E 4PulidWec bRl B 195,01 5f {926 Mhnd 20 x
10%/ml using an egg yolk-citrate extender (EYC) prepared with 20% egg yolk (vol/vol) in 72

mM sodium citrate, 50 Tg/ml tylosin, 250 Tg/m! gentamicin, and 250/300 Tg/ml linco-

20 spectin. Each sample was prepared in duplicate (2 tubes/dilution/bull) and comprised 8 ml
total volume per tube. All samples were incubated for 60 minutes at 22°C, after which they
were centrifuged using a swinging bucket centrifuge (Eppendorf, Model # 5810R) at 600 x g
for 10 minutes to concentrate the sperm. After centrifugation, the supernatant from one set of
the duplicate tubes wés not removed; the sperm were resuspended in the same medium and at

25 the original concentration by repeated gentle aspiration using a 5-ml serological pipette. (The
second set of the duplicate tubes were used in Example 1B.) Sperm samples were then
cooled to 5°C at 0.2°C/min over 90 minutes. These sperm were termed “non-washed sperm.”

All samples were incubated at 5°C for 24 or 48 h post-collection.

30 3. Evaluation of Motility. After incubation, the samples were warmed to 37°C

using a dry block incubator for 10 minutes prior to determination of motility. For this
experiment, a single, blind estimate of the percentage of progressively motile sperm was

determined for each sample. Progressive sperm motility was determined subjectively for



20 spermis subnmerged in a water bath maintained at a tenperature of about
35C to about 37C for a period of about 20 to about 30 seconds. After

t hawi ng, G&yAR7E8Position (e.g., insemnation) is carriedp@pisfpesssdi ng to
standard procedures, taking care to pigt ect the sperm from environnental
fluctuations. 25 30 WD 01/37655 PCTI USOQ' 30155 17 EXAMPLES Exanple 1
Effects O D | ive: to determ ne the effect of sperm

Sp rmbS5 e
concent r?ﬂcm‘rﬁbcgﬁﬁ &b%?lﬁg froPSeryer @grp%ﬂ%ﬁfop%ﬁgﬁcms%ﬁﬁ apthesgersgfut  hi ghl y
diluted piRpirtd thdmittbécdpd Side§ il ﬂahﬂdnﬁﬂe&ﬂaﬁl@ﬁso%@@@sgrvgpﬁﬁsrﬂn]awa%fl ection of
Sour ce Sarrpl e. Spermwere collected frombulls on a routine 10 collection
schedul eTtAPEYS-an artificial vagina as descrl bed in Schenk J., Proc 17th
NAAB, p.48-58 (1998), and Saacke RG Proc NAAB Tech Conf Al Reprod.
41:22-27 (197R) . Abdrisri@il Akt EBath SRE: :&Q@E@d B}ﬂﬁa%ﬁak%mhé@@z@%

0

progr essj vel %Iléemtl | e and rgr eater than 75 nmor phol ogi cal Iy normal sperm
Ant i bi ot fisdtuiRetery ierdhCgling avithfogters hully fﬁldémaél dilsten ¢aneentiafion. SPpATa® | Pr oc
NAAB TecinafRef wéb d&ieoPkch %u@ﬁloﬁ%nﬁl%ﬁﬁl}lo%glﬂk eléte%@h'éu?%(e 11%9 | ect on,
15 and the concentration of spermwas determned using a s jot onet er .
2. Met ho#®2®perm from 4 bulls were diluted to 1.25, 2.5, 5, 10 15 and 20
X 106/ m wusing an egg yol k-citrate extender (EYC) prepared with 20% egg
yol k (vol/vols, in Rge2u ”Mﬁqgiﬁm&ahé@%dé bl Fevehieh 0 Tg/m

ge tam cin, and 250/ §US T |II’ICSO 2 g%g%tl n) E‘éec %%Pegéwas prepared in
dupt¥ cat @laPQH%hEPéégi%@ll)Lﬁer@m ipenbatiomtimes deprentzach  mtile spotmaincyesbadras per
tube. Al 5800 cEoraiBh tckddSdiitd £ 4 25 Qr t whi ch they
were cent rel fugecd ua5| ng ca SW ngl ngggl}ggglgmc% ?(?{Iglgbgt peg%%j@?? Model # 581
OR) at 6@iffesenep thergpiter0The enbicetsrm wagsgSeant R<€.05h &or S drand makginally
centrifugal:koR f r ubes was
not rem)v%g1 t@g%?%gﬁgpgé@géﬁsspgﬂ%g%g%khgﬁecﬁm&aglguén@gh eéat 25 the
original concentration by repeated gentle aspiration using a 5-nl

sergl ogi cal pipette. 'I(-IH;':

Effects of cooling on non-washed sperm
motility (%) after cooling to 5°C.

Incubation at 5°C
Dilution 24 1* 48 n°
(105/ml)
1.25 18° 0°
20 2.5 3854 64
5.0 56¢ 31%*
10.0 61° 42°
15.0 55¢ 44°
20.0 584 41°
25 SEf 5.6 6.4
? (log) linear (P<0.01) and cubic effects (P<0.05).
® (log) linear (P<0.01) and cubic effects (P<0.1).
%4 Means within columns without common
superscripts differ (P<0.05).
30 Yerror mean square of ANOVA +vN

(SAS Institute, Cary, NC, USA)



second set of the duplicate tubes were used in Exanple 1B.) Sperm sanpl es
were then cooled to 5C at 0.2C/ mn over 90 m nutes. These sperm were
terned " o\Bsdagd sperm™ Al sanples were incubated at ggfigosdhsor 48 h
post - col ngtol on. §>30 3. Evaluation ofijgMotility. After incubation, the
sanples were warned to 37C wusing a dry block incubator for 10 m nutes
prior ty degt i BabIRR,h WRLdd kM, FOr this experinent, a single, blind
estimate of the percentage of progressively notile spermwas determ ned
for each sanple. Progressive er tilit det ermin [; ively for
W0 01/ 37655 pCTi (ke daolice 30plc TR beebnd el Bine Gustichle AR §%}rﬂ\}§§§( X200,
phase- campleapicpired ind>ample) LA were ubwelrin ies egarimpmtepar ed t he m croscope slides
in a random zed nanner so the observer was unaware of treatments. 5 4.
Statistical yAnal ysig4s. BieRpiei werd B YT Gt ubMe PRl MRlAuRbd ¥l | ance (SAS
Institute, Cary, North Carolina) with factors bulls and initial dilution
concentceaitifugatiorSsga Exareple dAaFolesingeqnarifgeniions bF mbatthe sereumstant was ti ne.

Diluti - e - US| A - -Results. Data
For - non Ry MRS ERPnl Floath b Bl By nkRMAASHS sl T8 h pe

( P<0. 0Bp0-fubdpellvot Fhd spembattc diluted mith E Ye(seehtaagds | o) tompke 1@ xJ0&mii ncr eased
as sperm cg/uientrati on .i ncgrgased froml.25 )1%0%81 t 010. X 106/ M, but

t here wdg 10 ! sRermugnensians She parprlcywep thegfooled igiocC PZFRORREUES &P i cant
(P&0. OPxafnple 124-h and marginally significant (P<0.1) for 48-h incubations.
There was a bull effect (P<0.01) at both tinmes. 15 Table 1. Effects of
cooling on non-washed sperm notility (%9 after cooling to 5C. Incubation
at 5C Di | ut Bon 2Bvdieuti8 ofilotif} 0Bhadamples2erd 8am@d an@Evatated38Br c,d 6 'd 5.0

56d 3 1%$0g%e05519e gl%tiﬂtyig T Example 1A.

4. Statistical Analysis. Data were analyzed as in Example 1A. In addition, data

15 . . .
in Example 1B were analyzed for incubation concentration at 5°C.

5. Results. Data for washed sperm (Table 2) revealed no significant treatment
effects when sperm were evaluated after 24 h. However, after storage for 48 h at 5°C, there
were bull, initial dilution, incubation concentration and bull by incubation effects (P<0.05).

20 More sperm remained motile when held at 20 x 10% /ml than at 10 x 10° /m1 (31% vs. 20%;
P<0.05). Initial dilutions of 1.25, 2.5, and 5 x 10° sperm/ml resulted in lower progressive
motility than 10 x 10° sperm/ml (P<0.05), with respective main effect means of 19, 20, 27,

and 37% motile sperm.

25
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15.0 55d 44e 20.0 58d 4l1le 25 S.E.f 5.6 6.4 a (log) linear (P<0.01) and
cubic effects (P<0.05). b (log) linear (P<0.01) and cubic effects (P<0.1).
c,d,e Means within colums w thout comon superscripts differ &P<0.05). 30
f error nmYNOMY 63 e of ANOVA=, N (SAS Institute, Cary, NECT{USRY3)gS

01/ 37655 PCT/ US00/ 30155 19 B. Effect$0of Dilution on Washed Sperm 1.

Col l ection of Source Sanple. The second set of the duplicate tubes
containing sanples prepared in Exanple 1 A were used in this experinent. 5
2. Methods. The sperm were diluted, incubated and concentrated by
centrifugation as in Exanple 1A Follow ng centrifugation, 7.1 m of the
super nat ant wesble ZsPumdstide dffeotof svathing) Bdytiohpeonvénmgtiomaid @blihdieén seni nal

pl asma and | eavi ng t he sper mpropréssivO Ot npilibyet®%) The sperm were dil uted
with EYC (see Exanple 1A) to Ke 10 1g6/ﬁ1 or 20 x 1 m. sperm
suspknsi ons. The sanpl es V\B#@E&Mﬁ:é pery Goncenpationand Dyatiny a5 in 10
Exanple | A. 3. Evaluation of Motilit34h The sanpl es wer e4&ht ned and eval uat ed
for progresgeMecdRiidihly asgi mph g . | . ' cal sis. Data
wer e analyzgﬁzﬁglhanxé%%leggﬁggﬁﬁg-aégﬁéﬁgﬁi- Al 1iH9éQg§%§e 1B were
anal yzed for, linGubadi #87goncentration at 5C. 5. Results. Data for washed

spern1(TabFE—ZT"rggga#Ed1ﬂT1ngEr+Ttanf—frea%ﬁEﬁt——e++ech§ﬁMﬁ#rspern1mere
eval uated after 2 . However, "after stoﬁ%ge for 48 h at 5C !X here were

bull, initial dilmusion, incubation conceagration aggd bull bypj ncubati on
effé@ts (P<0.05).?§? Mor e sperg%renained tile whegn held at_ 20 x 106 /n

than at 10 x 106 (31%vs. 20% P<0.6%). InitisA dilutidds of 1.25,
2.5, and 5 x 10618pernm m resulsted in | oger progrefsive 34

15.0 60 41

20.0 55 40

* Concentration to 20 x 10° sperm/m] was superior (P<0.05) to 10 x 10°® sperm/ml
15 after 48 h storage.
Also, initial dilution to 10 x 10° was superior to lower dilutions (P<0.05).
Pooled standard errors (Verror mean square of ANOVA N were 4.0 for 24 h, and
2.8 for 48 h incubations.

® Significant (log) linear trend (P<0.06).

20
C. Conclusion

High sperm dilution and cooling resulted in a substantial reduction in the percentage
of motile sperm, regardless of the presence or removal of seminal plasma. However, this
dilution effect was greatly attenuated by concentrating the diluted sperm to 10 x 10%ml and

25 even more, to 20 x 10%/ml before storage at 5°C. Sperm from some bulls tolerated dilution
better than sperm from other bulls; however, the bull differences found are typical.
Extremely dilute sperm might be compromised during sorting, in part, by removal of

protective compounds in seminal plasma.

30 Example 2
Effects of Equilibration Time Before Freezing Sorted Sperm

Objective: to evaluate the effect of equilibration times (3, 6 and 18 h, 5°C) before freezing on

flow-sorted sperm.



motility than 10 x 106 spermim (P<0.05), with respective main effect neans
of 19, 20, 27, and 37% notile sperm 25 30 WO 01/37655 PCT/ US00/ 30155 20
Table 2. Cumul ative effects of washing, dilution, concentration and_cooling
on progr &%PW@Sperm nmotility (%9 5 Storage at 5C - Sper mP&Tﬂ&S@W{’?lg%i on
and Duration 24h 48 ha Spermcons (1@/m) 20 x 106/m 10 x 106/m 20 x
106/m 10 x 106/mMb during 1 h preincubation at 37C 1.25 45 49 24 15 10
2.5 51 40rh2%olboivindexpebrheritdval 2eplitated G iy dnfireBOusty tBdsankhufls:60 41 20.0 55 40 a
Concentration to 20 x 106 spermim was superior (P<0.05) to 10 x 106

spermm 15 after A soqinitial dilution to 10 x 106 was
superior to Igi/ver %ﬁr@?&%ﬁ SBEGt %i!cfﬁ%l{lgﬁvcféer%? S?tf(g?“éd()‘(rg?aﬁﬂ'asnean
squar e o daNoObedl indixempled A.or 24 h, and 2.8 for 48 h incubations. b
Significant (log) linear trend (P<0.06). 20 C. Conclusion H gh sperm

di l usion and cooling resulted in a substantial reduction in the percentage
of nmotile spelm ré&a&d&-ess of the presence or renoval of seninal plasna.

However, this dilution effect was greatly attenuated by concentrating the
diluted spermto 1® x 1%ihing anddreparation for Sort.

1) Preparation of Stain Stock Solution: a stock solution of 8.89
mM Hoechst 33342 (bis-Benzimide H-33342; #190305, ICN Biomedicals Inc.,

10 Aurora, OH) was prepared in deionized water.

i1) Sperm Stain Procedure: sperm were diluted in a modified
TALP buffer (Table 3) to 400 x 10° sperm/ml. Following dilution, Hoechst 33342
dye was added to the sperm suspensions at a concentration of 224 pM. After the stain
was added to the sperm suspensions, the samples were incubated for 60 minutes at
34°C. Following incubation, sperm were diluted to 100 x 10%m] with TALP
containing 2.67% clarified egg yolk and 0.002% food coloring dye (FD&C #40)

which quenches the fluorescence of Hoechst 33342 in sperm with compromised cell

15

membranes, allowing them to be gated out during the sorting process. Just prior to
flow sorting, samples were filtered at unit gravity through a 40-um nylon mesh filter

20
to remove any debris and/or clumped sperm.

b) Sorting. A two-line argon laser operating at 351 and 364 nm and 150

mW was used to excite the Hoechst 33342 dye. The flow cytometer/cell sorter used

,was an SX MoFlo® (Cytomation, Inc., Fort Collins, CO, USA) operating at 50 psi. A
25 Tris-based sheath fluid was used, consisting of Tris (hydroxymethyl) aminomethane

(Tris; 197.0 mM; #T-1503, Sigma Chemical Co., St. Louis, MO, USA), citric acid

monohydrate (55.4 mM; #C-7129, Sigma Chemical Co., St. Louis, MO, USA) and

fructose (47.5 mM; #F-0127, Sigma Chemical Co., St. Louis, MO, USA). Baseline

antibiotics were also added to the Tris-based sheath fluid consisting of 0.58 g/L of
30 penicillin and 0.05 g/L of streptomycin sulfate.

The sperm were sorted by a process referred to as “bulk sorting” which permits rapid
accumulation of large numbers of sperm so that large-scale examples can be done

within a reasonable time. The sperm pass through the flow cytometer under the



25 even nore, to 20 x 106/ mM before storage at 5C. Sperm from sonme bulls
tolerated dilution better than spermfromother bulls; however, the bull
differencgg, §ipqpgd are typical. Extremely dilute sperm m gpErRRedsaEy o sed
during sorting, In part, by renoval of,, protective conpounds in sem nal

pl asma. 30 Exanple 2 Effects of Equil i%ration Time Before Freezi ng Sorted

Sperm bjective: . to evaluate.the effect of equiljhration tines (3, 6 and 18
50 et or eSS PRRAH CoR RIS SB i BRI e SRS A Vb 30155
21 The fol | owspgmexpetdIReBd int®s singlp hibe d4tB&t thah Hefn} s6fdd ihRtYtubé tagedt he sane
bulls: 1. Collection_of Source Sanple. Sperm of bulls were coll ected and
prepared as HMF%@H?IPW%WI@%?QWB% Y SREYRFGASPOTR) WSt e 98 tend
Preparation f @i iability; HA&QD §leith it hi¥fe cobdinistdPHsmatheitrAes wareSt 0CK
solution of 8.89 nM Hoechst 33342 (bis-Benzimde H 33342; #190305, |ICN
Bi onedi cal s | g¥cludedgumpg Higsortipg. was prepared in deionized water. ii) Sperm
Stain Procedure: spermwere diluted in a nodified TALP buffer (Table 3) to
400 x 106 spePnerd speey Wanmagtamedit Pos 1" Cdednestortgs Pulk soyted spesmansied to the
Sper m suspensiN3icdiin 50-HP BRERY hibksicBRtafding224: Mzo%éggr om. iSd@ner Was added

| es e | ncubated for 6

to the sperm suspensions, the sanp e m nutes at 15

34C. Fol | owi ngrepared wathi28, egg yelkrtveleiod in20QmdETris 63 oM xitdO&idiS6wh TALP
containing 2. 67%.cl axifj k, and 0. 002% riqg dye (ED&C #40)
whi ?8 quenche%z{%ge’ségy?ng égﬁlg’ggghy@%ﬁgl%gﬂ ?%@gf Irrgl\}vl tohs}éec%élrpur’om sed
cel ' menbr andsipniatd watkem JThe kggrydlo-Thie egtahdat wasiterded 1Trig-A hectvar td degoer ocess.

Just prior to,2 | Qw, sorti sanples were filtered at, unit avi t
Chroubh o 00 g S snaeh i pdR Rk prdibe Shomusse Fie bR e
sperm b) Sor thrigin 14 nil\WRd hppdekiRagR + 8FQpergl elttshéieh Wére ibkequty364 i nn and

150
incubated at 22°C for 1 to 3 h to simulate conditions of a sort based on sex-type.

c) Preparation for Freezing. Following incubation, the sorted sperm

15
were cooled to 5°C over the period of 70 minutes. After cooling, the contents of the

two tubes were pooled and transferred to a refrigerated, swinging bucket centrifuge
set at 5°C and centrifuged at 850 x g for 20 minutes. After removing the supernatant,
processing continued at 5°C by adding about 150 pl of Tris-A fraction extender to

20 about 150-pl of sperm pellet to bring the sperm concentration to approximately 40 x
105ml. The sperm of individual bulls were pooled and diluted immediately with an
equal volume of egg yolk-Tris extender containing 12% (v/v) glycerol (“Tris-B
fraction”). The Tris-B fraction was added to the sperm suspension as 2 equal volumes
at 15-minute intervals to adjust the final sperm concentration to 20 x 10%ml. The

25 final glycerol concentration of the complete egg yolk-Tris extender containing the

sperm was 6% (V/v).

d) Eguilibration and Freezing. Extended sperm were then packaged into

0.25-ml polyvinylchloride straws to be frozen by routine procedures on racks in static liquid
nitrogen vapor. Two straws from each of 4 bulls were frozen after 3, 6 and 18 h of total

30 equilibration time at 5°C.

3, Evaluation of Post-Thaw Motility. Straws were thawed in a 37°C water bath

for 30 sec. Blind estimates of progressive motility were made after incubating samples at



mNV was used to excite the Hoechst 33342 dye. The flow cytoneter/cell sorter
used was an SX MoFl oa (Cytomation, Inc., Fort Collins, CO USA) operating
at 50 psiy, ﬁ; kri s-based sheath fluid was used, consistipgrpkooldolss

(hydr oxyrret am nonet hane (Tris; 7.0 mM #T-1503, Signa Chem cal Co.,
St. Louis, ND USA), citric acid nondtydrate (55.4 mM #C- 7129, Sigma
Chem cal St. Louis USA) and fructose (47.5 mM #F-0127, Signma
Cheni cal é&forgtlaq_dcﬁl]i‘EOSt wings Aach pEiave) qbscIvers pRfm3ted (PIECSHE PSR Ms 0 added t o
the Tri s-hagedrsheanbrive btﬁv@@ﬁérﬁéd MtheQf folr b1 YttmALs fog&cﬁg}fﬂeﬁkﬂeh!aﬂ and
0.05 g/L of streptonycin sulfate The spermwere sorted by a process

r ef er r ed U repsesenfspRsagipkRg. ng" which pernits rapid accunul ation of |arge
nunber s of sperm so that | arge-scal e exanples can be done within a
reasonabl e tifre. THetsisehdnabiiss Stastinaly, thhubsameplesoyare sebeed aniBibplohe WO

01/ 37655 PET/IH) oPRAsPIquafcd ANGPARILAREE SR AGRNGSER B hldivd: B
exception that a drop ets containing viable spermwere collected into a
si ngl e t isetoreat lh@ractlwarN e ¢ the numbleri of expeRimentabunitsannd dubsapplas; sppeddrd i ¢

char act er . sid.& e
basi s of \l-/rIB lasb E? éa%u t%dnoé@hé g%gsré?n)ﬂt {(Otthtgé&ggué) 8§R %ﬁ%ﬁaﬁoﬁg@aﬂéﬂhﬁéfgnes
were 5 ex@ﬂ@ﬁédanﬂjﬂlﬁ ngmber$ &f sperimergal uSttaﬂmtalsqsmsmeammmaaemeal ned at 22
1C during sorting. Bulk sorted spermwere collected in 50-m plastic tubes
conﬁ ¢1i ni Ngeagmenit eﬁﬁ:ctszwetﬁegzgugzcﬂ Wa JepamteANOVdsfor arlejpanmtoniimh. 2684mede yol k
(vo voI) i 2Q Tg/ m

tyl osin, 3%‘81 agﬁl n{qyl dg)ir% %léﬁMd% Ltuig%fl %I&)Bgﬁ‘a%rﬁ?bsﬁvﬁrcaglf%%)gg ?crtts glr? 10

dei oni zedubpima:bnsﬁhhofe@obﬁeﬂvkr -tdm sndexbheddeeraviims.t er med "Tris-A fraction” to
denote the lack of glycerol at this point in the procedure. Sperm were

col l ected i n tubesRéesglts. chhrt3aion6-h2quilibaridn tipps ware 9gteabytod 8xh (T@Blegper m The
sperm ver equent cubate at 22C fo t i mul at e

conditi ongseg %hgper%en%g%%f&) r%%esswe m%ge SWgn’c é?‘é‘ﬁ%\é&%%‘ﬁ ut 1o ?Eeleo% i ng.

Fol | oW ngoitrthaaicuteution.t Bffecsosftball vepesvidenttrieandad 1ﬁd1btaﬁ:or51ﬁnes\,(@1<o Dbe period

f 70 m . t | t f t t t.u ol ed
and " tr andberpatf o e BF 1edimibeRi: G mBIRL spilric e PROSEOT RGPS o
and cent rtild‘rugeigniabarﬁBEseWegeffdatf&@nymeﬁpbh&s Af t er renovi ng the supernat ant
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processi ng continued at 5C by addi ng about 150 gl of Tris-A fraction
extender to 20 about 150-1 of spermpellet to bring the spermconcentration
to appr oxj 40 x 106/ m . The sperm of i ndividual bul o390l ed
and di | u&g‘a}l%ai ately with an equa)é vol une of egg yol k-ll'lgfl}msf@ggt ender
containing 12% (v/v) glycerol ("Tris- fraction"). The Tris-B fraction was
added to the sperm suspension as 2 equal volunmes at 15-mnute intervals to
adj ust the final spermconcentration to 20 x 106/ m . The 25 final glycerol
concentration of the conplete egg yol k-Tris extender containing the sperm
was 6% (v/v). d) EquilkbleBatMalifieiDAEP Beffemg. Ext ended sperm were then
packaged into O0.25- | yvi nyl chl oride straws .to be frozen by routine
procedures on racks i L gH i 2 2¥%her—Two straws from each
of 4 bulls were frozéaGafter 3, 6 and 18 ¥.WwhM otal 30 equilibration tine
at 8C. 3. Eval uationggfy Post-Thaw MtilitysRiraws were thawed in a 37C
water bath for 30 sec. Blind estimtes of progressive notility were nade
after incubating sanpl2E®C4t W0 01/ 37655 PEIM™YE00/ 30155 23 37C for 0, 1 and
2 h post-thawi ng. EachH@Ost wo observers esigs® ed progressive sperm
notility from each oﬁ‘[[t&o hr(gws of serrerh4%'|§fse four blind estimtes for
each experimental un® %ég g€sent subsanplTng. 4. Statistical Analysis.
Statistically, the siNadgmpiates wer e anal yZ&@md a subplot 5 to the main

pl gg | east - squares ANGMAS. t0 anal yze effe.‘}?ﬁ%ﬁm&’f any observer and observer x
treatnment interaction, Nrefers to the nunber_ of experinmental units, not
subsanpl es; standar dNadaqt@es were cal cul a%Hm¥h t he basis of neans of the 4
subsanpl es from erromgEpEgh squares of AMO\AsMANd t he nunbers of
experinmental units; least-squarges .ngans sented. 10 Treatnment effects
were eval uated via séﬁ&nﬁf%ﬂﬂ\?&ﬂgmf or e cﬁmgi ubation time. The nodel

i ncluded bulls as a GengonycmfSubgte and equidddgmalt i on ti ne and observer as
fixed effects; the s : j SEV termand rel ated

i ntygractions. 5. Resu%isaw%rﬁqe&g?tg%n%g@lgoét&gﬁoggflgl[ol’gﬁ‘é}i nmes were superior
to 18-h (Table 4), Ba&BIOUI, faetiopef;cantrsigerlife $rienseessi vel y nmotile sperm
for 0 and 1 h (P<0.01)Clenglandg®H2URAOf 15 post-thaw i ncubation. Effects of
bull were evident at 1 and 2 h incubation tines (P<0.05),

Table 4. Effect of pre-freeze equilibration time
on post-thaw progressive motility (%)

20 Equilibration = Post-thaw incubation at 37°C
at 5°C Oh lh 2h
3h 41 36> 16
6h 41° 37° 18
25 18h 35° 3P 12
S.ESf 1.5 0.8 2.0

% Within columns, means without common
superscripts differ (P<0.05), Tukey’s HSD.

¢ Pooled standard errors,
verror mean square of ANOVA /N
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but not at O h. There was no significant (P>0.1) bull by equilibration tine
I nteraction nor was there a significant observer effect for any response.
20 25 3 7655 PCTI USOO 30155 24 Table 3. Nbdlflegc}',ﬁgﬁo/ﬁqgg‘ er

| ngr edi enth(yO\?)?n%ééhstSratlon NaCl 95.0 m\/%ss KO 3.0 MM NaHPO4 0 NaH
10.0 nm MCl2. 6H20 0.4 mM Na Pyruva e20n1\/|10Gucose50n1VINa

| actate 25.0 ESa 40.0 nM Bovi ne serum al bumnb 3.0 ng/ m
Gent anyci n Sul ateg@—%gﬂ% e tgsulisndionted g0 ditferensesin Past-thyyy speap matiligy s, MO,
USA 15 bpdiRAQ19a 6 H 6fastl @fili¥ratibBiehasid, bitehess WaE Sgnifitdre¥&iagsh OH USA
Table 4. Effect of fpre freeze equilibration time 20 on post-thaw

9

pr ogr essi PERBEHyHYlQwne 1ERof F‘l“E)lFt&%t}oar@t Bosheforp fgeainge B8 ST Bro-AranggC at 5C Ch
1 h 2h %&nﬂ@ﬁoo@@é 2RodRcutfi 3&?50%71% bhfhes for freezing sperm without decreasing post-

5 thaw motility.

As the bull by equilibration-time interaction was not significant, 3 to 6 h equilibration
was adequate, with the caveat that only 4 bulls were used. The optimum equilibration time

for a minority of bulls is expected to be >6 h.

10 Example 3

Effects Of Stain Concentration And Laser Power on Sorted Sperm
Objective: to evaluate the effects of Hoechst 33342 dye concentration in combination with

laser intensity on flow-sorted sperm.

15 1. Collection of Source Sample. Sperm of 6 bulls were collected and prepared as

described in Example 1A.
2. Methods.

a) Experimental Design. One ejaculate (2 bulls) and 2 ejaculates on

20 different days (4 bulls) were used in a 2 by 2 design plus control.

b) Staining and Sorting. Staining, preparation for sorting and sorting

sperm were achieved as described in Example 2 except that the Hoechst 33342 dye
was added to sperm suspensions at a final concentration of 149 TM or 224 TM; and
sperm were bulked-sorted with the laser operating at 100 mW or 150 mW of incident
25 power. Bulk-sorted sperm were collected into 50-ml plastic tubes as described in
Example 2. Four tubes containing approximately 15 x 10° total sperm/tube were
collected over 1 h for each bull. The sorted sperm were incubated for 1 h at 22°C to

simulate a longer sorting time.

c) Preparation for Freezing. Following incubation, the sperm were

30 cooled as in Example 2. The sperm were then concentrated by centrifugation at 5°C

at 850 x g for 20 minutes. After removing the supernatant, 150 ul of Tris-A fraction
extender was added to each 150-pl sperm pellet at 5°C. All of the sperm pellets were

suspended by gentle repéated aspiration and the sperm of individual bulls were



25 18 h 35b 31b 12 S.E " 1.5 0.8 2.0 a,b Wthin colums, means w t hout
conmon superscri pts differ (P<0.05), Tukey's HSD. 'Pooled standard errors,
error 91%3 & of ANOVA 30 WD 01/37655 PCTI USOQ 30155 gé Risod154 usi on.
The results I ndicated no differences in post-thaw sperm noti Flty bet ween 3
and 6 h of total equilibration tine at?%5C, but there was a si gni ficant
decline in spermnotility following 18 h of equilibration at 5C before
freezing. Thepgoled ol Briragiipgextopdsr iyas gddedstepvipe s despalsdir Evanpie - dorting
bat ches for f I w&%x | y As the
bul I by equi | %E‘?ﬁaﬂg%%tgﬁﬁseﬁ&n*g%gﬁ%gﬁ g‘gg‘l’vﬁ%‘?w&frﬁé? %Q?t > nj‘l i

equi | i brati on Trisesterdte cundiang 6ot diycerod andemind to ﬁ%lwmftﬁl the hulbuibﬁcsi &peme used.
The optimum equil.i bration t| me for a mnority of bulls is expected to be
>6 h. 10 Exanp élffuﬁfpfré)c?fs O Stain Concentration And Laser Power on Sorted
Sper ;n Qoj ecti ve: eva ffects C ncentration
I n conbi nati on vmt Iﬁa%m%%ecgﬁ?%?%?é%gﬁgv é) Col I ection
of Source Sanphekageédnatord.25tmbpdiyMihydchieide saaws ssodesdibadth Faepde 2d as

described in Exa erl rre taI Desi gn. One ejacul ate
(2 bulls) and®* rﬁt‘?ﬂl“ﬁ g%%% Ibqo'?’?’é#%%ﬁ‘ Bul Is) were used in a 2 by
2 design plus control. 20 b) Staining and SOI’tI ng. St al ni ng, preparatlon
for sorting and sorting. spermwere achl eved as d sc anpl e

d in
except that tHe Ho i Lapaw RIS 6™ %‘?’ §§@H§E‘io<?§s at a
find CONeSMbe@in BAnple 2149 TM or 224 TM and

4. Statistical Analysis. A general description of statistical analyses is provided in

Example 2. Specifically, treatment effects were evaluated via ANOVA. The model included
dye concentration, laser intensity and bulls in the main plot, and observer and related
interactions in the subplot. Bulls were considered a random effect and the other factors as

fixed.

15

5. Results. Bull effects were significant for percentages of progressively motile
sperm immediately after thawing (P<0.1) and after 1 h and 2 h of incubation at 37°C
(P<0.05). There was no effect of dye concentration or bull by dye concentration on sperm

20 motility at any incubation time. With bulls considered as a random effect, 150 mW of laser
power resulted in lower post-thaw motility of sperm than 100 mW at 0 h of incubation
(P<0.1), but not at other incubation times (Table 5). If bulls are considered as fixed effects,
150 mW of power resulted in lower sperm motility than 100 mW (P<0.05) at all 3 incubation
times. There was an effect of bull by laser power (P<0.05) on sperm motility at 1 h, but not

25 at 0-h or 2-h incubation times. Also, the higher laser power resulted in lower sperm motility
than the control (P<0.05) at 0- and 1-h incubation times (Table 5). There was a significant
observer effect at 1-h, but not at 0=h or 2-h, incubation times. There was no observer by

treatment interaction (P>0.1).

30



sperm were bul ked-sorted with the | aser operating at 100 miWor 150 mW of

i nci dent 25 power. Bul k-sorted spermwere collected into 50-mL plastic
tubes as described in Exanple 2. Four tubes containing approxi mately 15 X
106 total YPEVAUbe were collected over 1 h for each bul IP.CTW"@Q)‘IS%(ed
spermwere incubated for 1 h at 22C t87 sinulate a longer sorting tinme. c)
Preparation for Freezing. Follow ng incubation, the spermwere 30 cool ed as
in Exanple 2. The sperm were then concentrated by centrifugation at 5C at
850 x g for 20 m nutes. After renoving the supernatant, 150 | of Tris-A
fraction exte%gg add t o each l(go-l spermpellet at 5C. Al of the
sperm pel l ets > télﬁ TiRIeRshy epd dyesopcanEaicR R Rosk e and t he sperm
of individual bulls WREREPIQ1/ 37655 PCT/1US00/30155 26 poaled  Tris
B-fraction extender was added stepw se as gggghibRe7@ Exanple 2. A
non-%t ai ned, non-s%tn%gfgtonrlletarol f or —_eaciy bult—wa hprepare' at—20 x 106
sperminm in -S—extende Sht-a-ri-rg—6%-ghyce apd—cocted-to 5C while
t he bul k-sorted sper mCowgele being préfared. 5 d
Freezing. The contp@d caRehts@bsed spermwere packaged into 0.25-nl

pol yvi nyl chl ori de straws as described in Exanple 2, equilibrated at 5C for
3 h"and then frozen céM&Mtionally. 3! Evaluati 8R of Pos80Thaw Motility.
Straws were thawed anghgyml uated as 430 describgg in Exagple 2. 4.
Statistical Analysis. A general description of statistical analyses is
protf ded in Exarrpléﬁﬁr.—-n—%gﬁéifi cally, treatnent effects were evaluated via
ANOVA. The nodel incl uadw dye concengration, |gser integsity and bulls in
the main plot, and obissgrv and related 15 interactions in the subplot.

Bul | s were consi der ed!¥ ®¥ndom ef f ect8and the ofher factédfs as fixed. 5.
Results. Bull efffcts were significant2 for percentages of 3progressively
notile spermi, atel%ga;ter th%vm ng. P<0. I) and aiter L h and 2 h of.

i ncubation at 3PEMLBLINER pifect(Rlel)pad difreirom contigf BfPd5¢oncent rati on or

bul45 by dye coffférs &binuongol (Bo®esN 20 notility at any incubation time. Wth

bul TS consi der eq, g5 18,1 ANAO, el ect o0 i ot ps opr—

6. Conclusion. Percentages of progressively motile sperm post-thaw were
diminished by the staining and sorting process. Higher laser intensity was more damaging
20 than the lower laser intensity. There was no effect of dye concentration on post-thaw sperm
motility. Thus, excitation of the sperm-bound Hoechst 33342 dye at lower laser intensities is
less damaging and that staining sperm at the higher dye concentration had no detrimental
effect on post-thaw motility. The damage observed was presumably to the sperm-motility

apparatus.
25

Example 4
Evaluation of Pre-Sort Staining Procedures and
Selection of Extenders for the Cryopreservation Of Sperm
Objective: (1) to evaluate three pre-sort treatments for sperm; and, (2) and to evaluate sheath

30 fluid and extender combinations for the cryopreservation of flow-sorted sperm.



power resulted in | ower post-thaw notility of spermthan 100 mWat O h of

i ncubation (P<O 1), but not at other incubation tinmes (Table 5). If bulls
are considered as fixed effects, 150 nWof power resulted in | ower sperm
motility tHAAVA88 mw (P<0.05) at all 3 incubation tines. TSN
effect of bull by laser power (P<O0.05)2®n spermnotility at 1 h, but not 25
at 0-h or 2-h incubation tinmes. Also, the higher |aser power resulted in

| ower spermnotility than the control (P<0.05) at O0- and 1-h incubation

times (TabherfbwingBeshnthtnss Shaaldiifablngghoer ver effect at 1-h, but not

at O=h or 2-h, incubation tinmes. There was no observer by treatnent
interaction (B>0. 1)go39; %‘p‘%ﬁ ts of

| aser intensit andc dyée}wzzé\bgrﬁgéénr?{g‘??pé%%ﬂﬁugost-t angegn%ﬁ ﬁ%lpéf(g%}srggafr&c

| ncubat i ofs descrdpdingExgEIple Mifect means O h 1 h 2h  Control 49 44 33 Dye
Concentration 149 M41 39 30 224 uM 42 39 30 10 Laser Intensity 100 nW 46
42 33 150 mMNBB8a Mgthgsly. S E.c 2.2 1.2 1.3 a Significant main effect
(P<0.1) and differs fromcontrol (P<0.05). 15 b Differs from control
(P<0.05). Pool ed standaEspesinestad Degignr AFeps-sotf irsataents NG/ Extendgry) by 2

Concl usi on. Percen i I -

di mi ni shed by the ts(té’giﬁﬁiﬂ%dsgﬁ’g‘g@?):‘;@ %'r’%g‘}ég ?“?‘ﬂ"‘é%%ﬂ’gf‘%?gﬁ‘ﬁ?ﬁfﬁ%?t y was
nore damagi ng 20 thégierntire thehest progedure forhollrpermyprict e seting sndito evtiliiatet  of
dye concentration %g‘gﬁi%‘dég% (ﬁ"r‘_g& tg%ééo%éd%@%; excitation of the

speri® bound Hoechst ye at” l'ower T"aser 1Tntensities is

b) Sample Preparation and Staining. Freshly collected sperm from each

of 4 bulls were treated as follows:

(1) diluted to 400 x 10® /ml in modified TALP (see Example 2, Table

3) and stained for 1 h at 34°C before bulk-sorting (“Dilute — 0 h”);
15

(2) incubated neat at 22°C for 3 h before dilution, staining and sorting
(“Neat — 3 h™); or,

(3) diluted and stained as “Dilute-0 h” and then incubated at 22°C for 3

h before bulk-sorting (“Diluted — 3 h”).
20
c) Extenders. The following freezing extenders were compared: EYC

(see Example 1) containing 7% glycerol, egg yolk-Tris (see Example 2)

containing 6% glycerol, and egg yolk-TES-Tris (TEST) containing 5%

glycerol. EYC “A Fraction” refers to the EYC extender containing no

25 glycerol, and EYC “B Fraction” refers to EYC extender containing twice the
final, desired glycerol concentration (i.e., 14%). Thus, when EYC A and B
fractions are combined in equal volume, the final EYC extender contains 7%
glycerol. Tris A and B fractions are similarly named, and described in

Example 2. TEST extender is prepared as a complete extender containing 5%

30 glycerol; hence, there were no “A” and “B” fractions for TEST.

d) Sheath Fluid. Sheath fluid was either 98.6 mM sodium citrate
dihydrate (#S279-3, Fisher Scientific, Fair Lawn, NJ) or Tris as described in



| ess damagi ng and that staining spermat the higher dye concentration had
no detrinmental effect on post-thaw notility. The damage observed was
pr esunabl spermnotility apparatus. 25 Exanple 4 Rvpligidopd of
Pr e- Sor t ?ﬁa@ﬁ%ﬁ% Procedures and Sel ﬁtlon of Extenders for Eﬁﬁ
Cryopreservation O Sperm ij ective: ? ) to evaluate three pre-sort
treatnments for sperm and, %y@ and to eval uate sheath _30 fluid and

P

ext ender conbi nat iEBREPlA 1?% 3R sheatic fuid egradiystad to RHSY: oamolal¥r m - wo

01/ 37655 PCT/ USOO 33 hBut 226 tol780 rﬁ@érﬁ/ﬁg"' Tﬂs QPR TIuERLs WWBPtd RRbdtGRrRd 1N i ts
entirety: 1. Collection of Source Sanple. Spermfrom4 bulls were collected

and prepared as db¥orarolelr prened integ yolk-Tris and THSHHergsing aytemdeprer i nent al
Design. A 3 (pre- %?k&thftﬁgé ?Eﬂ%@%b?’mﬁt §o%ﬁ$u?£&@§{e§m?1&%’fé§vas(1§9£&‘>tc'all% Lui ds) by

4 (bulls) by 2 (observer orial experinent wa ghed eterm ne
t he hest procedur epemn lodater beratemdgskin &Y G eegimgtekisgderand to eval uate 10
three extenders for cryopreservi ng the sorted sperm . b) Sanple

Preparati on and Stai ni bull's
were treated as follo S H ut eagél{'%%gg %@%?m&@{?oﬁ?&fﬁ% oﬂ)fep *TALP (see
Exanpl e 2, Table s8it tlaamhest, ahaa'éldluﬁcbandjlcxtbndctr vod€ bildkfsontel dsdkdcribad i n

np g
("Dilute - 0 h"); eat . at, 22C fo dil ution,
stai ning and sort |Elxam&’€ n}gul% e‘&”?mcbqﬁm lfie)rp‘ﬁl‘?’?rurl:gﬁeaa?ﬁaorgtsg‘?mw %
" Di qut e-0 h" and tdoHertédwiebagpaskimitelyAG. fAOfker Sortifig, ik Qirld3weke ﬁl&IHateﬂgt
uted - 3 h )'2228for2htosimu1atea3hsort.

) Preparation for Freezing. Following incubation, the sperm were

cooled as described in Example 2. After cooling, the samples were
centrifuged at 5°C at 850 x g for 20 min. Each sample comprised about 28 ml

15 total volume and was contained in a 50-ml plastic tube

After the supernatant was removed, the sperm were returned to a 5°C cold

room for extension. Samples were extended to 40 x 10%/ml by depositing 131

ul of the sperm suspension into 69 pl of A-fraction EYC, A-fraction egg yolk-
20 Tris, or TEST extender. Immediately, suspensions were adjusted to 20 x 108
sperm/ml with the addition of the matched glycerol containing extender (i.e.,
B-fraction EYC, B-fraction Tris) or TEST. B-fraction extenders were added
to their respective samples stepwise (2X) at 15-min intervals as described in
Example 2. The TEST was added to sperm stepwise in the same manner as B-

25 fraction EYC and Tris extenders.

g) Equilibration and Freezing. Sperm were packaged into 0.25-ml

polyvinylchloride straws, equilibrated for 3 h at 5°C and then frozen in static
liquid nitrogen vapor.

30
3. Evaluation of Post-Thaw Motility. Thawing and post-thaw evaluations of

sperm were done as described for Example 2.



c) Extenders. The follow ng freezing extenders were conpared: EYC (see
Exanpl e 1) containing 7%glycerol, egg yolk-Tris (see Exanple 2)
cont ai ni n %/Lg’k)écerol and egg on k- TES-Tris (TEST) containin

gl ycerol . Fraction” refers to the EYC extender cont &G °/ﬁ%‘5§5

gl ycerol, and EYC "B Fraction" refers t30 EYC extender containing tw ce the
final, desired glycerol concentration (i.e., 149% . Thus, when EYC A and B
fractions are éonblStenktzicw_/ggm A0dereral dds&ﬁatibhﬂﬁétatﬁﬁ&l@%élﬁéﬁlﬁr r6AfdddhnNs 7%
gl ycerol . Tr| g@ﬁl re sim I naned, and descrl bed in
Exanpl e 2F P%CH YitE b‘?eé’% WP HEe gV WV&%P%@@H@&CS@BW&M ng 5%
30 gl ycer aébr, eaélemethatvhﬁkfuﬁat%rtﬁnd’l OT'heAnai@ Pt mBluddd }ﬁf@—rsbr@ﬂe?auﬁu@ﬁt ddenblersd) Sheath
Fl uid. Shea F]; S elther 98.6 nMsodiumcitrate dihydrate (#S279-3,
Fi sher SC|a8 s 9 cpnfiyted qfppsegyersandassesiated duteragtions. BuDWEY 37655

PCT/ US00/ 3@455&red?a9ra@meet énd Bgblhet 1O, Bloc® NRLHE LidlinllRf Ragdl usted to
shea

pH 6.8; osnplality was about 270 to kg. Tris fluid was
used to c&fAlisated %%“r ﬂUka&HSWéF%WaaF@ﬂt@mmmanﬁ egg yol k-Tris and TEST
freezing extenders. Sheath fluid containing 98.6 nM sodiumcitrate

di hydrate was used to collect 5 spermto |ater be extended in EYC freezing
extender. e) S8rti nResultsyFlosixtham pedgyessige ol Oﬁbldk-l’S’DIftGEdrSmeWaS)ﬁffﬂoteﬂatl on of

pre- sort & t e
descri bed (15 (ﬁ@st%x%g @hfm&g Bﬁdsﬁlﬁ}l% Ll{‘1143?81" ﬁ%j i lﬁ%uﬁ’ o rﬁvﬁm%%ne ;ty%%?& prﬁ%‘?adsué fach
sortl0s pelahﬂ hef ecmliatlmo('ﬂabbt@d”[hmeweap;ordmﬂfnmbeﬂqe td sheathAhiids (PS0.05). g, 0-t he
sarrpl es i for I 3 h sort
Pr epar at Y@ e ﬁﬁ%ﬁ%@%ﬁﬁg usT:O iRl 8g it 5??5‘#33%“8 BeHlR ‘Wﬁ%aé‘)ﬂool ed as
descri bed flleclzufg(aldnhmﬂg théd the otheoD ptengrt stdiing aegahass RODS; TN 6). f uged at 5C
at 850 x g, for Each sanpl e ca sed .gbout_28 m_ 15 total | urre
and was cglr?'?’V 5?/%9%6 S%rt 8f°8%’-%FFn? “ﬁfné;%cﬁisgn%%ﬁ Sgnificant gffer E%&%F&?ﬁat‘%gp
removed, 'sﬂrmm&f{me]r on e with bﬂlwoﬁﬁdler‘éd)asaa rahd0bfkct. RRBHANAK, £theBSi ON. Sanpl es
wer e 5extende 10,40 x 106/ m . b}/ ositing 131

incubation times, there were sign: ﬁcan pre-sort treatment by bull interactions (P<0.05).

Furthermore, pre-sort treatment would have been a significant effect at all post-thaw

incubation times had bulls been considered as fixed effects.

Immediately after thawing (0 h), TEST was the best extender, but after 1 or 2
20 h of incubation of 37°C, Tris was the best extender. Importantly, there was no pre-sort
treatment by extender interaction for any response. There were observer effects (P<0.01) at

all incubation times, but no observer by treatment interactions. There was a bull by extender

interaction (P<0.05) at all 3 incubation times.

25

30



Al of the sperm suspension into 69 Al of A-fraction EYC, A-fraction egg
yol k 20 Tris, or TEST extender. |mredi ately, suspensions were adjusted to
20 x 106 sgerrﬂm with the addition of the matched gl ycerol containing
ext ender (WOAQ1B3765B_fraction EYC, B-fraction Tris) or TEST. REYSOBIsH
extenders were added to their respect3ilve sanpl es stepwi se (2X) at 15-mn
intervals as described in Exanple 2. The TEST was added to sperm stepw se
in the sane manner as B 25 fraction EYC and Tris extenders. Q)

Equi l i brati on and Freezing. Sperm were packaged into 0.25-m

pol yvinyl chloride straws, equilibrated for 3 h at 5C and then frozen in
static liquid nitrogen vapor. 30 3. Evaluation of Post-Thaw Mtility.
Thawi ng and postlaPkfiv Meiareifagts ofgesert regsmenhand freezingrxtenderdescr i bed f or
Exanpl e 2. WO 01/3765%0HaWRmgressigmotidy (%) Statistical Analysis. A
genebal description of statistical anal H&EDatich A5H¢ ded in  Exanple 2.
Specifically, treatnment effec TETEevartat et via_separate—anal yses of
vari ance for each Pk =Y Nt e 9t i ncl uded
pre-sort treat mddtute eRQhenders, aMdednul | s; t388 sub@2ot congisted of
observers and a iqted interacti . Bulls re consi dered a random
effect, and theqﬁe?ﬁe?%f actors, fi )%g%% The enﬁmrae e>5<3’8eri e was replicated
twi ce. Tukey's HBIbteedh was used tMeapepar at e38teans.315. Red@l ts. Post-thaw
progressive notiyiit,y of bul k-sort per m wagaf f ecfged (Rs0. 05) by

ext g@der and bull\lmsatnat each post-tﬁ%%véi ncubat;356 nti ?rjg and bl?/ pre-sort
procedure 10 atM@nh of incubati onTisTabl e 6)40 Ther 8Mere 29° di fferences due
to sheath fluidey{B>0.05). At O hrpagt-thaw jaacubatjson, usge of the neat-3h
treatnment resulted,in nore notile spermafter freezing and thaw ng than

t he other 2 prp-SiErrf staining treatments (P<®805; Table 6¥.7 However,

pre- sort._procedubegichAuPLolshal kiRl K8k Wikb Bk e Post - t haw

i ncubation of  spegmEQipiddifitr @<h.0%).th bulls considered as a random effect.
I mpestantly, at ;these 2715 incubation tinmes, there were significant

pre-sort treat mefioolsy spdard pere vETIOT EET (gRay GBNOVAy/Nher nore, pre-sort
treatnment woul d have been a significant effect at all post-thaw

6. Conclusion. This study showed that holding sperm neat for 3 h before

dilution, staining and sorting was better than immediate dilution and staining 0 h or 3 h later.

20 . . .

, Thus, by 3 hinto the sort, it is best to continue with a new aliquot of the original ejaculate
that was held neat 3 h and then stained, rather than continuing with the original sample of
sperm stained and held at 400 x 10° sperm/ml.

Even though TEST extender provided higher post-thaw motility at 0 h, Tris was the
25 superior extender when sperm were stressed by incubation at 37°C. Either sheath fluid

worked equally well for each extender. Based on these results, we have incorporated the use

of Tris sheath fluid in combination with Tris freezing extender into our standard operating

procedure.

30



I ncubation tinmes had bulls been considered as fixed effects. Imrediately
after thawing (0 h), TEST was the best extender, but after 1 or 2 20 h of

[ ncubatlogv J 3} Tris was the best extender. Irrportantly FoY@s no
e‘é?’tg?gn ?1

pre-sort t by extender interaction for any response ere were
observer effects (P<0.01) at all i ncdBation tines, but no observer by
treatnent interactions. There was a bull by extender I nteraction (P<0.05)
at all 3 incubation times. 25 30 WD 01/37655 PCT/ US00/ 30155 31 Tabl e 6.
Mai n effects of pre-sort treatment BEPI&Yezi ng extenders on post-thaw

progressive notility (O/c)E cth @gﬂ,@t@ﬁdepﬂd&hvé%gsﬁ’h@d% procedure Extender O
h1h2h Dlute - 3 an 43b 36 25 Dilute -

3 h Mean 3¥iectiye:19 exeiuméw eéfvevée@dnm@dmdoméﬁulﬁw 6 SBSD) tadhy HygingMean
TEST 44 33 20a S.E.d 0.8 0..8cf3ef on Aot:sbrt ? ‘1(\4-@1?, BSpW thin colums, within main
effefts, w thout comon superscripts dif P<0.05). 15 d Pool ed standard
errors error nean square o VA JN 6. Conclusion. This study showed that

hol di ng sper MeRgRid QY Efed o)@e&%ﬁtmmlo}twmmwﬂﬂ&a@nd sorting was
better than imediate dilution and staining O h or 3h|ater 20 Thus, by

3 hinto the sort, |,sb t tqg continue wth _a new uot. of t
original ejactiat e@@’—%@ﬁ@ﬁé—ﬁ@é Sperp ‘gr?c}’“ﬂlﬁ@(ﬁres"f’ ‘gjoa“drpé‘ipﬁffp % han

cont i nui RGsAbEdintExemBlei1i nal sanpl e of sperm stained and held at 400 x 106
spermm . Even though TEST extender provided higher post-thaw notility at O
h, 1Pis was the

Methods. Sperm from each of 6 bulls were extended to 20 x 10%ml in 20%
whole egg Tris (“WET”) extender containing 0, 0.03, 0.06, 0.09, or 0.12 percent SDS,
packaged into straws and frozen. WET extender was prepared using 3.028 g of
Tris[hydroxymethyl] aminomethane, 1.78 g of citric acid monohydrate, and 1.25 g of fructose
15 per 100 ml of double distilled water, to which 20% whole egg (vol/vol) was added. The
WET extender was prepared at a pH of about 7.0 and contained a final glycerol concentration

of about 6% (vol/vol). The WET extender also contained 1000 IU of penicillin “G” sodium
and 100 Tg of streptomycin sulfate/ml.

20 3. Results. The respective means (n = 1 sample from each of 6 bulls) were 51,

51, 50, 51, and 48% progressive motile sperm approximately 10 minutes post-thaw. Based

on these results, 0.06 percent SDS was used in Example 5B.

B. Evaluation of the Effects of 0.06 Percent SDS in Various Freezing Extenders on

Post-Thaw Motility of Flow-Sorted Sperm
25
L. Collection of Source Sample. Sperm of 8 bulls were collected and prepared as

described in Example 1A.

2. Methods. Post-thaw motility was studied for sperm frozen in egg yolk-Tris
(see Example 2) and WET extenders (see Example 5A) with and without 0.06% SDS. Final

30 glycerol content for both extenders was 6%.

a) Staining, Preparation for Sort, Sorting. Stained sperm samples were

prepared from an ejaculate from each of 8 bulls as described in Example 2. Stained



25 superior extender when spermwere stressed by incubation at 37C. Either
sheath fluid worked equally well for each extender. Based on these
results, b¥4gss ncorporated the use of Tris sheath fluigddl knation
wWith Tri sw‘f%r ee2|5nslg extender into our standard operating p?lgl(l:q;eiJ ﬁ(?ieﬁ?sgo WO
01/ 37655 PCT/ US00/ 30155 32 Exanple 5 ¥ffects OF Extender Additives on
Sorted Sperm Objective: to evaluate the effect of addi ng sodi um dodecyl

sul fat e (" SDS‘spermgver bulkedegorted ysing Tax shepitidluidas descoied irExathpleesXeeDtA.

Eval uati on of %}ﬂ-&,@ At | i i r.
Col | ection of t%ggfrgggn%faa?rp é. %B%%%;hgf%ﬁ?&gén\?\gr%%ggfw%é’%%%&g@ vg#epar ed
as descri bed colleciedanpbe-nil alasti@tube coutidimiog ml S Arfmaction freezag bufifer Hr bachl s wer e

extended to 2Q 0] isn_.20% al e ris (" ") extender, cqntai ni ng
0, 0.03, O. 06,""%‘.‘?%"@?{5{;1’? 1%2‘1‘% Sﬁg?aé%ﬁ{m R ¥?§§8?355"€V\§“‘? PEreOlsSied 8 1 rozen.
VET éxt ender umabsieefal et F0Ng sitnlR8logg&fsortihpi S[ hydr oxymet hyl ]

am nonet hane, 1.78 g of citric acid nonohydrate, and 1.25 g of fructose 15
per 100 m of double distilled water, to which 20% whol e egg (vol/vol) was

added. The VET exbpndepropii%ibh P #r&8ing! DiuRbsimaRedthed cL1RNE 5208 ned a
final glycerol caoncentration _of about 6% %vol /vol). The WET extender also

cont ai ned 10080 RiBHeH M tqupl Yolrmet apprgpiise Bofiretionextamgenyasaddedstentyied n
sulfate/m . 2@2;:?-;1‘: ResttldSintel A th 85ROV iR AR cbhtaimink sSAHNpEm).F Om each of
6 bulls) were 51, 51, 50, 51, and 48% progressive notile sperm

apprt8xi mat el y Aliquets afid Ewl/pdender tammenBastatonemtratod by condrifuation for 206 per cent
SDS was used i, EXaREke ; i of cent
SDS in Vari oulgﬂ 1Il:r eezi %gx%x%%g%géggﬁ%&n&hﬁ%ei ﬁ?g\?v‘iﬁﬁ%%?%@s %&Ogﬁe%@gted
Sperm 25 1. Cel6Dedt sperm péllegovirncewSanpdeadedJpyagenticofor@xing fdrsl Swecomrde ANd ect ed

and prepar ed %gditional extender was added to the sperm pellet since the suspension containing the

pellet already contained glycerol. The concentration of the sperm suspension was
15 approximately 20 x 10%ml. A non-stained, non-sorted control for each bull was
prepared at 20 x 10° sperm/ml in egg-yolk-Tris extender containing 6% glycerol. The

control was placed in a 5°C cold room while bulk-sorting occurred.

) Equilibration and Freezing. All control and bulk-sorted sperm were

20 packaged and frozen at the same time. Sperm were packaged into 0.25-ml

polyvinylchloride straws, equilibrated for about 3 h to about 6 h at 5°C and then

frozen in static liquid nitrogen vapor.

3. Evaluation of Post-Thaw Motility. Thawing and post-thaw evaluations of
sperm were done as described for Example 2 with the exception that progressive motility was

25 evaluated 0.5 and 2.0 h after incubation.

4. Statistical Analysis. A general description of statistical analyses is provided in

Example 2. Specifically, treatment effects were evaluated via separate analyses of variance
for each incubation time; the model included bull and extender in the main plot and observer
30 and related interactions in the subplot. Differences in means were determined by the least

significant difference test.



described in Exanple 1 A 2. Methods. Post-thaw notility was studied for
sperm frozen in egg yolk-Tris (see Exanple 2) and VET extenders (see

Exanpl e 54y and wi thout 0.06% SDS. Final 30 glycerol p r both
extenders was %@; a) Staining, Pr epar%{i on for Sort, Sorti ngwéf%g’?‘ﬁgﬁ sperm
sanpl es were prepared from an ej aculate fromeach of 8 bulls as descri bed
in Exanple 2._Stai V\g 01/ 37 CT/ USOO 30155 33, sperm wer e

bul ked- sort e usi r‘%—'gﬂé X@H@éf’ ‘ft? ﬁpéoé)é)ﬂ@g@?ﬁ“ﬁéﬁoqlﬁ*b’@é&ﬁﬂ gfter O3t pt

that t hes 5@bit-thasind@hakiey EdblsH NAt 8.3, W Phui 566 ?&ﬂl&edhﬁwerm&y thaer t ed
spermwere collected in a 50-ml pl astic tube containing 2 of A-fraction

freezi ngTBuViR SDEoAL d el “@%P@ﬁ%‘h bylk-sertadypempivate vewse @9@?%\3‘{@9 nm) for
each t re@én%ﬂ§peﬂ§ r'?he?@%bx%%{gﬁg‘ic%q)uﬁ ah@gyg%?gffgc%‘r(? bls)aatt bgﬂ?l%&lga% ol ate
I on er sorting. %ar at1on tor Freezing perm were then cool ed
C ovimes, bqul?ﬁﬂréeg mﬁatexsutamtemnm of appropriate B-fraction extender
vvas added stepwise (2x) at 15-mnute intervals to each 50-m plastic tube
containing sorted sperm 10 Aliquots of 25 m/extender treatnent were
concentrated by centri f Fgelei7onEffest oPéxtendenaen mst-thew850 x g in a refrigerated
centrifuge. The supernat ant wagogressimeanbtilign(®ong a 600 Ti sperm pel | et

whi ch was suspended by gentl e vort exi fDor 1 %%conds addi ti onal
ext ender was added to the sserm pel—-l—eﬁs—t—ﬁéé‘—a?—%e—eﬁe-penm on containing the

pell et already contain 5 of the sperm

suslé)enm on was 15 appr OX‘hﬁTBioﬁlsyrt)ZO X 26/ m . A apn-stained, non-sorted
control for each bull red at, 20 x 106,spermm in egg-yolk-Tris
ext ender cont ai ni ng 6%V\g.f1 E’Z‘)rglpg The 4((,)ontrol V\Iélé placed in a 5C cold room
whi | e bul k-sorting occufi‘nedrlsms Equi | i@t ati on asm® Freezing. Al control and
bul k-sorted sperm were V?E?r éﬁ?ged any ga,g‘rozen 2l the sane tinme. Sperm were
packaged into 0.25-nl yV|n chloride straws;” equilibrated for about 3 h
to about 6 h at 5C and WfélhwlS‘DS)zen i 388t atic IBfﬂiw d nitrogen vapor. 3.

Evalsuation of Post-Thaw Nbgklity. Thawyipg and ppst-thaw eval uations of
sperm were done as des xception that

progressive notility wa®® Means within columns without common
superscripts differ (P<0.05).

°yerror mean square of ANOVA /N

20
6. Conclusion. The inclusion of SDS in Tris or WET extenders did not benefit
sperm quality as determined by visual estimates of motility after thawing. Also, results using
WET and Tris extenders were similar; hence, WET appeared as efficacious as Tris for
cryopreserving sorted bovine sperm.
25

30



25 evaluated 0.5 and 2.0 h after incubation. 4. Statistical Analysis: A
general description of statistical analyses is provided in Exanple 2.

Speci fica tment effects were eval uated via separat of

vari ance %r /‘;'e”;?f i ncubation tinme; the nodel included bul IGI\’& ogléttagsnder in
the main plot and observer 30 and rel3 ed interactions in the subpl ot .
Differences in neans were determned by the |l east significant difference
test. WD 01/37655 PCT/US00/ 30155 34 5. Results. Extender affected (P<0.05)
progressive motility of sperm aftelE—x@B@e—ér 2 h post-thaw i ncubation (Table

7). At 0.5 h, VET plosipR5 gpesslbixed v Piol/RoRs ggzg,tpteldt]y;atlpan Tris with SDS.
At 2 h, aII treat ment s vmthpbul k-sorjt eg spernm vverle vvoFse than the

non- sor t ed OblEstYer 4P exabsigrostriiaieaiuakiy ef sarige siferm dasedionlaproseraal attegiityer ef f ect s
(P<0.0 1) at both incubation 5 tinmes, but no observer by treatnent
intéractions. Table 7. Effect of extender on post-thaw progressive
motility (9% 1.1 nc&laHedtion opforrgaSamples riperm Of Bbuils veie collpctdd amd fropamedsasr t )  42a
41 a Tris @Qém 35b Tris w SDS 42a 37b WET w o SDS 40ab 35b WET
w sDs 38b 3 89 éq)@lf&‘)o 1.2 a,b Means within colums vvithout common
superscripts differ (P<O0. 05) error nmean square of ANOV. 20 6.
Concl usi on. The i 0, n_Iris or VET ext nders .di d not benefit
sper m qual i té as g%#’é"r%-m% byg)v?%ﬁ?ﬁedégrttﬁo g ﬁ(?fn 499 ?J?“gaft? ¥F™®t hawi ng.

r esaihddsprosdsseg, andFsbrtedah dEmfbeent Bl HREs thd sPeinverdtefiedfor VET

apt}gared 2 ef{ &fp,;lous

T
purity level éor?éd sperm were collected to a volume of approximately

20 ml and were cooled to 5°C for 90 minutes (0.2°C/min). After cooling, an equal volume of

egg yolk-Tris B extender (see Example 2) was added to the sorted sperm in 2 equal volumes

at 15-minute intervals. Centrifugation and aspiration of the supernatant were achieved as

L described in Example 5. After centrifugation and aspiration, egg yolk-Tris extender
containing 6% glycerol (v/v) was added to the sperm pellet to bring the concentration of
sperm to about 20 x 10® /ml. Freezing and thawing were done as described in Example 2

except that equilibration time was about 3 h,

20 3. Evaluation of Post-Thaw Motility. Visual estimates of the percentage of

progressively motile sperm at 37°C were made approximately 10 minutes after thawing. The
acrosomal integrity of sperm was assessed using differential interference-contrast microscopy
(x1000) after 2 h of incubation at 37°C. Sperm were treated with 40 mM sodium fluoride, a
wet was smear made, and 100 sperm per treatment were examined. Acrosomes were
classified as: (a) intact acrosome, (b) swollen or damaged acrosome, or (c) missing acrosome

25
(non-intact).

4. Statistical Analysis. The data analyzed were from 19 different freeze dates
balanced across 3 bulls used in field trials. Treatment effects (sort vs. control) were

evaluated via analysis of variance with bulls as a fixed effect.
30

5. Results. The percentage of progressively motile sperm post-thaw was
significantly higher (P<0.05) for non-sorted sperm (50%) than for sorted sperm (46%; Table

8), despite removal of dead sperm during sorting. However, the percentage of sperm with an
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Exanple 6 Quality of Sperm Sexed by Flow Sorting for Field Trials

Qbj ecti veyd g1/f¥ed uate post-thaw quality of sorted sperm baggd;sghz@ss osonal
integrity. 5 1. Collection of Source,fanple. Spermof 3 bulls were

coll ected and prepared as described i'n Exanple 1A. 2. Methods. Sorted and
non-sorte antrol sperm.fxromthe.sanme ejacul ate wer 10 st al ned,
processeéll",dmgr‘%C L1 & né’gndl éa’rsergnf'i%oé%flglﬂcrggﬁ%eémfe% FPERESHEE 17 wer e
sorted f atrosame bty reducad B8 Yepertideyoflsparal withSoddnegded fessomerfeRtiootd ected to
a vol une of approx] ly,.20 m and_were _cooled to 5C for 90 m nutes
(0,20 m AR PRR (BRLD Pnefho e g BHOGat R <Bie: “EgEE PUlsoRTSm iR B der
(see Exanplogontas (Pe®0Bdstectnt 6F foRSnta&atREBRAGP0.01), shdgastethaw pldaf@sive at

15-minute intervals. Centrifugation and aspiration of the supernatant were
achi eved BIPEPFROL). 'Thete Was aptull by |serting effedt & pegrthay magh%%ﬁ-&ﬁ&%&qﬁ ration,
egg yol kfJfthSotB&irepdades. EOM SIBIANIT/ MUY GRECh pbitifw WRAIGIEEREAC the sperm
pellet to bring the concentration of = spermto about 20 x 106 /m . Freezing
and t hawsﬁ@edv%gém@éfﬁé SRESM (ees Rqaheiosi far Imtla@sbredosperax wetst ! Otplqreentaga paintyr at i on
tine vas aPgbwer igmoggqﬁha@d%hgp%g&g of Post-Thaw Mdtility. Visual
estimates of” the percentage of rogressively notile spermat 37C were nade
approximately 10 m nutes after thawing. The acrosonmal integrity of sperm
was jgssessed using differential interference-contrast mcroscopy (x1000)
after 2 h of incubation at 37C. Spermwere treated with 40 mM sodi um
fluoride, a wet was snear nade, and 100 sperm per treatnent were exam ned.
Acr osomes welable8s Effeps of §orieup epspost-thywimmtiditt (Yo endsapsemal sytus (§6)-1 en or
damaged acrosone, or (c) m ssiQpg, ) (non-intact). 4. Statistical

S0 WeT e

Anal ysis. The data a —ferent—freeze dates bal anced
across 3 b i Hitaglf f ocPestithagy Moty control)

wer e Control 64° 20° 15° 50°
15 Sorted 65 14° 21b 46°

* Column means with different superscripts differ (P<0.05).

6. Conclusion. Visual estimates of progressive motility for sorted, frozen sperm

on average were slightly lower (4 percentage points; 8%) than for control sperm, although

20 this difference was larger for one bull. These evaluations were made approximately 10
minutes after thawing. The small average difference is consistent with that for non-intact
acrosomes after 2 h of incubation. Sperm with a damaged or missing acrosome are likely to
be immotile. The increased percentage of sperm with a non-intact acrosome, for sorted
samples, indicates dﬁmage associated with sorting or with cryopreservation before or after

25

actual sorting. Presumably, sorting converted damaged acrosomes to missing acrosomes.
Based on standard procedures for evaluation of sperm quality, there is no basis for assuming

that fertilizing potential of these flow-sorted sperm should be severely compromised for most
bulls.

30



eval uated via analysis of variance with bulls as a fixed effect. 30 5.
Results. The percentage of progressively notile sperm post-thaw was

si gni fi carid yi/sesrer (P<0.05) for non-sorted sperm (50% t BeRqfsessdiss t ed
sperm (46% Table 8), despite renoval of dead sperm during sorting.
However, the percentage of spermw th3@n WO 01/ 37655 PCTI USOQ 30155 36

i ntact acrosone was not different. Sorting increased the percentage of
sperm m ssing an acrosone, but al so reduced the percentage of spermwth a
damaged acrosone, relative to conti@mﬁmbrm (P<0.05). There were

si gni fi cantgdi t . S

(P<0. 05), p%e?(%%?gogl;& gon n%ggtgmg%: osomgg ﬁ% gﬁtggg?{ Eg%n’?% grsm??%t%?dzpe

progr essi ve @pjenative:| fotpyovide<Oprotbyol fhthe eryopreseavatioh bf ﬂtyW-sontddlhuQ spérirect f or
post-thaw notility S ombulls A
and 8B, differ (Ilancescél% g%ﬁcgrgdtér?\ggvﬁ‘/lﬂggfse sWenE beug&%ﬁ gfeﬁ%@%ﬂ %teu%;orted sperm
wer e nealdes_ceb@i lnfEGamblﬁlllA (Selestmacahitsrfmumlhmlnlllwzltpeﬂ&%nmagbol@gwahlys (19%

| ower in sper of .sorting on
post -t halbel et VEgE A e BiMagt O F88 5oy RO E Soen BRHEA”) Pt act
Damaged MNanhavetpasgresblos totiligwo0titare bdsyfor atihg)0lAdd4atikiOtcs 1o mwbddmen k5 Sor t ed
65a 14b 46b . a b | u'm neans th different superscripts. diff

( P<0. 05) Rlvisclettdiedal GPetmbas {0 ek BgHapicB & S8 rnseb fRiqnaf 55@r_

sort ed, Lgﬁmeﬁdsﬂ@& %ec&ma@vmamc&ﬁfaﬁoébfﬁmdoﬁ doper (4 percentage points;
8% 19 han or control sperm although 20 this dlfference was | arger for one
bul | . These eyal ua§hans MRPs. fon P IETRb tﬂéJadHlti'BHto?ﬁxe%ﬁl%anQ@W ng.
The smal| average difference 1s consistent wt non- i nt act

acr osone&hegpy spmen sgmple, allev baR§ winuteshefons sthininga S@Hh%g’@lﬁs 8¢ desPrbeddy acr osone
are |ikelgy,hQeobe inmotile. The increased percentage of spermwth a
non-intact acrosone, for sorted sanples, indicates danage associated with
sorting or wigh cryp ge%%&VfaM&mxbsﬁ@{rerggé spiabth Sertg tRGoHR g8RE fdrdBy

Pr efémabl y, sorting converted damaged OSONEeS to m ssing acrosones.
purity. Sort sperm into 50-ml Falcon tubes containing 2 ml 20% egg yolk-Tnis A-fraction

extender (see Example 2) until each tube contains a maximum of 20 ml total volume (or a
maximum of 2 h per sort) and final sorted sperm concentration is 6 x 10°/ml. Note that
additional 20% egg yolk-Tris-A fraction catch buffer must be added after the sort and prior to
cooling so that the final percentage of egg yolk is at least 3%.

2 4. Preparation for Freezing. Following the sort, cool the sorted samples to 5°C
over a period of 90 minutes. After cooling, add 20% egg yolk-Tris B-fraction extender (see
Example 2) stepwise (2X) at 15 minutes intervals. The final volume of Tris B-fraction
extender added to the sperm sample should be equal to the volume of Tris A-fraction

os extender. The total volume of sperm sample after the Tris B-fraction extender is added

should not exceed 27 ml total volume.

After the Tris B-fraction extender is added to the sperm sample, concentrate the
sample by centrifugation for 20 minutes at 850 x g. Aspirate the supernatant leaving
approximately 150 ul sperm pellet. Resuspend the sperm and pool the sperm for each individual

30 bull.



Based on standard procedures for evaluation of spermquality, there is no
basis for assumng that fertilizing potential of these flowsorted sperm
shoul d bews$yBigdsy conpromi sed for nost bulls. 30 WO 01/ 3469R1s00/30155

PCTI USCOY 151? §y Exanpl e 7 Sex- Sel ecfg on and Cryopreservat?on of Bul |
Sperm Usi ng 20% Egg Yol k-Tri s Extender Qbj ectlve to provide a protocol
for the cryoprseser yql ng fa EdRMEEQ . Lg&dvkgn and
Ej acul at e Assessnen! < 1Q rgﬁr}/(éj E%gargﬁéj!@gg ngs mlggscrl bed in
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sperm (ej & Ing%h %Fﬁaﬁwﬁ'u eﬁ}nggalsgg%f]é%de‘ﬁ&‘?‘??P 7' >60% ar e best for
sorting). Add antibiotics to raw segen asq follows: tylosin at a final
concsntration 100 g/m, gentam cin —nép—?-rnal concentration of 500 10 g/n,

and I'i nco-spec ntrati 600 St ai ni ng and
Pr epar ati on fo‘%vaé‘g??" oflf%EfF?f\K/la’go ?ﬁ"é" éodffﬁdtgr(? o?%ﬁllf H’%gza’o?‘f‘%%‘ to the raw
senmen sanple, allow 15-20 m nutes before staining. Stain sanples as
described in Exanple 2. 3. MATERIALS3ND METHGMDS h X- and Y- type sperm
setting the sorting gates for 90% 15 purity. Sort sperminto 50-m Fal con
t ubes COFEeﬁdeﬁiO&Hethoﬁhm?Bf%b&@ﬂgyol k-Tris A-fraction extender (see Exanple
2) until each tube_cont al mum of 20 ml t vol maxi num
of 3gh per sorsfﬁ‘“e’éﬁamfyf’ﬁ%ﬁ i %ﬁ%ﬁ@f?ﬁlh@ﬁ@éﬁ?ﬁ araflargy @a&‘gaﬁts‘s?%?ﬁ Not e

that addixabpnal A)2 Qfeeegdenthili gﬁehﬁc&éeﬁﬁ&{oh%th%%obhﬁtﬁﬁétem be added
after the sort and prior to c¢ooling so that the final percentage of egg

yolk is a J|ee%V§teV§%ﬂ°2@ RIOgIsSAYRsPSTH BIotilityy somje &v25 Rrpeessest #iered the sort,

cool the &euritRd iSBHRIpRS dxRept hat BQperdh N6kt Yy s@:@-t}}ﬂe B{»@c% purify g @00l i ng,
add 20% egg yol k-Tri s B-fraction extender (see 2) stepwi se (2X) at

15 i nut daser wedegtpower ofighoytilAa fo ahepyhd myv. rrv@ssalgfqné@tepzmg waxaifded added
to the spgENESAP @eﬁ%ﬁé{hﬂ e ﬁm@dnoh%e%s\é%dml @‘onynl Gniferbdl #%ieh@t 25

ext ddder. The t ot al ermsanple after the Tris B-fraction
ext ender (Seideldded. Thenogenology 199 48:1255-1264) was used for liquid semen in field trials

1,2, and 3. For frozen semen in field trials 2 and 3, the extender used was 2.9% Na citrate +

20% egg yolk with a final glycerol concentration of 7% (see Example 1). For field trials 4
through 11, sperm were frozen in a Tris-based extender composed of 200 mM Tris, 65 mM
20 citric acid, 56 mM fructose, 20% egg yolk, and a final glycerol concentration of 6% (see
Example 2). The sheath fluid used in the flow cytometer was 2.9% Na citrate (see
Example 4) for trials 1, 2, and 3, and a Tris buffer for the remaining trials (see Example 2).
Sperm were packaged in 0.25-mi French straws in columns as small as 50 ul in the
center of the straw. To minimize dilution effects, low volumes were used so there were at
25 least 107 sperm/ml. In most trials, a column of extender without sperm was aspirated into the
straw first to wet the cotton plug, followed by a small column of air, and then the sexed
sperm. When sperm were frozen, one straw from each batch was thawed in 35°C water for
30 sec for quality control, and batches with less than 25% progressive motility post thaw
were discarded. A sample of sexed sperm from each batch was sonicated and analyzed by
flow cytometry to determine the accuracy of sexing.

30
Heifer Management and Artificial Insemination

The heifers used were in 6 widely scattered production units with different

management practices. Seasonal and breed differences contributed further to the
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ext ender dflfﬁﬁ?{" S 2.9% Na citrate + 20%egg yolk with a final glycerol
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were frozen iHeifersiwers ifspsoad wsuatip darstandinp oS nmirgnd¥vdiings, bi> M 20
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accomplished without trauma, identically to nonsurgical embryo transfer. In most cases,

semen was deposited between the anterior third and mid-cornua.
Most experiments included a frozen sperm control inseminated into the uterine body
with 20 or 40 x 10° sperm/dose from the same bulls used for sperm sorted for sex-type
20 “sexed”). This control served as a composite estimate of the intrinsic, normal fertility of the
heifers under the specific field-trial conditions as well as the fertility of the bulls used and the
skills of the inseminators. Some trials also included a low-dose, unsexed control group.
Sometimes numbers of control inseminations were planned to be 1/2 or 2/3 the number used
for each treatment to obtain more information on sexed sperm. Frozen sexed and control
25 sperm were thawed for 20 to 30 sec in a 35 to 37°C water bath. Various other details are
summarized in Table 9.
Pregnancy was diagnosed by ultrasound 28 to 37 d post insemination and/or 56 to 92
d post-insemination, at which time fetal sex was determined in most trials, as described in
Curran, S., Theriogenology 1991; 36:809-814, without the operator's knowing insemination
30 treatments or controls. Sexes of calves born were nearly identical to the fetal-sex diagnosis.
Data were analyzed by single-degree-of-freedom Chi square corrected for continuity; 2-tail
tests were used unless 1-tail is specified. Fewer than 5% of the inseminations were culled

due to errors of insemination treatment, frank infection of the reproductive tract, failure to
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detected with larger numbers of inseminations.

15 Estrus synchronization methods were not compared within trials, so it was not
possible to compare pregnancy rates among these methods. Pregnancy rates appeared to be
satisfactory for all four synchronization procedures used.

Since inseminations were done once a day, heifers in estrus evenings were
inseminated approximately 24 h after estrus was detected. The pregnancy rate for these

20 heifers with sexed sperm pooled over all trials was 203/414 (49.0%), which was not
significantly different (P>0.1) from that of heifers in estrus momings and thus inseminated
half a day after estrus detection 266/586 (45.4%). This tendency for higher fertility with later
insemination is in agreement with findings from other research that it is preferable to
inseminate later than ﬁormally recommended with lower fertility bulls, when low sperm

25 numbers are used, or when conditions are otherwise suboptimal.

Pregnancy rates by treatments and, when available, fetal or calf sex are presented in
Tables 10 to 20. The objective was to obtain female offspring, except in trial 8; accuracy was
95%, 83%, 90%, 83%, 82%, and 94% in Trials 1, 3, 8, 9, 10, and 11, respectively. In the
remainder of the trials, fetal or birth sexes were not available because of timing of pregnancy

30 diagnosis, unavailability of persons skilled in sexing fetuses, and/or because calves have not
yet been born. This was not a major concern because the main objective of this research was

to determine fertility of flow-sorted sperm inseminated at low doses.
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opl | cat & seat FbT e e R gdtrery Y Blep e fBygo et Bt Usoor sorss
41 RESULRSNANEPTIpSBUSSEOPErTi tile, paric@sey fos - chremdsommsidtme O0SEgtiavye,

het er oge | constrained by |ogistical aspects of the
st udi es, ﬁesg lefnlt&kgo\}ltn#%% match bulls to genetic needs of the herds,

unavai | abl | i ti]heaﬁaxﬁén&mgs ﬂrgm eadhofieidhtriadWilDbe dudinagized inffirhe Mok ihiebal of
hei fers, unavai e..sanme 'Q e nat or s acro%s trials, severe

weat her pr'fn%nﬁ%l ?rfq' F‘re?lg% en u? W?ltetehﬁa‘aﬂ%fuﬂ‘f? ?@865“’%]@ eatls spemrpsyAllyr i al's, 2

sets of eicf3rs 50% ofittiesdvab@EEField thar (mbletl@) &Q}ﬁﬂh&gﬂﬂ@trﬁrzgd@mtﬁaﬁp% 55
days at the tﬁ of estrus,s chr | zation, etc. Up to bul'l s and 3
i nsem nal$Pee Houp msemingtgn Asmelpy &R of kmsgxed spefmwerp s1ilaR to confrals Fatp| e

popul at i Adial heft Ghthberé. TRe da?%l’l |t6 67 BiePhdnBfratd Wit R b @R GRA Wl o5 0T
techm ci an; however, insufficient data were produced to eval uate 10

bul 19t o- W&t 12 Rirgepiase peia's belawrths wnsexed liquidgsnsokyith sorma dilwed, stagtedprsidf er s wer e
f rom br eegdirifdgdigasticAlB0s RS okédsgein 2 RRcile Ry JrURIBras 95%; the sex of calves

born from sexed sperm matched the sex diagnosis of fetuses exactly; there was one mistake
in sexing fetuses of controls. There were no abortions between 2 months of gestation and
term, and all 19 calves from the sexed sperm treatment were normal and survived. For the
15 sexed semen treatment, the 2-month pregnancy rates for bulls N1, N2, and N3 were 41, 44,
and 40%, respectively; 39% (13/33) of heifers in estrus in the morning and 50% (6/12) in

estrus in the evening became pregnant.

Table 10. Results of field trial 1 -- Angus heifers in Wyoming, 1997

20 .
Treatment/site No. No. No. pregnant No. pregnant No. ?
sperm  heifers day 31 to 33 day 64 to 67 calves
Sexed, 5°C/homms ~ 3x10° 45 20 (44%) 19 (42%) 18 (95%)*
Control, 5°C/homns  3x10° 28 15 (54%) 15 (54%) 5 (53%)°
25 Frozen, 40x 10° 29 16 (55%) 15 (52%) 11 (73%)>°
control/body

% Sex ratios without common superscripts differ (P<0.02).
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| aboratory. There were no significant differences in pregnancy rates
between insemnators in any trial, but nunbers of breedings per

i nsem nat oo\yesfsss ow, and differences likely would be det gsd@gsosisbfas! ar ger
nunbers of insem nations. 15 Estrus sxgchroni zation nmet hods were not
conpared within trials, so it was not "~ possible to conpare pregnancy rates

anong t hese thods., Rr ncy .rates_appeared to b satisfactory for all
four synchr oﬁﬁlgt%%r% @?@gg@lﬁré‘gd‘%stgﬁﬁm Agacs W@@ﬁ?‘ﬁ%ﬂ‘@ﬁgx%f’r@zs&one once a
day, hei fmif ateritfiidriel Sexed, @MFOLH sPEHEIS adjIFABMIAHLEE RPRIANIIBL Q¥ Rfled) af ter

estrus wgs,det ected. The _pregnancy rate for these 20 heifers with sexed
sper m poBYEE EXPBFesevtian, {Ihere aljg &vas na differencelin nyegnanayiptenbsfaeenfsked

Si gni i Cagbih¥rosidfak §761Bks (P0PrbinahéPHites b | ' rnings and
t hus_ i nsem natoed,a hal f sa day ra terﬂ?st rﬁszrIgzél%tfe;ﬁfiteg%n%%ﬂé%f%%%ﬁﬁ%l_gg%. Thi s

t endency SFP fmyindiviqual hulls rangedyfrom 22 4e 43% pragaant{Rvd:(dnEmbryonicdegseement wi t h
fi ndi NS pétivedh LI mbREEHN eflatidiBhas vter}}str?ﬂ@z{r%res% Lﬁ%flé:gnt\rld% g?]e%ﬂr{?:?ers e later

than normal ly recommended W th | ower trlnt ow sperm 25
nunber s &RIngsla wegt avatieie Gemdidtheifers framahis triedreaisef theso bpifersl0. seRdegnancy
rates by f.reatoent.s,ang. ' | | _or calf.sex are presented in
Tabl es 18 ro %1%? @fhlé 0 jpéégﬂ%\g}gav(\glsoh@gc%%?d(aaﬁ%ﬁg?g%qag%gg@ sgﬁlthogn,‘ except in
trial 8; accuracy was 95% 83% 90% 83% 82% and 94%in Trials 1, 3, 8,

gl’ rf(ﬁ’ Saﬁ;galé‘h. Rreglﬁg%?hiel\é.&l%l}l -ld;'%stsl?regd gere?gg,alengﬁqeargigl:gfraéo? ig§§ i: ai l: s; ’ ggt g: aglr’l osis,

unavai | abi JﬂL 9{/ {ger son skill in sgxing fetuse an/ or because cal ves
have not yeet e_eesrll borni S rSnot °' gnﬁcon_(:%ﬁ‘lpe Caldse the main

obj ect i ve—o a d A e vl oW sorted sperm
i nsem na teo ose 01/37655 P 3015 JThe accuracy of
sexi ng cgﬁ Og’sag?l\é{gged ?%IWrtuasﬁl y anyﬂgyz(?%esi r?é‘ (gg%’?/\een 50 and 95+%
by adj ustiRg ORI NPy REY anetsgrs. Ho 6, higher acy results in

| owesr nunbers 019 sperm’s{orted per unityﬂﬁrré) parti cll?f(gﬁ% for Y-chronosone
sperm 98%eacec/metis | ssgubTici qgt for q@&gtsi%ge wor k.125(2a'%5: mai n findi ngs
fromeach field trial will be sunmarized In turn. Note that total sperm
nunber s _séxedgtisemrhérs t abk eoheadigngs; nuspeiss,)of progiggsiyel y notile sperm
usual |y 2 NBEignifPark BiffER&QT (X Nese values. Frefd triar 1 (Tabre 10) confirned
t hat pregnancy rates with

20 Field trial 3 (Table 12) confirmed that sexed, frozen sperm results in reasonable
pregnancy rates. The accuracy of sexing sperm was confirmed again; however, there were 4
errors in sexing fetuses relative to the calves born; the actual sexes of calves born are
presented. Again, there were no abortions between 2 months of gestation and term.
Pregnancy rates avemged over sexed, unfrozen and sexed, frozen sperm for bulls N8, N9,

25 ANS, and AN4 were 24, 31, 50, and 60%, respectively (P<0.1).
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uterine horn insem nation using | ow nunbers of unsexed spermwere simlar
to controls with normal sperm nunbers. The day 64 to 67 pregnancy rate
with unfrozen sexed sperm (42% 10 was 12 percentage points bel ow t he
unsexed | "B 8Bntrol with spermdiluted, stained,.and cBRISPURPLRP
identically to the sorted sperm Accufécy of sexing was 95% the sex of
calves born from sexed sperm matched the sex di agnosis of fetuses exactly;
there was_one mstake_ _in sexing fetuses of controls. There were no

abor t i ons! a5kt \eResults ghliglé giahp - tpidars Bl yomisgn998nd al | 19 cal ves from
t he sexed spermtreatnent were normal and survived. For thé 15 sexed senen
treat ment, Tredatnét/mitnt h pr &§mancy rates for buNbSpréfnant\N2, and N were 41,
44, and_40% respectivelspem39% (13eiddy of hebdyesstoisd estrus ichlvehe norni ng
and 50% (6/12) in estrus in the evening becane pregnant. Table 10. Results
of f5 el dS¢xeilal8°@homs Anguss iE’f ers i BMYoni ng, MO9GI%FO Tr eat mea{9isi)t e No.
No. No. regg?nt No. pregnant No. spermheifers day 31 to 33 day 64 to 67
cal ves rozgthoros ns 3 %10005 45 205 (449 198(S2AF° 18 (95%4(78Zht r ol ,
5C/ horns_.3x 105 28 15 (549 15 (54% 5 (53%" 25 Frozen, 40 x 106 29 16
(55% 15Fsemgontrplibadyoy 44X 10ont r ol /Hody a_Sext7@%Ys wi t hout6 Gobwybn

super scr T pYieand iwfithewt coma@nGRYerscrip® WBRrPENBFH55 PCT/ US00/ 30155 43 Fi el d
trial 2 {“THislpercentpgenfcy caless frometh sexstl treatindate €38 % iiffered &unitthe wdntll sexed,
frozen gpww.mare simlar to sexed, unfrozen spermif adjustnent is nmade
foruhunbbﬂxﬂbﬂ4ﬁqun1kiIIed during cryopreservation. There al so was no
difference in pregnancy rates between sexed spermstored at 5 versus 18C
Pregnancy rates at 2+ nonths after insem nation for sexed 5 senen from

i ndi vi dual bHi¢l8 tiaswySdarid ®(TaBRs 1 3) 14205) iWeegdvas at thPsmdbatiokRathyONi C | 0Ss
bet ween %ggndtz nvnﬁgs of‘%agtati n.was ven¥,§inilan for sexed and control
pr egnancPHEIt FARFIOR §IfFRs LD Hiarrnalely, it was ngt possiflede roplirate pachinial similerly ¢ al -
each of dueas eadatied @ifield BRlssankds scheRUAR Perb@mel, vaQBHifyAUrSIxeRGHAAREmAt 2

nont:hs cal v af t a.nor -l ength gestation. 10 Table 11. Results of
TTaa" vk B30 2 Soefidkly BlerenfmPrBng 1hes OBMGFB SIS S0 ilusirats tat

conditions were different among trials. Some of the heifers in trial 6 were available because

they failed to get pregnant after a month of natural mating. Under conditions of these trials,
pregnancy rates were very similar between 1.5 and 3.0 x 10° sexed, frozen sperm/dose.

Furthermore, there was no advantage to uterine-horn insemination. There were no significant

20 differences (P>0.05) in pregnancy rates among bulls except in Trial 5 in which the pregnancy
rate of J2, 20/28 (71%), was higher than that of J4, 15/39 (38%) (P<0.05). This difference
was not consistent from trial to trial, as J4 had numerically but not significantly (P>0.1)
higher pregnancy rates than J2 in Trials 4 and 6.

25
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Treatnment/site No. No. No. pregnant No. pregnant spermheifers day 30 to
35a day 59 to 92a Control, 5C/ horns 5x 105 58 27 (47% 24(41% Sexed,

5C hor ns 97% 1 17 (33% 16 (319 15 Sexed, 18C/ horns _5X 105 46 16
(35% 12 %]' exed, frozen/horns 1,x 106 87 29 (33% 28FPE3AGPIRUSK,
significant differences, x2. 20 Fiel d4{ri al 3 (Table 12) confirnmed that
sexed, frozen sperm results in reasonabl e pregnancy rates. The accuracy of

sexi ng S-f,)a% m3vv§§ errors in sexi ng

fetuses 8 Fre : ] , =18 e
present ed. f@ﬁm@ there merqﬂno abortlnns bet estatlon and
term Preghancy rafes avera_ed over ,sexed, unt, ) en
sperm f 2

t 01637655 PCTI USO) 44 Tab Resul t
:‘)fesglegl I ?%%’éifoge{% Angus x\?. ﬁeofs i n Woning, fggéﬁi‘?} Eat neﬁt#éfﬁ%e{) ,,Resu )
No. heif day 62 65 Sexed, o 5
N0 B °S0RL iaagiel ) oL 8 CRY O%od O oohYBagR SN PR °
14(78% " Corﬁ%?%%?enftfo‘&?”o”Q@QM @40 X 10?5 37 27 (1&{@@ 6l 6 (59%}19(7& » Means

n f'\ I'\I-\

W t hout b RO & me—petrtentage—ot Yg 9—eal ves
fromthe,§ )ﬁg ert 1%?“ ﬁ?‘%ﬁﬁft ? e contr
bl

P<0 05, ‘;er shine t%%lﬁ,qf 4 e?%aﬂié’sf’ﬁ" Ipéegﬁy(a??“% #Péﬁere done

he sarre Socat PoR W th g cf‘g?afnerent groups of heifers. Unfortunately, it
was not possible to replicate each trial simlarly due to vagaries of
field trials, such as scheduling personnel, availability of sexed senen
from

Table 14. Results of field trial 5 -- Holstein heifers in Colorado, 1999

Treatment/site No. No. No. pregnant No. pregnant
s sperm heifers day 33 to 35% day 60 to 62°
Sexed, frozen/body 1.5x 10° 23 12 (52%) 12 (52%)
Sexed, frozen/body 3.0 x 10° 25 15 (60%) 14 (56%)
Sexed, frozen/horns 1.5x 10° 25 15 (60%) 12 (48%)
20 Sexed, frozen/horns 3.0x 10° 25 17 (68%) 15 (60%)
Control, frozen/body 20 x 108 30 20 (67%) 19 (63%)
* No significant differences.
25
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15 each bull, etc. The widely different pregnancy rates between trials 5

and 6 illustrate that conditions were different am)ngtrials Sonme of the
heifers in trial 6 were avail able because they failed to egnant
after a mdYR WM3P5hatural mating. Under conditions of these ilgf’ 0155

pregnancy rates were very sinmilar bet#een 1.5 and 3.0 x 106 sexed frozen
sperni dose. Furthernore, there was no advantage to uterine-horn

i nsem nation. There were no significant 20 differences (P>0.05) in

pr egnancyatiai & Rearisred fipld|trial 6exglebtemhﬁlf€rsuaC06radn @M90ch the pregnancy rate
of J2, 20/28 (71%, was higher than that of J4, 15/39 (38% (P<0.05). This
di ff er ence Treatmentiteconsi steo. fromtri db. t o trNalpreg@faint4 hado preg@antcal |y
but not significantly (P>0. kpermhi gher Rpégigghancy dapdes Mhan Jdayi 60 theBal s 4
and 6. 25 30 WO 01/37655 PCT/US00/ 30155 45 Table 137 Results of field
tria 4 Sexetiofekmbodyhei fer 4.9x016l or ado,271999 Trepares)t / site bigzzond. No.
pregnant No. pregnant sperm helfers day 30 to 33 day 64 to 67* 5 Sexed,

f r ozeni b8eked lfrdzenbdd)6 55 3B(BEW° a, b 36 2665% ab Beweth)* f r ozendlgdady)*3 x 106
52 27 (52% a 26(500/.) a Control frozen/body 20 x 106 55 45 (82%b 43
(78% b SexvBarozenthemsut corirﬁml@uper scri2gts di ff&r(33®20.01). (/%) heifers
pregnant at d 30 to 33 were sold before the second pregnancy dlagn05|s
these wexeddsanerns o have-dehi ned pré@dnant. 10 EaMe 14. R8BS of
field trial 5 -- Holstein heifers in Col orado, 1999 Treatnent/site No. No.
No. 10pr QMP zenbedinant  20etn hei fer 24day 33 10(74% day 601%@1%Pa 15
Sexed, fTdﬂmﬁboﬂiyutbo&mon]s@;&r@ﬁpfﬂhffdimﬁo(]52 (52% Sexed, frozen/body 3.0 X
106 25 15 (60% 14 (56% Sexed, frozen/horns 1.5 x 106 25 15 (60% 12

(48%

For trial 7 (Table 16), only one inseminator was available due to rescheduling. This is
the only trial that showed a convincing advantage of uterine-horn over uterine-body

insemination. For this inseminator under the conditions of the trial, 55% more heifers

P (22 percentage points) became pregnant with sexed, frozen semen inseminated into the
uterine horns than into the uterine body. The true difference could be smaller because there
are wide confidence intervals on these means. In all the other trials (5, 6, 9, and 11) in which
body- and horn-insemination were compared, pregnancy rates were very similar for both

20 methods for this technician as well as for other technicians.

Semen from one of the bulls used in Trial 7 was shipped without dilution from
Montana by air in an insulated box at ~20°C before sorting; shipping time was 6 h.
Pregnancy rates for the sexed sperm from the two bulls were virtually identical, 49% for the
unshipped and 52% for the shipped semen. Semen was not diluted with extender and not
25 cooled for shipping because staining properties of sperm with Hoechst 33342 are altered by
dilution with extenders. Furthermore, in other studies (see Example 4), storing semen neat at
ambient temperature between collection and flow-sorting was found to be superior to diluting

it.
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20 Sexed, frozen/horns 3.0 x 106 25 17 (68% 15 (60% Control, frozen/body
20 x 106 30 20 (679 19 (639 a No significant differences. 25 30 WD

01/ 37655 P /93060/ 30155 46 Table 15. Results of field trial 6 -- Holstein
hei fers in‘%écw %300, 1999 Treatment/site No. No. No. pregndR/FRPV3PSegnant
sperm heifers day 31 to 34 day 60 to @3 5 Sexed, frozen/ body 1.5 x 106 27
11(4 1 %a 9(33 Wa Sexed, frozen/body 3.0 x 106 25 10 (40% a 9 (369 a
Sexed, frozen/horn 1 4 8 (33%a 7 (29%9a Sexed, frozen/horns 3.0
X 106 2 T3hR s st P*g%}m#b dibecfiherfors in Gelaredad 999106 24 18 (75% b
17(71 A9 b b Means w thout c n superscripts differ (P<0.05). For trial
7 (Tabl e 16?1:%‘8}?@31%% i nseni nﬁz’g? was avai | apNe due to restpdUes®Rg. This
is t he -end y trial-that Shn\'l\nﬁp%nn\li nci ng ahﬁ?fﬁﬁ age of ut é#}i}ktoﬁarn qver
ut eri ne- hod 5 insemnation., For dhis insem nator under the conditions of
the £rial Fx%j’jéﬁ?ﬂa’gg%ei fers l(gﬁl?)er cent age poidAts) becane pHedAEIt with

sexed, frQzen.semen i nsem nateﬂ o the uteripe horns than_into the
Y fr?‘ﬁ’e;{ i’to e ’6266

uteri ne gg)éf‘ e differ coul'd be smalfPer because tHP&%) are wi de

confi denge_ i nt n these,jiegps. In all thg.other trialz Eg g, 9, and
11) | n \IT"‘%?& &’ &E%E}b%dﬁ lo “-’\%-OX?da' Lon war nginrmgr ad nr 1 S

1 Oy =—a&an ot —HAse-Raten—-nwere copateds
were very s'eﬁnslvg)rc%fl%?m%?rhsuﬁﬁm?@%@ §r¢)5p'obhi s technician as well as for
ot her technicians. Senen fromone of the bulls used in Trial 7 was shi pped
W tﬁ)ut di | ut Fiell tfialdn(Tablo 7 pevmcérytedietdlbihedfrs nBSidphin@d wilXgrawilr 20C before
sorting; shid%pi r_lg tlhlge was 6 h. Prggnan y rates for the sexed spermfrom
the two BEATEERRPLG FPE BIISRency 1@ diaghtsed Hisyetsraberied. sq rAlvipg dala Wapaots 295 f or
t he shi ppedlablen®his eSsstiditntiiasttudds titleBl@BioMd deRing%1s6 BAEe Bd i@t e COOIl ed
for shi pBi ng. because st ai r}l nrg 2ro erties of spermwth Hoechst 33342 are
e exite

altered M tieERAenates geiswerpgPapdflvere, in other studies (see
Exanpl e 4), storing senen neat at
Table 17. Results of field trial 8 -- Angus heifers in Nebraska, 1999

15 '
Treatment/site No. No. No. pregnant® No. &
sperm heifers day 74 to 76 fetuses
Sexed, frozen, 72 mW 1x10° 18 7 (39%) 6 (86%)
laser/body
Sexed, frozen, 135 mW 1 x 10° 18 13 (78%) 12 (92%)

20 laser/body
® No significant differences.

25

30



anbi ent tenperature between collection and flowsorting was found to be
superior to diluting it. 30 WO 01/ 37655 PCTI USOQO' 30155 47 Tabl e 16.
Results of field trial 7 -- Crossbred beef heifers in Col orado, 1999

Tr eat ment MY VB No. No. pregnant sperm heifers day 33 PETAPOVEIE, oq
frozen/body 1.5 x 106 86 34(40% Sexedd frozen/horns 1.5 x 106 86 53 (62%b
Control, frozen/body 20 x 106 35 18 (51%"' Ib Means w thout common

super scri pt s Biektagl ) @aple 38) wasithe il kil to shaw agofifiatihg advaptagoofed ned f eedl ot
hei fers i ' / tant Sp..-at t r-egnancy was

di agnos eg&%lhselyrBD %@%&g%dgﬁ%g%ﬁésﬁg%g %ﬁ“@%’%%d‘? easlr\/\h/észadr‘{%%}ggeav\vﬁasi abf%go.o hi s
exper i memsetinhigsst Fa¢gnanayitates BF fixed speom Sromethe Aduls wered@rantd@5%one in the mal e
direction. Pregnancy rates for the 2 bulls were 50 and 61 % Table 17.
Results of field trial 8 -- Angus heifers in Nebraska, 1999 15

Tr eat nenf2¥e 1 & Resultsgf fieldrialdt = Bad AnauNisifersgpNiebnasiai 139 day 74 to 76
fetuses Sexed, frozen, 72 nW1l x 106 18 7 (39% 6 (86% |aser/body Sexed,
frozen, 135ITpanentisitsos 18 13Ne78% 12 (928 20 IhTQemﬁmu%/ a NoNeigQni fi cant
differences. 25 30 WD Q1/3FB8® PCT/ USOBEEOI55 48yf0sb @31 ri al fetugeFabl e 18)
was the only trial to show a convincing aldsvant age of 3.0

Sexed, frozen/body 1.5x10 8 (53%) 7 (88%)
Sexed, frozen/body 3.0x 108 14 12 (86%) 9 (75%)
10 .
Sexed, frozen/horns 1.5x 108 16 9 (56%) 7 (78%)
Sexed, frozen/horns 3.0x10° 16 12 (75%) 11 (92%)
Control, frozen/body 20 x 10° 30 21 (70%) 13 (62%)
3.0 x 10° sexed sperm had a higher pregnancy rate (80%) than 1.5 x 10° sexed sperm (55%),
P<0.05, 1-tail x2.
15
Pregnancy rates in field trial 10 (Table 19) with sexed, frozen semen, were similar to
controls; the accuracy of sexing sperm on this trial was only 82%, which, however, is not
significantly different from the targeted 90% accuracy. Pregnancy rates for sexed semen
were 54, 66, and 50% for bulls AN4, AN7, and ANS, respectively (P>0.1). Eighteen of the
20 heifers inseminated in this trial were the calves resulting from sexed sperm in field trial 1.
Table 19. Results of field trial 10 -- Angus heifers in Wyoming, 1999
Treatment/site No. No. No. pregnant No. @
‘ sperm heifers day 61 to 63° fetuses
25 Sexed, frozen/body 1x10° 44 26 (59%) 23 (85%).
Sexed, frozen/body 3x10° 43 23 (53%) 17 (74%)
Control, frozen/body 20 x 10° 35 20 (57%) 12 (57%)

? No significant differences.
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versus 1.5 x 106 sexed, frozen sperminsem nation dose. This advantage was
true for both insemnators. Pregnancy rates for sexed spermfromthe 2
bulls were 62 and 75% 5 Table 18. Results of field trial 9 -- Red Angus
hei fers i N"VRBH}48%ka, 1999 Treatment/site No. No. No. pregnZ&T/(§§93018per m
heifers day 60 to 63a fetuses Sexed, 4rozen/body 1.5 x 106 15 8 (53% 7
(889% Sexed, frozen/body 3.0 x 106 14 12 (86% 9 (75% 10 Sexed,
frozen/horns 1.5 x 106 16 9 (56% 7 (78% . Sexed, frozen/horns 3.0 x 106 16
12 (75% TeblegPoResultspfifiel triak Floy Slelstrimheifers ip Coirsadenl 9P 7099 13 (629 a 3.0
x 10 sexed sperm had a hi gher pregnancy rate (80% than 1.5 x 10 sexed
sper m (55%) Treafme@t/9%6, 1-tai |l NX2. 15 PregNancy r atNs. gregohntel dNb.rpregnadtO
(Table 19) with sexed, frozepermenen, wehefess i | arddy@s t6 80 r odas;56tth 68>
accuracy of sexing spermon this trial was only 82% which, however, 1S not
si gnbf i caiekédy frdidnfbodent f r otktl® t ar get ed290% accurd(6Y%) Pr egnaric(fsvsat es f or
sexed senen were 54, 66, and 50% for bulls AN4, AN7, and AN8, respectively
(P>0.1). SEkghfrezan/bofly t he 203 KdPfers inserdnated in6tBO%B)trial WeBd% he
calves resulting fromsexed spegmin field trial 1. Table 19. Results of
field triSgkedifrozenhamgus hei $&A8" in Woni ng, 1999 TédaT%ent/sit & (88%) No. No.
pregnant No. _sperm heifers_day,61 to 63a fetuses 25 Sexed, frozen/body 1
x 106 44 S5 Boopp/bomsgsoy .3x$éxed, frozeh/ body 3 % @4 43 23 @370 17

74% Control, .frozen/ body 20 106 35 20 (57% 12 (579 a No sjgnificant
((ji fﬂ/%r en&gﬁéﬁ&(&tﬁﬁ&y Q7R¥¥%§rél6nqnn/ Qn1l;9;( AQ/? 4((44% 3.(3g%)
# No significant differences, y°.

®160f 17 (94%) fetuses from the sexed semen treatments were female; 2 were too deep in
the body cavity to sex with ultrasound.

Data from trials were combined in which treatments were identical except 1 x 10 and

15 1.5x 10° sperm doses were pooled (Table 21).

Table 21. Meta-summary from combining trials with sexed, frozen semen and frozen

controls.
Trials combined Sperm no./site No. heifers No. pregnant
20 5,6,9,11 1.0 - 1.5 x 10%body 77 36 (47%)
3.0x 106/bodg' 76 38 (50%)
1.0 - 1.5 x 10°/horns 72 32 (44%)
3.0 x 10%homs 72 39 (54%)
20 x 10°body, control 93 61 (66%)
4,5,6,9,10,11 " 1.0-1.5x 10%body 176 98 (56%)
55 3.0 x 10%body 171 88 (51%)
20 x 10%body, control 183 124 (68%)
56,7,9,11 1.5 x 10%body 163 70 (43%)
1.5 x 10%hom 158 85 (54%)
20 x 10%body, control 128 79 (62%)
Pregnancy rates with sexed sperm were generally 70-90% of unsexed controls within
30

experiments with 7 to 20 times more sperm. This difference was less in the more recent
trials, possibly reflecting improved sexing and sperm-processing procedures.
In some trials, heifers were examined for pregnancy by ultrasound at both 1 and 2

months after insemination. Pregnancy losses in this interval were similar (P>0.1) for sexed



Table 20. Results of field trial 11 -- Holstein heifers in Col orado, 1999
Treatnent/site No. No. No. pregnant No. pregnhant spermheifers day 28 to
30a day 56 60 58a b 5 Sexed, frozen/body 1 x 106 12 8 (67? 7 %58% Sexed,
frozen/ body?3V¥%v6 12 6 (50% 4 (33%  Sexed, frozen/ hor n@CTUSBHST 4
(57% 4 (57% Sexed, frozen/horns 3 106 7 4 (57% 4 (57% 10 Control,

frozen/b 5_0 106 9 4 ( 40/%] 3.(33%9 a No significant differences, x2. b

16 of 17&?@/@8-%}%&&‘ CP%’% (Y/1: §XpargaiEnimaniaphishisoneeneasyre it e; 2 were

t 00 deepgdndtic ddnebaatoGaMhE ¥ rhifin8X CHiy i iﬁfhﬁﬁa@i%ﬂ%gibt%%rgﬁg&gﬂyll L@l S were
X an

conmbined in which treatnments were identical except 1.5 x 106
sper m dohe Nspwnhifesdecapsemestzatle froathe elier thals werssnidnand thessrframonbi ni ng
trials wat I e : I jals ¢ ined Sperm
0. 15t t o ARy e pOUREEN TR pehyhh Fags Bipfha S an] ol RxBRIRELC 2
36(47% arpegs jo begw different o B8 poBOaondf Gontrols, 5 x 10 /horns 72 32 (44% 3.0
X 106/ horns 72 39 (54% 20 x 106/ body, control 93 61(66% 4, 5, 6, 9, 10,
11 1.0 - 1.5 x 106/ body 176 98(56% 3.0 x 106 /body 171 88(51% 25 20 x
106/ body, control 183 124 (68% 5,6,7,9, 11 1.5 x 106/ body 163 70(43% 1.5

x 106/ horn 158 85 (54% 20 x 106(/:@]@8}\1 ﬁ&gtrol 128 79 (62% Pregnancy
rates wth sexed spermwere generally 98 % of unsexed controls within 30

experi nents ek matips irocatly qah fye distoted tesgbentR0%d o ctheli sk by eorting wesmbes® i n t he
mor,q r CCHHAs of bNAaéo%tenpxgﬁﬁ ggllo% c oue?e%}célpg)ree%lhg\yvgg byS gr)s(lcl)pqgselavra]lgon and

sperm processi ng procedur
relatively routine artificial insemination. Calves resulting from sexed sperm appear to be

normal. For most bulls in these studies, pregnancy rates with 1.0 to 1.5 x 10® sexed, frozen

sperm were 70 to 90% of unsexed controls with 20 or 40 x 100 frozen sperm inseminated
conventionally. These results apply to well-managed heifers bred by well-trained
15 inseminators using properly processed semen. There may be a small advantage to

inseminating sexed sperm bilaterally into the uterine homns compared to standard uterine body

insemination.

20 e ke e e de o e f o e ks o 3k e e ke e s e Sk e e e sk o ofe e ok sk ok e 3 e ol e e ofe e s sk sk sk sk o ole e e sk sk sk sfe e sk sk sk ok e st sk s ke e o sk ofe 3k 3 ke e
The present invention has of necessity been discussed herein by reference to certain
specific methods and materials. It is to be understood that the discussion of these specific
methods and materials in no way constitutes any limitation on the scope of the present
25

invention, which extends to any and all alternative materials and methods suitable for
accomplishing the ends of the present invention.

All patents and publications described are herein incorporated by reference in their

entirety.

30



In sone trials, heifers were exam ned for pregnancy by ultrasound at both 1
and 2 nonths after insem nation. Pregnancy losses in this interval were
simlar (P>0. 1; for sexed WD 01/ 37655 PCT/ US00/ 30155 50 (23/261; 8.8%
versus coMt@ 8137685 145; 6.2% spermtreatments, which is on@GREIKPUSE hat
genetic damage due to sexing is mnindl . Calving informtion was obtai ned
fromonly a few of the pregnant heifers because nost cattle fromthe
earlier WHAN K GiABIEDIK, and those from later trials have not cal ved yet.
The popul ation of calves produced to date from sexed senen 5 appears to be
no different fromthe population of controls. CONCLUSION Sex ratios in
cattile can bex fedb@rfdrekkt drpoprdreivhti HbspdrmBiokipakingeX by sorting spermon the
10 hasis of DNA content wwth a flow cytoneter/cell sorter followed by
cryépreser vat®on SpREINgAelketed spymsamblene artificial insemination. Calves
resglting fr Se¥&6sling REH 18R (- g)dn%qze. normal . For nost bulls in these

st udi es, preq?ancy ratges V\,ith&ﬁ&(_)n%o .5 x 106 sexed, frozen spermwere 70
to 80% of ung@xedlseb‘ﬁ{lg gnegm fjoptsaiiselseted gpexm saBple toproducsieniated spsumi nat ed
congenti onal |y Tg&}ggg : -[mg@ i d by

wel F-trai ned (?L)S i nsem %Iga?g#tgﬁdggwsmﬁéogaﬁxeﬁﬁf pr gg‘%@g‘%{éé’%ﬁ?’p&fﬁere may be
smabl advant age t épempandni nati ng sexed spermbilaterally into the uterine

hor?s conpar 35 toﬁiéﬁr&?sﬁiﬂykﬁeﬁ&lbﬁﬁf@% i nsem nation. 20

The present invention has of necessity been discussed herein by reference
to gertan smeEefHog o?@iéﬁﬁq%&%m&ﬁéc@(ﬁ% et{ntsal'nyetc%nﬁ?is Q&ﬁ)%%%ep hat the
di scussion of these specific nethods an Faterials 1H No y constitutes
any?2| i mit at i GPETBYPIesHRL iB @ sprEcoiamplee s3id pertion oDpeinnsadestaddpr a chiarasterietic ends t o
anysand all agl4 er&aiiiNe e €4 -g,gﬁ] ' ; l.i shing
the ends of the presentS i nventc?l%)t%.tl tﬁggﬁ%%?ssigyr%&%lggﬁ’%2(g“fﬁrg%§(?rggl§cri bed
are4herei n i Sewrpwrwlied by reference in their entirety. 30 WO 01/ 37655
PCT/ USO0/ 30155 51

1 3. The method of Claim 1 wherein said selected sperm sample comprises sex-selected

2 sperm.

1 4. The method of Claim 1 wherein said selected sperm sample comprises mammalian

2 sperm.

1 5. The method of Claim 4 wherein said selected sperm sample comprises bovine sperm.
1 6. The method of Claim 4 wherein said selected sperm sample comprises equine sperm.
1 7. The method of Claim 4 wherein said selected sperm sample comprises porcine sperm.
1 8. The method of Claim 1 wherein said selected sperm sample comprises sperm selected
2 by a method from the group consisting of flow cytometry, a magnetic technique, a

3 columnar technique, a gravimetric technique, a biochemical technique, a technique

4 based on motility of sperm, a technique based on an electrical property of sperm, and
5 any combination thereof.

1 9. The method of Claim 8 wherein said sperm have been selected by flow cytometry.



WHAT IS CLAl EDIS: 1 1. A method for the cryopreservation of sperm
conprising: 2 (a) obtaining a selected spermsanple; 3 (b) cooling said
sel ected spermsanple; 4 (c) isolating spermfromsaid selected sperm

sanpl e to"g‘?BH%?é? isolated sperm 5 (d) adding fmal exten®&ET/YQV3UFY

i sol ated spermto produce a suspensiold2of 6 sperm and 7 (e) freezing said
suspension of sperm 1 2. The nethod of Claim1l wherein said selected sperm
sanpl e cdbpr i Tes mgthedof Catm dfwhersin covlisg éy qarrpd @gtht reduving thotemperagaepf e, sai d
port4 on of spgr far haracteristic, 3 and wherein the sperm
concientrati on&fegél%%eae%tgﬁg% “ﬁ’&@’ﬁé?‘%%@?}ﬂ}% is lower than in the 4 source
sanple. 1 3. The nethod of Claim1 wherein said selected sperm sanpl e
conpfi seg; sex : . . The net hod of C ai ein said
se Ime)lct ed§ %’pe r %ﬁegg%{)‘ggfc%lrgrlpnf ?ésa%ggrﬁlé r%ér%l fr}gggcarﬁeég%ug oy of e%‘.)({nﬁag%()h od of

d aiZm 4 wher emmugaitaglateet 26t eotusper m sanpl e conpri ses bovine sperm 1 6.
The nmethod of Claim4 wherein said selected sperm sanpl e conprises equi ne
sperm 1 7. The nethod of Claim4 wherein said sel ected sperm sanple
conpk i se$2-por Eharaetherboiflaim 1 gherpingherbnal extender @ldgd ta pidveteced spsmi d sel ect ed
spersmn sanpl e | @@g . QL r.oup
COﬂSzlnSti ng of ovéaglgté% t%%ég&ﬁi%ﬁ%ﬁr%op %?: n?,%&x'é?ﬁgﬁ%o%e&ﬁ%%ﬁ echni que,
a griavi met r i cconepoherits) uegonzpobénd thae maiwdins aspiofaliguend baffers pHnamgergardc based on

motiJity of s ' ed.on an electrical property of sperm
and 4 5 any co%%%tgh%ﬁeiq%atrﬁ%%ﬂgérsgg .Sg%iga.%dfﬁeéerr‘?% éﬁ%ﬁ’ttyo?f%@‘g‘lr’)?ﬂ THEPE R %Sai d
sperim have besihstgleairt Eatilliytes dporm caphcitmebmn,\and aklibiodié655 PCT/ USO0/ 30155 52
1 10. The method of Claim1l wherein cooling is carried out by reducing the

tenperature of 2 the selected spermsanple to about 5Celsius. 1 11. The
met Hod of3-Cl alla mghethed@pim Eowhereig siid cryaprotestintia selentesk fram fergrow of about 60

2 consisting of disaccharides, trisaccharides, and any combination thereof.

3

1 14, The method of Claim 12 wherein said cryoprotectant is selected from the group

2 consisting of glycerol, dimethyl sulfoxide, ethylene glycol, propylene glycol, and any
3 combination thereof.

1 15.  The method of Claim 12 wherein said component that maintains osmolality and

2 buffers pH is selected from the group consisting of a buffer comprising a salt, a buffer
3 containing a carbohydrate, and any combination thereof.

1 16. The method of Claim 12 wherein said component that maintains osmolality and

2 buffers pH is selected from the group consisting of sodium citrate,

3 Trisfhydroxymethyl]Jaminomethane,

4 N-Tris[hydroxymethyl]methyl-2-aminoethanesulfonic acid, monosodium glutamate,
5 milk, HEPES buffered medium, and any combination thereof.

—

17. The method of Claim 12 wherein said organic substance is selected from the group
2 consisting of egg yolk, an egg yolk extract, milk, a milk extract, casein, albumin,

3 lecithin, and any combination thereof.



2 mnutes to about 240 m nutes. 1 12. The nethod of Caim1 wherein the
final extender added to said selected sperm2 sanple each conprise, in
addition to a cryoprotectant, one or nore of the following 3 conponents: a
conponent M348 ntai ns osnolality and buffers pH an or gBETUSBVEESt ance
that reduces col d shock and preserves’¥ertility of sperm an energy source,
a 5 substance that facilitates spermcapacitation, and an antibiotic. 1
13. 1The et hdde srethof af Flaim 13Ndemimsaibéndrayspwpe istaananapacchasidg s¢ledtedd from t he
grogp 2 consi St j i , i ri . conbi nati on
the?eof. 3 ?*%ﬁ@ggﬁgﬁﬁ%?ﬁgﬁggﬁg%?§§n1%gmﬁﬁﬁﬁggﬁ’%@?ﬁygﬁg%gﬁﬁFectant IS

sel dcted fronharded group 2 consisting of glycerol, dinmethyl sulfoxide,

et hyl ene gl ycol, propylene glycol, and any 3 conbination thereof. 1 15.
The method of Caim 12 wherein said_con%pnent that nmaintains osnolality and
2 bbf f er¥. pHThe megiod of Glaim 3 wiberein spidansibiotia iy ssleriad from the ighp epnsisinpri si ng a
saly, a buff € OOk AhiBiN b C , -c&gﬂh tion thereof. 1
16.§The nethgﬁgg%nggalnf%%’g%%rgln’@§¥§$%%%b%%§ﬁPﬂgﬁgf na”ﬁ?hins osnol ality
and3 2 buf f ersgepi¢dnyosn, erd anytcothbination thewofir oup consi sting of sodiumcitrate,
3 Tris[ hydroxynet hyl ] am nonet hane, 4

N-Tri s[ hydroxymet hyl ] net hyl - 2- am noet hanesul foni c_aci d, nonosodi um

gl ut amat%’; él%ﬁmeﬂl,od pEPREn 4 pfhessie aftyetle additicnrf thafjpat erendsa theowether eof . 1
17.»The neth i : i i i BSBurh S ected from
thezgroup 2Q%Bﬂ%f§%?ﬁ%hﬁgngggkggﬁﬁﬁégﬁmgé g%ﬁiggéﬁgct, n?f%%#a m |k

ext Pact, casdirshydmorymsthyllagiinamedthane cggantk, fmgioseoandiona of maretandpietes: WO

01/ 37655 PCT/ US00/ 30155 53 1 18. The nethod of Caim 12 wherein said
energy source_is a nongsaccharide selected. 2 fron1theg%$oup consi sting of

gl uéose,2lf r udbggithodghilbym | wherrimpfterBepdditan of thedmah gxteiser, said $eerMThe net hod
of glaiml12 whgpkiehm sdpedsidRbf Yehh, dach Sorsstlse elyedol Sk Birafd! S43/0BONSI Sti ng

2 of tylosin, gentamcin,_linconycin, |inco-Spectin, spectinonycin,
pe ndcillin, andoneormore antibiotics.

1 22. The method of Claim 1 wherein, after the addition of the final extender, said sperm

2 sample and suspension of sperm, each comprise glycerol, egg yolk, milk, fructose,

3 and one or more antibiotics.

1 23.  The method of Claim 1 wherein said extender has a pH in the range of about 6.5 to

2 about 7.5.

1 24.  The method of Claim ! wherein the sperm are isolated from said selected sperm

2 sample by ceﬂtriﬁlgation.

1 25.  The method of Claim 24 wherein said centrifugation allows for at least about 50% to

2 about 90% recovery of sperm.
1 26.  The method of Claim 1 wherein the concentration of sperm in said suspension prior to
2 freezing is about 1 x 10%/ml to about 300 x 10%/ml.

27. A frozen selected sperm sample comprising a portion of the sperm present in a source

2 sample, said portion of sperm selected for a characteristic.



3 streptomycin, and any conbination thereof. 1 20. The method of Caiml
wherein, after the addition of the final extender, the sperm 2 sanple and
suspensi on of sperm respectively, conprise glycerol, sodiumcitrate, 3
Tris[ hydr % PEIMSA | ami nonet hane, egg yol k, fructose, and oRETA{SOHRNES
antibiotics. 1 21. The method of O aPfn 1 wherein, after the addition of
the final extender, said sperm 2 sanple and suspension of sperm each
conpl i se2§l ycErairozes spiectnd sPPE Sprmple @@aiyozwher@fn arid fromen sslected sperm
antiiotics. &g oheisdRbNeedq gl m 1 wherein, after the addition of the
final extender, "sald sperm 2 sanple and suspension of sperm each conprise
glycerol, egg yolk, mlk, fructose, 3 and one or nore antibiotics. 1 23.
The et hod of TEd BdA&h deli&r S ' - j of about
6.5 to 2 about 7.5. 1 24.S%Tlﬁje%?r%p?eh?d@%?{j%gﬁaﬁga\ﬁgéﬁpg%hngegﬁtgas%erm are

i solZat ed fronfagmicrosyITisesaammgliangperm. sanpl e by centrifugation. 1 25. The
nmet hod of C aim 24 wherein said centrifugation allows for at |east about
50% to about 90% recovery of sperm 1 26. The nethod of Claim1l wherein
t he lconcg?rtrapi’f‘of?;l"zﬁﬁﬁl Sé?fé‘-’rdrﬁpFW‘%agi ifdpiend wherein sad frogen splepiedgpqrmg i s about
1 x 2106/ Mt osagp@bdomPiesbot BB pdrm. 1 27. A frozen sel ected sperm sanple
conprising a portion of the spermpresent in a source 2 sanple, said
portion of spermselected for a characteristic. WO 01/ 37655 PCT/ US00/ 30155
54 11 28. 3The Theofzeen Sddctail sPenb RGP FAThE20 hdedia bl &bz elebicd sFerind frozen
sel égt ed sperm ger%amr)il e conprises sex-selected sperm 1 29. The frozen

sel €ct ed sper ORI “BHEP MEDP- wherein said frozen sel ected sperm 2
sanpl e conprises mammal i an sperm 1 30. The frozen sel ected sperm sanpl e of

d aim 29 ergl n. sald.frozen sel ect spe 2 .sanpl.e conprj ses bovi ne
Sparim 2235 e S BB B S R B T it SO PRSP e
frozZen sel ectexthpip®imprisé pesedife speONpPri Ses equi ne sperm

33. The frozen selected sperm sample of Claim 27 wherein the method used to select said
selected sperm sample comprises a technique from the group consisting of flow
cytometry, a magnetic technique, a columnar technique, a gravimetric technique, a

biochemical technique, a technique based on motility of sperm, a technique based on

wm BhWON

an electrical property of sperm, and any combination thereof.

[u——y

34.  The frozen selected sperm sample of Claim 33 wherein said frozen selected sperm

2 sample comprises sperm that have been selected by flow cytometry.

35.  The frozen selected sperm sample of Claim 27 wherein said frozen selected sperm
sample is produced by a method comprising:
(a) obtaining a selected sperm sample;
M) cooling said selected sperm sample;
(c)  isolating sperm from said selected sperm sample to produce isolated sperm;
(d)  adding final extender to said isolated sperm to produce a suspension of sperm;

and

00 N O L AW

(e) freezing said suspension of sperm.



1 32. The frozen sel ected spermsanple of Caim29 wherein said frozen

sel ected sperm 2 sanple conprises porcine sperm 1 33. The frozen sel ected
sperm sanpl e of Claim 27 wherein the nmethod used to select said 2 selected
sper m sanpY@OEHEPY i ses a techni que fromthe group consisti RETAISBUS 3
cytometry, a magnetic technique, a col¥mar technique, a gravinetric

techni que, a 4 biochem cal technique, a technique based on notility of
sperin a 3bech# qubomsmus?@gélw fedzen salécted| spprmopepteof§flaispsrfor and any
combj nation t gxﬁgg Inse]qxiﬁﬁlt}'on-r gn{,iﬁnggrghga%l ect ed sperm sanple of Caim33
wheréin said Trozen sel'ected sperm | e conprises spermthat have been
sel ected by flow cytonetry. 1 35. The frozen sel ected spermsanple of Claim
27 wher eigy savrg %E&%&Gféﬁhﬁ%% Lsirfy ARz Lc ec&rd%ga?ﬁzmg fggL hod
conpri si ng: obtal ning a sel ect per m sanpl e; 00 |ng “said
sel e2t ed sper dessarfifical Hﬁel(lm)atlorsm ati ng sperm from said sel ected sperm
sanple to produce isolated sperm 6 (d) adding final extender to said

i sol ated spermto produce a suspension of sperm 7 and 8 (e) freezing said
suspensi on of sperm WO 01/37655 PCT/USOQ 30155 55 1 36. A net hod
conprising using the frozen selected spermsanple of Caim?27 for 2
artificial insemnation or in vitro fertilization. 1 37. The nethod of
Claim 36 conprising using said frozen sel ected spermsanple for |ow 2 dose
artificial insemnation.



