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Surgical, 
oviductal AI 
with fresh 
sperm 



Dr. Larry Johnson and Glenn Welch 
 Setting up the Modified Coulter EPICS® V 

1984: First Instrument to sort Chinchilla Sperm Nuclei  
(7.5% DNA Difference) with purity above 95%  
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HISTORICAL PERSPECTIVE 
1976 Sperm DNA content (Gledhill et al.) 
 
1979 Orientation of sperm (Dean et al.) 
 
1982 Bimodal DNA peaks (Pinkel et al.) 
 
1983 X and Y sperm livestock (Garner et al.) 
 
1986 Modification of sorter (Johnson et al.) 
 
1987 Sorting of sperm heads (Johnson et al.) 
 
1988 Sperm viability (Johnson & Clarke) 
 
1989 Progeny of X & Y sperm (Johnson et al.) 
 
 



HISTORICAL PERSPECTIVE 
1993 First use of sex sorted semen in IVF (Cran et al.) 
 
1996  XY, inc created 
 
1997 Low dose insemination- sex sorted semen (Seidel et al) 
 
1998 High speed flow-cytometers and sex semen ( Rens et al) 
 
1999 Successful freezing of sex sorted semen (Schank et al) 
 
2002    Sexing Technologies 
 
2005  Decisive program by Monsanto ( Digital Electronics) 
 
2010  Micro fluidics program by CytonomeST 
 
2012     Full automation by CytonomeST 
2014  Sexed Ultra ™ 

 

 
 
 



Development of commercial sperm sexing 
• Continued in other species 
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1991 1995 1995 2000 1993 

Main commercial focus 
 

Dr George Seidel and team at Colorado 
State University and XY Inc 



Primary issue with sexed sperm 
 

   Fertility 



 
The common theme 
 
sex sorted semen is lower in fertility 
compared with unsorted semen. 

On average has been estimated to be 
around 75 – 80% of that of unsorted 
semen. 
 
Schenk et 2009; Seidel et al 2009, DeJarnette et al 2010, Seidel, 2012, 
2013.  



Sexed semen CR is 75 to 80% of that of 
conventional semen 

Treatment Conception 
rate % 

Proportion 
compared to 
conventional 

2.1 mill Sex Sorted 45% 74% 
3.5 mill Sex sorted 47% 78% 

15 mill conventional 62% 

DeJarnette et al 2010 



Increasing sperm numbers does not 
compensate for this sub fertility 

Sex sorted Conventional 
Sperm 

concentration 
Conception 

rate 
Sperm 

concentration 
Conception 

rate 
Relative 
fertility 

2.1 x 106 38% 2.1 x 106 55% 70% 
10 x 106 44% 10 x 106 60% 73% 

DeJarnette et al 2011 
 
Similar observations in other studies as well Seidel and Schenk, 2008;  
DeJarnette et al, 2010,  Lucena et al 2014  



The educated conclusion: 

•  Flow cytometry alters functional capacity 

• Possible fertilisation failure?? 

• Early embryonic death?? 

•  Increasing sperm numbers will not alter this 
probability of fertilisation 



The cause of diminished functional capacity of sex-
sorted sperm is multifactorial 

•  High dilution (up to 5000×) 
•  Nuclear staining and incubation 
•  Mechanical forces (pressure) 
•  Exposure to UV laser & electric 

charge 

•  Projection into collection medium 
(80-90km/h) 

•  Post-sorting centrifugation 
•  Post-sorting freezing/thawing 
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Diminished functional capacity of sex-sorted sperm is 
multifactorial 
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Gosalvez et al. (2011) Therio 75, 206-211. Seidel and Garner (2002) Reproduction 124, 733-743. 

Biggest impact is sorting process itself DNA fragmentation accelerated in sorted-bull sperm 



The challenge   
 
•  Improve sorting techniques – new hardware and 
software. 

•  Improve the biochemical processes involved in 
the sex sorting process 

• Identify the primary lesion for 
reduced fertility. 



SPERM 
HETEROGENEITY 

Sperm population in the ejaculate is 
made up of distinct sub-populations 



• Structural heterogeneity 
•  Variations in morphology and structural elements (Ballachey, 

Evenson and Saacke, 1988) 

•  Functional heterogeneity 
•  Sexual selection, sperm competiton, (Heterospermic inseminations 

Beatty et al, 1969, Parrish and Foote 1985, Holt and Van Look 
2004) 

• Physiological heterogeneity 
•  Discrete packets of sperm are physiologically ready for fertilisation 

at different times post insemination – Rodriguez-Martinez, 2006, 
2007) 



Exploiting heterogeneity 

Through encapsu la t ing sperm,  
discrete packets of sperm available for 
fertilisation for extended periods. 
 
• (Bovine) Nebel et al 1993, Vishwanath 
et al, 1996, 1997,  

• (Pig) Faustini 2011,  
• (Sheep) Maxwell et al 1996. 



Theory disproved 

Theriogenology 373 

The increase in pregnancy rates were significant between control and encapsulated semen 
groups at the 24-h insemination time (P<O.OOS) but not signitkantly so at the 48-h insemination 
time (estimated diierence in pregnancy 8.02 f 5.9%; t = 1.15; PXI. 1). 

Table 2A Pregnancy rates (%) to first inseminations made with encapsulated semen (Trial) or 
semen processed for standard liquid semen insemination (Control) at a concentration 
of 2 million sperm per straw. Inseminations were conducted after 24 h or 48 h afler an 
estrus synchrony program involving an intravaginal progesterone device. 

Semen type Interval to insemination 

24_h 4&h 
number number % number number % 
of insems pregnant of insems pregnant 

Control 100 61 61b 104 63 60.6b 

Trial 102 46 45.1a 102 70 68.6b 

Means with different superscripts differ significantly (P<O.O5). 

Table 2B. Pregnancy rates (%) to first inseminations for only those animals visually detected in 
es&us. 

Semen type Interval to insemination 

24h 48h 
number number % number number % 
of insems pregnant of insems pregnant 

Control 96 60 62.5b 91 57 62.6b 

Trial 94 43 45.7a 91 68 74.7c* 

Means with different superscripts differ significantly (P<O.O5). 
*Signifies diierent from Control at both 24 hours and 48 hours (p<O.O8). 

Pregnancies in only those animals detected in estrus (Table 2B) during the period of 
observation from 24 to 72 h after CIDR-B@ removal was similar to that observed in all the 
animals, as described in Table 2A. The difference was that in the case of the animals observed in 
estrus the percentage of animals pregnant at the 48-h insemination with encapsulated semen was 
significantly higher than the control at the same time period (estimated difference in pregnancy 

Data from Vishwanath et al 1996 
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Thomas et al.1750

comparable (P = 0.9) to those achieved using conven-
tional semen at the standard time (Treatment 1; 37%).

DISCUSSION

In FTAI, there are fundamentally 2 groups of fe-
males: those having expressed estrus before FTAI and 
those having not expressed estrus. Females expressing 
estrus ovulate in response to an endogenous surge in LH 
that occurs coincident with the onset of estrus. For these 
females, ovulation occurs approximately 28 h after the 
onset of estrus (Walker et al., 1996). In contrast, females 
that have not expressed estrus by the time of FTAI are 
induced to ovulate in response to the administration of 
GnRH at insemination, with ovulation occurring ap-
proximately 28 h later (Pursley et al., 1995; Vasconcelos 
et al., 1999). There are, therefore, 2 different distribu-
tions of ovulation times in a FTAI protocol, with estrous 
females presumably ovulating earlier relative to FTAI 
than nonestrous females.

Based on results from prior studies involving sex-
sorted semen (Mallory et al., 2013; Nash et al., 2012a), 
we hypothesized that much of the decrease in FTAI 
pregnancy rates to sex-sorted semen may be attributed 
to reduced pregnancy rates of cows that failed to express 
estrus before FTAI. Studies that examined the relation-
ship between timing of insemination and estrus onset in 
cattle have led to the concept that optimal time of insem-
ination is a compromise. Inseminating too early relative 
to ovulation may result in inadequate sperm lifespan 
leading to decreased fertilization rate but increased em-
bryo quality, while inseminating too late may result in 
reduced selection of sperm or an aged oocyte leading to 
increased fertilization rate but decreased embryo quality 
�'UDQV¿HOG�HW�DO���������'DOWRQ�HW�DO���������6DDFNH�HW�
al., 2000). However, the optimal time of insemination 
when using conventional semen is likely not the opti-
PDO� WLPH�ZKHQ�XVLQJ�VH[�VRUWHG�VHPHQ��VLQFH� WKH�ÀRZ�

cytometric cell-sorting process may damage sperm in 
ways that limit sperm longevity in the female tract. We 
hypothesized that insemination at GnRH administration 
may be too early for nonestrous females, whose induced 
ovulation will occur approximately 28 h after GnRH 
administration. These data support that hypothesis, as 
delaying insemination of nonestrous females until 20 
h after GnRH dramatically improved FTAI pregnancy 
rates to sex-sorted semen.

Additionally, these data suggest that delayed in-
semination of nonestrous cows using sex-sorted semen 
may yield pregnancy rates comparable to insemination 
using conventional semen at the standard time. Nash et 
al. (2012a) proposed a strategy of limiting the use of sex-
sorted semen to estrous cows in a FTAI protocol, with 
conventional semen being used for nonestrous cows to 
achieve acceptable pregnancy rates. As an example, a 
typical estrous response before FTAI may be around 50% 
among suckled beef cows, meaning that such a strategy 
would limit the use of sex-sorted semen to approximately 
half the herd. The present data, however, suggest there is 
an opportunity for expanded use of sex-sorted semen in a 
FTAI protocol, as similar pregnancy rates were achieved 
with delayed insemination of sex-sorted semen as with 
conventional semen and no delay.

In addition to better aligning the lifespan of viable, 
capacitated sperm with the time of ovulation, delayed 
insemination of nonestrous cows may also permit the 
establishment of a more favorable maternal environ-
ment for pregnancy. Cows that express estrus before 
FTAI have higher pregnancy rates than cows that do not 
express estrus before FTAI following administration of 
the CO-Synch protocol (Perry et al., 2005; Busch et al., 
2008). Furthermore, Busch et al. (2008) reported that 
cows exhibiting estrus before FTAI had greater serum 
estradiol concentrations during the 2 d before insemina-
tion than nonestrous cows that were induced to ovulate 
with GnRH. Initiation of estrus in cattle is preceded by a 

7DEOH����3UHJQDQF\�UDWH�WR�¿[HG�WLPH�DUWL¿FLDO�LQVHPLQDWLRQ��)7$,��EDVHG�RQ�HVWURXV�UHVSRQVH�DQG�WUHDWPHQW1

Estrous  
  response3

Pregnancy rate to FTAI2

Treatment 1 Treatment 2 Treatment 3

Proportion % Proportion % Proportion %
Estrous 81/105 77%a 53/104 51%b 47/111 42%bc

Nonestrous 42/113 37%d 3/113 3%e 40/110 36%cd

Combined 123/218 56% 56/217 26% 87/221 39%
a–ePregnancy rates with different superscripts within rows or columns are different, P < 0.0001.
1&RZV�UHFHLYHG�D�FRQWUROOHG�LQWHUQDO�GUXJ�UHOHDVH��&,'5��LQVHUW�������J�SURJHVWHURQH��DQG�ZHUH�DGPLQLVWHUHG�*Q5+������ȝJ��L�P���RQ�G����2Q�G����WKH�&,'5�

insert was removed and PGF�Į (25 mg, i.m.) was administered. At 66 h after CIDR insert removal and PGF�Į��WKH�FRZV�UHFHLYHG�*Q5+������ȝJ��L�P����&RZV�
were assigned to 1 of 3 treatments: 1) FTAI (concurrent with GnRH, 66 h after CIDR removal) with conventional semen regardless of estrous expression, 2) 
)7$,�ZLWK�VH[�VRUWHG�VHPHQ�UHJDUGOHVV�RI�HVWURXV�H[SUHVVLRQ��RU����)7$,�ZLWK�VH[�VRUWHG�VHPHQ�IRU�FRZV�KDYLQJ�H[SUHVVHG�HVWUXV�DQG�GHOD\HG�$,����K�DIWHU�¿QDO�
GnRH for cows failing to express estrus.

2Pregnancy rate to FTAI determined by ultrasound 60 d after AI.
3Estrous response by 66 h after PGF�Į administration, as determined by activation of an estrus detection aid (Estrotect; Spring Valley, WI).

 at University of Missouri-Columbia on May 9, 2014www.journalofanimalscience.orgDownloaded from 

Data from Jordan et al J. Anim Sci 2014 



Observation: 
 
Similar to encapsulation, heterogeneity of 
the sperm cell population altered during 
sex sorting process 
 
Fertile in a narrow window and requires 
optimisation of time of insemination. 



Sexed sperm – effect of sperm numbers 
and cryopreservation 
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Fig. 2. Relation between non-return rate and the total number of spermatozoa inseminated. 
Seavx~ from different bulls differ in the maximum non-return rate and in the ride at which the 
asymptote is approached. Ranking of bulls changes wilh sperm dosage. 

Figure 2 shows a selection of curves of this study. Bulls differed signifi- 
cantly in the asymptotic Non-Return value which is reached as the number of 
spermatozoa per insemination increases (a in eqn. ( 1)). and in the rate at 
which the asymptotic Non-Return value is approached (6 in eqn. ( I ) ). There 
is no correlation between the asymptotic Non-Return value and the rate at 
which this value is approached. This implies that bull ranking changes with 
the total number of spermatozoa per insemination below the threshold level 
of optimal fertility. 

Semen characteristics are assessed not ooly for the prediction of bull or 
boar fertiiity but also to evAate tbe way of processing the ejaculate in the 
laboratory. The characteristics used are believed to be relevant to the chance 
of oocyte penetration and subsequent development. 

Examples of these criteria are motility, membrane integrity, acrosome in- 
tegrity, metabolite concentrations, activity of specific enzymes, sperm-ooc- 
yte interaction. The majority of semen quality characteristics are related to 
viability (Woeiders, 1991). When used as a test, viability assays and other 
sperm quality criteria must be mutually complementary if possible and must 

Increasing sperm numbers increased 
fertility – den Daas 1992 



Increasing sperm numbers with sex 
sorted semen does not compensate for 
this sub fertility 

Sex sorted Conventional 
Sperm 

concentration 
Conception 

rate 
Sperm 

concentration 
Conception 

rate 
Relative 
fertility 

2.1 x 106 38% 2.1 x 106 55% 70% 
10 x 106 44% 10 x 106 60% 73% 

DeJarnette et al 2011 
 
Sire effect, P < 0.01 
Concentration effect P < 0.01 
Semen type effect P < 0.01 
Sire x Concentration - NS 
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Comparison of fresh and frozen NRR’s at 
optimal and sub-optimal sperm concentrations  

Fresh Frozen 

Fresh – optimal dose rate 2.5 million / straw and sub-optimal 0.5 million / straw 
  

Frozen – optimal dose rate 20 million / straw and sub-optimal 5 million / straw 
  

  



Observation: 
 
Lower fertility with sex sorted semen is 
partially due to dose rate 
 
Increasing dose rates does not fully 
restore fertility of sex sorted sperm. 



Lessons from fresh sex sorted sperm 
– New Zealand 



NRR of fresh sex sorted (1 million) or 
conventional semen (2 million) 

Season SS Conv SS – 
Conv 

SS / 
Conv 

Insems NRR % Insems NRR % NRR % % 
2011 8,848 69.4 10,981 73.6 -4.2 94.3 
2012 18,760 68.1 19,915 72.3 -4.2 94.2 
2013 26,104 69.9 26,189 73.4 -3.6 95.1 
Total 51,712 69.1 57,085 73.1 -3.9 94.6 

 
Data from Z Xu 2014, Livestock Improvement, In press JDS 
Results are 18-24 day NRR 
All inseminations in lactating dairy cows 



Calving statistics with fresh sex sorted or 
conventional semen 

2011 2012 
SS Conv SS-Conv SS Conv SS-Conv 

No of AI 14,239 17,372 31,051 31,294 
Calving / AI % 51.2 54.3 -3.1 49.7 52.6 -3.0 

Data from Z Xu, JDS in press 
Calving / AI %, is adjusted calving taking into account AI in 
culled cows and AI in non pregnant cows. 



Observations 
• Fresh sex sorted sperm has almost 
comparable fertility with that of 
conventional sperm at half the sperm 
concentration 

• The sex sorting process per se is not 
detrimental to sperm fertilising ability 



 
 - A system that maintains consistency in temperature through the entire process. 
 - A system that standardizes the pH and concentration of all the ejaculates as soon as 
 they are collected. 
 - A system that reduces oxidative damage at each step 
 - A buffer system that stabilizes and maintains the pH along the sorting process. 

 
 

 The collective process is termed SexedUltra™ 
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Recent changes in processes with sex 
sorting semen 



SexedULTRA™ method improves in vitro sperm 
characterisitics compared with the XY method 
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Open bars XY method, Close bars, SexedULTRA™ method 
** significantly different to XY method n = 12, P < 0.01 



Preliminary trials with SexedULTRA™ 

XY Method SexedULTRA™ 
method 

Inseminations Pregnancy 
rate (%) 

Inseminations Preganacy 
rate (%) 

Jersey 803 50.7 603 57.2 
Holstein 363 39.7 354 50.6 
Overall 1166 47.3 957 54.7** 

**Significant differences in overall pregnancy rate 
 XY compared with SexedUltra™ P < 0.01 



Trials with SexedUltra™ with frozen sex 
sorted semen – Select Sires 

Process method Number of 
inseminations 

Scanned pregnancy 
rate 

XY  3384 41.6% 
SexedULTRA™ 3546 46.1%* 

* Process method differs P < 0.01 



Field trials with a new and improved 
SexedULTRA™ 

Treatment # inseminations Pregnancy rate (%) 
New SexedULTRA™ 3189 52.9* 

SexedULTRA™ 2833 50.4 

*Significantl treatment effect P < 0.05 
Significant bull effect P < 0.01 
Significant farm effect P< 0.01 
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56 day NRR (%) 

Dose rate trials with new SexedULTRA™ 

Treatment Number of 
inseminations 

56 day 
NRR (%) 

Relative 
fertility (%) 

XY method 1292 56.3A 87% 

SU 2.1 mill 1245 59.2A 92% 

SU 3 mill 1328 60.7AB 94% 

SU 4 mill 1182 65.0B 100% 
Conv (15 mill) 50,143 64.5B 

•  Trial with heifers 
•  NRR with different 

superscripts are 
significantly 
different P < 0.01 



Two important observations in this trial 

• For the first time a dose response effect has been 
demonstrated with sex sorted sperm 

• For the first time, parity in conception rates with 
conventional semen has been demonstrated. 



Sex sorting technology – progress through the 
years 

•  1990-1995 
 

Sort speeds 200 to 
400 cells per 
second, 83% 
purity 70% fertility 
of conventional  
 
1000 conventional 
straws = 10 sex 

1995-2002 
 
Sort speeds 1000 
cells per second, 
85% purity, 80% 
fertility of 
conventional 
 
1000 
conventional 
straws = 50 sex 
 

2002-2012 
 
Sort speeds 5000 
cells per second, 
85% purity, 80% 
fertility of 
conventional  
 
1000  
conventional 
straws = 400 sex 
 



Last two years 
•  Improvements in sorter 

technology as well as semen 
processing methods. 

•  2012 - 2014 
10,000-20,000 cells per second 
>93% purity 
92% fertility of conventional 
semen  
 
1000 conventional straws 
= 1100 sex 
 
 



MoFlo XDP – twin head Cytonome/ST LLC – Genesis III  



In Conclusion 

• Sex sorting process + cryopreservation 
alters the heterogeneity of the sperm 
population. 

• Imaginative field trials to dissect this 
response. 



• New SexedUltra™ process - Marked lift in 
fertility with sex sorted frozen semen 

• No perceptible loss in fertility with fresh sex 
sorted semen. 

• Fertility loss primarily due to the interaction 
between sex sorting and cryopreservation 



For the first time, comparable 
conception rates for sex sorted 
sperm and conventional 



Questions ? 
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