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Sperm Sexing and its Utility in Commercial Cattle Production: A
Review

AsHAQ MANZOOR!, RAOOF AHMAD PAT00*, TOUSEEF AKRAM, ANEES AHMAD SHAH, TAHIR NAZIR
b b ) b

'Division of Livestock Production Management, Faculty of Veterinary Science and Animal Husbandry, Shubama
SKUAST-K 190006, Jammu and Kashmir, India.

Abstract | Selection of offspring of a desired sex is one of the determining factors to increase the genetic progress and
farmer’s profitability in either beef or dairy cattle. In fact, the sex-sorted semen technique has been applied worldwide
combined with artificial insemination (AI) upon estrus detection. Sex-sorted semen is not genetically engineered or
modified. It is a natural product based on the principle of difference in DNA content between X and Y spermatozoa
where X spermatozoa contains more DNA. Sperm sexing through use of flowcytometry ensures promising results in
the production of calves of desired sex, replacement and extension of herd quickly, selective culling, reducing dystokia
by preventing production of male calves, production of superior bulls, lowering the cost of progeny testing programs
and embryo transfer and enhances the value of genetic markers. Despite significant advances in sex-sorting semen
using flow cytometry, lower fertility, conception rate and embryo transfer rate occurs when compared to the rates
obtained with non sex-sorted semen. The aim of this review is to elucidate an understanding regarding the utility of
sex-sorted semen.
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INTRODUCTION leading to greater supply of replacement heifers and the
consequent hastening genetic gain (De Vries et al., 2008;
Chebel et al., 2010). This technology has improved by in-
creasing sorting rates and conception rates over the past
decade (Schenk et al., 2009). Successful use of sexed semen
requires excellent management of cattle, careful handling
of semen and use of a skilled inseminator (Seidel, 2007).

onventionally, random coupling of gametes during
fertilization determines the sex and expected sex ratio
is likely to be approximate 1:1 in the offsprings. By appli-

cation of sexed semen, female calves are ensured in about

90% of the cases in contrast to the 49% average frequenc . . . .
0 ’ 8¢ HEQUENTY A dvances in semen sex sorting have enabled incorporation

obtained with conventional semen (DeJarnette et al., 2009; . . . .
) of this technology into commercial operations (Norman et
Norman et al., 2010).Use of sexed bovine frozen semen al., 2010)

gives new opportunities to all sectors of artificial insemi-
nation industry: cross-breeding, inbreeding, progeny test-  BrNpFRITS OF SEX-SORTED SEMEN

ing, embryo transfer, genetic markers and genome selec- o Production of calves of desired sex (Seidel, 2007;
tion (Galli and Balduzzi, 2009). Sex sorting of sperm cells De Vries et al., 2008).

by flow cytometry is an established method that has been »  Quick replacement and extension of herd.
commercially used in cattle (Rath et al., 2013). This tech- e 90:10 female to male ratio or vice-versa is ensured
nology is an important tool for the dairy and beef industry, (Norman et al., 2010).
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* Selective culling.

* Reduced dystokia by preventing production of
male calves (Fetrow et al., 2007).

*  Production of superior bulls.

*  Lowers the cost of progeny testing programs and
embryo transfer and enhances the value of genetic

markers (De Vries et al., 2008).

METHODS OF SPERM SEXING
There are several methods of sperm sexing and important
amongst them are listed as:
1) Identification of H-Y antigen (Eichwald and Silm-
er, 1955)
2) Albumin gradient (Ericsson et al., 1973)
3) Free-flow electrophoresis (Kaneko et al., 1984)
4) Detection of sex specific proteins (Blencher et al.,
1999)
5) Centrifugal counter current distribution (Ollero et
al., 2000)
6) Volumetric differences (Van Munster, 2002)
7) Percoll density gradient
8) Flow- cytometry

Gledhill et al. (1976) first attempted to separate X
and Y sperm by analytical flow cytometry. First successful
separation of sperms was made in mammals (Pinkel et al.,
1982). Sex sorting process by flow cytometry is the most
efficient method to separate X from Y spermatozoa in a

large scale (Rath et al., 2013; Seidel, 2014).

Table 1: Difference between X and Y spermatozoa

Parameter Difference
DNA content Less in 'Y sperm
Size of X sperm Larger

Motility of Y sperm Faster

Surface charge of X sperm Negative
Presence of cell surface antigen H-Y Y sperm

antigen

MEecHANISM OF FLow CYTOMETRY

Principle of this method is based on the fact that X-bear-
ing (female) sperm contain 3.8 percent more DNA than
Y-bearing (male) sperm (Johnson, 2000). Before sorting,
the sperm cells are stained with a fluorescent dye (Hoechst
-33342 (a DNA binding fluorochrome [2-(4-ethoxy-
phenyl)-5-(4-methyl-1-piperazinyl)-2,5-bis-1H-benzi-
madazole-trihydrochloride) and then passed through the
flow cytometer as droplets containing the single sperm cell.
X-bearing sperm shine brighter than the Y-bearing sperm
when illuminated with laser for fluoresence. A positive or
negative charge is then applied to the droplets. Charged
(+/-) droplets are deflected in opposite directions and un-
charged droplets pass straight through. Uncharged drop-
lets may contain multiple sperm, damaged material, or cells
that were not aligned in proper direction (Figure 1).

Female
-bearing

Male
Y-bearing

Figure 1: Schematic of flow cytometry to sort X bearing
and Y-bearing bovine sperm cells.

EFrFecT OF SEXED SEMEN ON PERFORMANCE OF

CArTLE FERTILITY AND CONCEPTION

Fertility rate with sexed semen was lower than conven-
tional semen (Norman et al.,, 2010; Healy et al., 2013;
Karakaya et al, 2014). Sexed sperms of bull had 75-80%
of the fertility of conventional non-sexed, frozen-thawed
semen (Schenk et al.,2009). Conception and pregnancy
rates with sexed sperms had reduced whether artificially
inseminated fresh (sheep (Grossfeld et al., 2005)) or after
freezing and thawing (cattle (Frijters et al., 2009). Con-
ception rate or risks on an average were 21% for the 2 x
10° sexed sperm artificial inseminations (Als) and 46% for
the conventional control 15 x 10° sperm Als (Andersson
et al., 2006). (Djedovic et al., 2016) reported 55% con-
ception rates for conventional and 44% for sexed semen.
Healy et al. (2013) reported 52% pregnancy rates to sexed
semen while 58% to conventional semen. There occurred
reduction of 4% to 38% in pregnancy rates in heifers, and
33% in postpartum cows on using sexed semen (Rhinehart
et al., 2011). Pregnancy/Al of females inseminated with
sex-sorted semen may be influenced by their reduced lifes-
pan in the uterus (Maxwell et al., 2004), reduced number
of sorted sperm per straw (Schenk et al., 2009; De Jarnette
et al., 2011) and bull related fertility problems (Frijters et
al.,2009; De Jarnette et al., 2011; Sales et al.,2011).In con-
trast, conception rate of 69.7% (30/43) for sexed semen
and 66.5% (1545/2325) for unsexed semen following Al
was reported in China (Lu et al., 2010).Marginal increases
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infertility had been achieved (in some sires) by increasing
the total number of bull spermatozoa inseminated to 3.5 or
5 million (De Jarnette et al.,2008; De Jarnette et al.,2010).
However, Campanile et al. (2011) reported that use of
sexed semen in buffalo heifers gave satisfactory and simi-
lar pregnancy rates when compared with conventional non
sexed semen. Deposition of sexed semen into the body of
the uterus, however, increased pregnancy rates significant-
ly (Campanile et al., 2011). Heifers and postpartum cows
showed no difference in fertility when inseminated with
sexed semen (Rhinehart et al., 2010). However, Healy et al.
(2013) reported that pregnancy rates are considerably less
in dairy cows than in dairy heifers with sexed semen and is
not recommended for use in lactating cows or super-ovu-
lated females (De Graaf et al., 2014). Careful development
of sorting media in heifers and use of non-frozensorted
semen in lactating cows and sound animal management
could solve the fertility issue (Janett et al., 2005; De Graaf
et al., 2014).

TyYPE OoF BREED AND SERVICE NUMBER

Jersey heifers had lower fertility (52.2%) than Holstein
heifers (56.3%) with sexed semen. Conception risk by ser-
vice number decreases from 53% for first services to 33%
for seventh services (Kuhn et al., 2006).Conception risks
from first to seventh service decreased from 56% to 24%

(Michael, 2008).

AGE OF FIRST PARTURITION

Reduction in conception risks with sexed semen will result
in extended breeding period and consequently in a greater
age of first parturition. Use of sexed semen generally in-
creases the cost of raising the heifer and a delayed entry

into the lactating herd (Kohlman et al., 2008).

STiLL BIRTH AND DyYsTOCIA

Stillbirth frequency was reduced by sexed semen use for
cows (Norman et al., 2010). Use of sexed semen reduced
the losses from dystocia in heifers (Fetrow et al., 2007).
Dystocia and stillbirth were more frequent for heifers (6.0
and 10.4%, respectively, for conventional semen; 4.3 and
11.3%, respectively, for sexed semen) than for cows (2.5
and 3.6%, respectively, for conventional semen; 0.9 and
2.7%, respectively, for sexed semen). Difficult births de-
clined by 28% for heifers and 64% for cows with sexed
semen use. Stillbirths were more prevalent for twin births
except for sexed semen bred heifer (Norman et al., 2010).

PERFORMANCE OF CALVES

Calves produced with non-sexed and sexed semen differed
significantly in viability (P < 0.001) and calves from sexed
semen had a lower calf vigor score (Djedovic et al., 2015).
However, Tubman et al. (2004) found no difference in calf
vigor, birth weight, calf health, weaning weights, or mor-
tality before weaning. Healy et al. (2013) also reported that
calves produced from gender selected semen are normal
with growth rates comparable to their herd mates that are

products of conventional semen.

EcoNnomic AsPECT

Sexed semen is more expensive and less available than con-
ventional semen. Average premium is approximately $30
per straw compared to conventional semen (Fetrow et al.,
2007). However, Olynk and Wolf (2007) reported higher
profit with sexed semen as compared to conventional se-
men strategies in dairy heifers.

ImpACT ON REPRODUCTIVE TECHNOLOGIES

Using sexed semen in super-ovulated cows resulted in
20% to 35% reduction in the number of transferable em-
bryos when compared with unsexed semen (Hayakawa et
al., 2009; Larson et al., 2010). Percentage of transferable
embryos on using sexed and conventional semen werel8.6
and 43.5 (Schenk et al., 2006),53.4 and 68.1 (Hayakawa et
al.,2009),70.3 and 75.0 (Peippo et al, 2009), 39.5 and 60.5
(Larson et al., 2010), respectively. Most of this reduction is
due to an increased number of unfertilized ova. Pregnancy
rates after transfer are similar among embryos produced
with sexed or unsorted semen (Schenk et al., 2006; Ha-
yakawa et al., 2009). In Vitro Fertilization (IVF) requires
only 600-1500 sorted sperm to fertilize an oocyte (Xu et
al., 2009). This greatly increases the potential sexed off-
spring from a sire. Pregnancy rates from IVF cultured em-
bryo fertilized with sexed semen range from 30% to 50%

(Pontes et al., 2010).

LIMITATION OF SEX-SORTED SEMEN

* Sexed semen is costly and has lower conception
rates and sexing accuracy.

*  Processing time is three to four times longer than
conventionally processed semen.

*  Pregnancy rates are about 70 to 90 percent of that
with conventional semen.

»  Half the sperm cannot be sorted because they are
damaged or the machine could not determine X
or Y. Therefore, 50% of the ejaculate is discarded.

*  Lower number (20 percent to 50%) of transferable
embryos produced than that from conventionally
packaged semen.

*  Mass insemination or timed breeding is not an ac-

ceptable breeding method.

STRATEGIES EMPLOYED TO IMPROVE FERTILITY IN

SEX-SORTED SEMEN

During sorting process physical trauma, exposure to laser
light and dye damages the sperms (Garner, 2006). Sort-
ing process damages the acrosomal membranes and results
in decreased motility (Carvalho et al., 2010). Use of pulse
lasers and reduced sorting pressure decreases damage to
sperm and increases fertility (Schenk et al., 2009). Im-
plementation of semen preservation protocols (Sexcess®)
during and after sorting may result in increased pregnancy
rates (Rath et al., 2009). Sexed semen should be used in
highly fertile herds (having Al pregnancy rates with con-
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ventional semen 2 60%) and in healthy cycling females
bearing good body condition score. Semen should be care-
fully handled and thawed, and inseminated by experienced
Al technicians at estrous time.

CONCLUSIONS

Flow cytometry is the most reliable method for sperm-
sexing. There is lower fertility, conception and pregnancy
rates with sexed semen. Jersey heifers have lower fertility
than Holstein heifers with sexed semen. Conception rate
with sexed semen decreases with progress of service num-
ber. Use of sexed semen reduced the losses from dystokia in
heifers and stillbirth frequency in cows and greatly increas-
es the potential sexed offspring from a sire. However, it
results in reduction in the number of transferable embryos.
Use of pulse lasers and reduced sorting pressure increases
fertility in sexed semen. Sexed semen should be used in
highly fertile herd and in healthy cycling females bearing

good body condition score.
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