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Factors affecting application of sex
preselection in livestock animals

RH Foote and P Miller

The degree to which sex ratio is altered
The fertility or number of progeny/female per year

The number of progeny per top sire possible from
processed sperm

The direct cost of the sex control technology

The opportunity to combine sex control with other
procedures

Convenience

Traditional ethical and moral considerations



Pre-requisites for application
of
sex-sorted sperm

e Sorting protocols
o Sort purity

e Sperm quality

o Avallability



Sex Determination
Possible Methods

« Embryo biopsy and PCR (followed by ET)
o Selective abortion (fetus or embryo)

 Pre-selection of X or Y spermatozoa:
-Protein gradients (motility)
-Density gradients (density)
-Electrophoresis (surface charge)
-Immuno-separation (surface antigens)

-Flow cytometry (DNA). Beltsville sperm sexing
technology (Johnson & Pinkel, 1986)



In mammals sex Is determined by the
heterogametic sperm population




X-and Y-chromosome differ in size
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Basic principles

 DNA staining distinguishes X and Y
sperm

 Modified flow cytometer sorts two
sperm populations according to
fluorescence

e Orientation of sperm to the laser



Flow cytometric principles
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Improved sperm orientation
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Comparison of normal and
high speed flow cytometer

EPICS v/753  MOFLO high
speed Sorter
Pressure 20 psi 52 psi
Flow Rate sperm/sec/sex 2000 ~ 30000
Sort Rate sperm/sec/sex 100 ~ 6000

No. of sorted sperm/h/sex 0.35 x 10° 15 x 106






Factors influencing sorted sperm
viability

INSULTS

High dilution

Nuclear staining and incubation
Mechanical forces

Exposure to UV laser & electric charge
Projection into collection medium
Post-sorting centrifugation

Freezing and thawing

PROTECTION

Special media, including antioxidants
Egg yolk and seminal plasma



Factors influencing sorted sperm
viability

PRE- and POST-SORT HANDLING
 Time between collection and sorting

« Time between sorting and
centrifugation

o Storage fresh/freezing-thawing
protocol and insemination




Historical development and
application of sperm sexing
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1989:
1993:

1996:

Sex Determination — History

analysis of sperm DNA difference
separation of sperm nuclel
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Efficiency of sperm sorting
Single insemination dose
One desired sex

Species Dose (x10! |Pregnancy? |Time3 Time?
Cattle 2 10-20% | 8 min 3 min
Sheep 20 Similar 1 hr 25 min
Horses 25 Similar 1.6 hr 40 min
Pigs 50 40-50% | 3.3 hr 1.3 hr
L Live sperm

2 Compared with unsorted sperm and conventional deep uterine Al,
all sorted-frozen-thawed
3 Sort speed of 15x108 sperm/h
4 Maximum theoretical sort speed current technology (36x10%sperm/h)
(Garner & Seidel, 2003)




Application and
commercialisation in dairy
cattle



Patents and animal licenses




technologies
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e Ta
lf,-,_, .
ot :‘) ’Slflcﬁ_‘.

fispr-
read “‘ma\c ° oy U
\“—‘ portit \;\ jeast 20 %‘he
; 1 o “““1\"" {
G A ol ST ™ : g hu nh
§ g - qecid) - 5
L . v - \“gs‘;‘;gc. ,u'\\}“\_usﬁ
SHAWANO, W™ . et e e v s *’ﬁ:‘m e \mhm - E‘Sxi: e
specific ling of i ) . L Yiebie = o e U o o M o
Technologies. & o : i"""a\m s e S0 voporto nolme
N ul i § ot ¥ i @
Jersey sires. gne O it  gany carmers ¥ . _ﬂ\én\: AU ey
: . I et ot AN ot
Topping the GenC - i s ~ d \M\men oun
are the 90th perce: e , " gt (o 0188
1HOT290 OBRIAN. o L 7 e 1‘\\\‘:\;\““ alh t\;\‘a
APPARITION leads | i S sperionty
additional dairy and & .’ g SOV
L and DY usin thm_
s S i
The technologies usea _ifl@l@ SPerm vu... . & " it 3T l’L\\w“‘
. 3 i ” ” . g 0 10 £ gma\\of \\\ d%f“ d
percent purity, meaning _uoficepiions with this sexed prouw. h‘m o8 cgmp“ ¢ cale® :Wu\\m\hs “i rarinary ©
should produce a female .8l For optimum results, GenChoice should only or oF B i owet

be used for artificial insemination of bovine heifers that are not part of a timed
Al synchronization program or being flushed for embryo transfer.

5. B
i ;
La\ﬂ“‘ goman Jises
ol v \ NG 2
\_n\wvﬂ T\\ qefor
WS-
igaef i oo

o . a 5 : augh ¥
For specific sires and availability, contact your local Genex representative. = “\‘ms“‘ o ea

g comp2!
et a
Y 'gn“‘*c\ -m\\ \i‘v ‘f}(‘ gt 08
& B
ded, B
Cooperative Resources
International

Jbeadguarters in DeForest, Wise.

ammant tool wilh sex sarled semen
48 BEXATION Marketing Speciaiist. “This will allow beel
/alebally racognized product oltering and give tham the

in U.S. government research latarslories in the
Athiz pracedure was

Ela roducing .IES SEXATION hhn.H will yield on
average B . e desived sex,

“Aeseaich has shown . 5w gyl
percent purity for the desired sex.”
recammended lor Use in virgn heiters, il

or expraaned heCNREgInen handing 2
suecessiul ingal iz espacially impar
care and handl n rales will average

ey lechnoloqy wil aof semen ot an average of 00

v Mar] Faust. “ABS SEXATION is
naion aceurting 12 hous after an chesrved
s always an important
M b SOflad o
'5-90 percent of cor

jonal semen.”

“Theaugh ABS SEXATION, producers wil red
replacement eosls, increase s from with
says Seatt Benlley, Global Dairy Produet Manager.

15 righ. have the ability to contol b
@ profitably manage their business.”

Mieeting the varying needs of beel producens, ABS wil be offering sorted lemale and male
seman. Beat Product Managar Doug Frank stales, "ABS wil be bringing beel praducers some
af the lop bulls in the indusiry., B the reigning number coe bullin the Angus breed NEW
DESIGN 878 and the naw record selar IN FOCUS.

ABS SEXATION is basad on a sirong tradilion of guality and excallence. The inspiration
tor the product line name, 20HZ960 Dcaan-View SEXATION, was an ABS cuslom
a tram the Steps cow family i Ocean View
and cutslanging LAders can be seen in many of teday's
luding ROY and JUROR, ABS SEXATION - a name with a greal history
fulure of ABS products.




INTERNATIONAL OVERVIEW OF PRODUCERS
OF SEXED BULL SEMEN

Center working since
Cogent 2000
Select Sires 2006
CRI 2008

Alta 2008

ABS 2007
Dansire 2006
Holland Genetics 2007
Semex 2007
TWG/ST 2008

Rath and Johnson 2008, Reprod Dom Anim 34, 338-346.






Why sex dairy bull sperm?

Increase supply of replacement heifers
— Reduce heifer sale and purchase prices

— Reduce introduction of heifers into closed
herds

Increase availability of heifers for export
Increase efficiency of progeny testing
Increase efficiency of IVF programs
Increase efficiency of MOET programs

Include heifers in genetic selection and
accelerate genetic progress

Increase number of superior bulls
Reduce cases of dystocia



The quality (fertilising ability)
of sex sorted sperm and Its
avallability are decisive factors
for its wide spread application
In dairy cattle



Natural sperm selection

2 million instead of
20 million sperm




Summary of pregnancies after Al
with sex sorted frozen bull sperm
(Garner and Seidel 2003)

Pregnancy rate
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Table 1. Pregnancy and calving rates after Als with sexed or unsexed
sperm as well as distribution of gender and health of the calves born

Sexed Unsexed p-value
Pregnancy rate
No. of Als 157 149 <0.001
No. pregnant 33 69
% pregnant 21 46
Calving rate
No. of Als 157 146" <0.001
No. calved 32 65
% calved 20 45
Gender ol calves
No. calves” 33 67¢ <0.01
No. female calves 27 33
% female calves 82 49
Health of calves
No. calves® 31 62 >0.05
No. healthy calves 31 60
% healthy calves 100 97

Andersson et al. 2006, Reprod Dom Anim 41, 95-97.



New sorting and processing protocols

Sexcess®

Klinc et al. 2007, Reprod Dom Anim 42, 58-62.



Motility of thawed sperm during incubation at 37°C

Conventionally sorted Sperm A unsorted control 4 Sexcess @
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Klinc et al. 2007, Reprod Dom Anim 42, 58-62.



PREGNANCY RATES WITH SEXED
BULL SPERMATOZOA USING SEXCESS®

Unsorted ®
Control Sexcess

HF-Bull (SL) 75.5% 73.5%
Limousine ~ 0

(SL) 79.2% 73.3%

Limousine (D) 71.4% 73.9%

+/total 89/116 85/116

Total 76.7% 73.6%

Thawing: 37°C 20 sec

Al: 12-24h after onset of heat; Al into body or distal horn
Klinc et al. 2007, Reprod Dom Anim 42, 58-62.



COMPARATIVE DATA OF EJACULATES FROM A BULL,
SORTED COMMERCIALLY AND UNDER OPTIMAL CONDITIONS

Mot (%)
commercial

Mot (%)
research

Abnormal sperm: post sort/post thawing commercial: 11%
Abnormal sperm: post sort/post thawing using experimental: 7%

Sort purity commercial: 88%
Sort purity experimental: 98%

Rath and Johnson 2008, Reprod Dom Anim 34, 338-346.



MINIMAL REQUIREMENTS OF SEMEN QUALITY AFTER SORTING

- Post thaw motility: (CASA; fluorescent image) > 50%

- Thermo Tolerance Test: (6h; 37°C;CASA; fluorescent image) > 30%
- Morphological abnormal sperm: < 20%

- FITC-PNA/Syto 17/PI: > 70% intact

- Sort purity: > 90%

- Sperm number/straw: > 2 million intact sperm

Rath and Johnson 2008, Reprod Dom Anim 34, 338-346.



STATUS OF SEXED SPERM APPLICATION

- Fertility

- Sperm quality
- Sort purity

- Sort speed

- Usability of bulls

- Economic benefit

variable
needs improvement
high

improvable

improvable

depends on fertilizing abilities
and pricing conditions
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Economics of sexed sperm in commercial dairies

€ difference
=3

€1300

-20 -

Figure 1: Difference between control and sexed semen
when using lowest and highest estimate for each param-

€188

eter. Base line represents the difference (€19.6) when
using each parameter’s best estimates (as presented in

1 Price Price beef calf
Springing €322
heifer Replacement
€850 costs
€177
3 Sex ratio RR stillbirth
G sexed semen heffer calf
RR dystocia
100% heder calf 02
02
d =
10
80% 10
I 70% 43%
€785 €61

"relative to CR of normal semen

Tables 1 and 2).

Ettema et al. 2007, Western Dairy News 7, 67-68.



Example of a premium farm in Germany

Pregnancy Pregnancy
unsorted sorted

Insemination index 1.5 2.0
Semen costs/Pregnancy (€) 40.00
Costs /Al 9.75 13.00
Al costs/calf 49.75 142.35

male female male female
Sex ratio 53 47 10 90
€/calf/sex 120 300 120 300
€/calf in average 204.60 282.00
Profit/sexed calf 77.40
additional cost with sexed sperm/calf 92.65

deficit per calf

Rath and Johnson 2008, Reprod Dom Anim 34, 338-346.




Cashflow
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Figure 2: Difference in margin per cow-year between a scenario with and without the use
of sexed semen.

Ettema et al. 2007, Western Dairy News 7, 67-68.



Future development: Sexing of
already frozen cattle semen



Advantages

Sexed sperm is currently available only from
bulls located at sex-sorting labs.

Limited no. bulls available for sexing due to cost
of each facility and the small number of labs
worldwide.

Sex-sorting already frozen semen would allow
the use sexed sperm from any bull anywhere in
the world.

Over 1,000 lambs already born from this
procedure.



Intact acrosome (%)

In vitro results - cattle
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Al of frozen-thawed, sex-sorted,
refrozen-thawed sperm

TYPE/DOSE SPERM  NO.HEIFERS  NO. HEIFERS
INSEMINATED .
> PREGNANT  Monitor growth of pre-ovulatory

FSF 4 x 10° 12 0(0%)?  follicle and inseminate close to
6(75%»  time of ovulation (Trial 1)

FT (control) 4 x 106

Increase sperm dose and Al TYPE/DOSE SPERM NO. HEIFERS NO. HEIFERS
P INSEMINATED  pREGNANT

24h post-standing heat +
Introduce FSFresh treatment
(Trial 2)

FSF 10 x 10° 7 1 (14.3%)
FSFresh 4 x 10° 7 0 (0%)
FT (control) 10 x 10° 7 4 (57.1%)



First calf born following artificial
Insemination of frozen-thawed, sex-

sorted, refrozen-thawed sperm

Xena born 10 August 2008



Conclusions

e Sorting technology is available for application in
dairy cattle.

e However, significant attention is required on
sperm quality for commercial application.

e Sex sorting of already frozen semen may be
available in the future.
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