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ABSTRACT 

Sex-preselection by separating the male- and female-bearing spermatozoa is vilal lor elficient reproduction, Intbe 

past, various techniques have been evolved for sexing of semen. They were based on dilferences in the weight, density, size 

motility, surface charges and surface antigen structurcs ctc. T'here are many reports which have documented the favourahla 

results but they have panc ty of scientific validation. A Mlow cytometric sperm sorting is the best method lor separation ofX. 

and Y-chromosome bearing sperm, which is commonly used and relies on the dillerence oftheir DNA content. Efforts are in 

place to exploit this technique in animals. To date, the low cytometrically sorted sperm are used in the production of sex 

preselected offspring by surgical intratubal insemination, in vitro fertilization and embryo transler and intracyloplasmic 

sperm injection (1CSI). In last decade, the high-speed sperm sorting with the orienting nozzle resulted in productionofX- and 

Y-sperm with 90% accuracy at the rate of 2-6 million sperm per hour. This application can enable to accomplish more 

conventional technology for both artiicial insemination and cryopreservation of X- or Y sperm in larm animals. The process 
of commercialization of sexed sperm has accelerated recently. However, this technology has some imnpediments with respect 

to cost, implementation and pregnancy rate in comparison with insemination with lresh semen. Despite these limitations, 
production of sexed semen usualy followed by cryopreservation is being used commercially lor cattle and horse production 
in diferent parts of the world. 
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INTRODUCTION 
Modern livestock management requires efficient 

methods to optimize herd size avoiding none or sub 
optimal producing animals (Seidel, 2003), especially, when products are sex related, the opposite sex diminishes farm efficiency. Advancements in 
biotechnology are pivotal in improving the efficiency of livestock reproduction and production. One current example that illustrates the importance of biotechnological development is a process that allows production of offspring whose sex was predetermined. This is based on the separation of X- and Y chromosome bearing spermatozoa. It is known that sex is determined by presence or absence of Y chromosome in mammals. During spermatogenesis in the testis, the sex chromOsomes segregate into individual spermatocytes, and haploid spermato0Z0a therefore carry either the X- or Y- chromosome. Fertilization of an X- bearing haploid 00cyte by either X- or Y- bearing spermatoZ00n determines the sex of the resulting embryo. Therefore, the mOst effective and convenient method for sex control is based on the use of 
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sexed semen. Several investigators have separated the 
X- and Y- spermatozoa by various techniques which are 
based on principles of differing mass & motility (Ericsson et al., 1973; Rohde et al., 1975; Ross et al., 
1975; Schilling and Thormaehlen 1977; Dmowski et al., 
1979; Quinlivan et al., 1982; Kaneko et al., 1983; Beal et 
al., 1984; Zavos, 1985; lizuka et al., 1987; Lopez et al., 1993; Pyrzak, 1994; Wang et al., 1994a; Wang et al., 1994b; Flaherty et al., 1997; Kobayashi et al., 2004), ditfering swimming pattern (Check and Katsoff 1993). differences in surface charge (Sevinc, 1968; Shirai et al., 1974; Uwland and Willems 1975: Engelmann et al, 1988; Blottner et al., 1994; Manger et al., 1997), spern sorting based on volumetric differences (van Munster e al., 1999a; van Munster et al., 1999b; van Munster et al., 2002), centrifugal countercurrent t distribution (Ollero et al., 2000) and immunologically relevant structures (Bennet and Boyse 1973: Hancock 1978: Erickson et al. 1981; Pinkel et al., 1985: Ali et al., 1990; Hemdriksen et al., 1993; Sills et al., 1998; Blecher et al., 1999). However, neither of these methods was able to produce statistically significant separation of fertile sperm 
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populations, nor was reproducible. The only method 

known so far is low cytometry which uses the relative 
difference in DNA content of X- and Y chromosome 

bearing spermatozoa (Johnson et al., 1995; Weigel. 

2004; Seidel, 2007). 

Spermatozoa bearing X and Y chromosomes are 
separated on the basis of DNA using flowcytometric 
sperm sorter. This is effective in many species (Johnson 
et al., 1989; Johnson, 1995). Sex predetermined 
offspring's have been produced using surgical artificial 
insemination in rabbits (Johnson et al., 1989), horses 
(Buchanan et al., 2000; Lindseyet al., 2002), pigs 
(Johnson et al., 2000a; Rath et al., 2003; Vazquez et al., 
2003) and cattle (Doyle et al., 1999; Seidel et al., 1999), 
by intra cytoplasmic sperm injection in sheep (Catt et 
al., 1996) and using in vitro fertilization techniques in 
cattle (Cran et al., 1994,) and pig (Rath et al., 1993; Rath 
et al., 1997). Sex ratios have also been skewed in 
humans (Johnson et al., 1993; Fugger et al., 1998; 

Fugger et al., 1999). 
One of the riddle associated with the research 

attempts of producing the sexed semen is the difficulty 
of warranting the proportion of X- and Y- bearing 

spermatozoa within putative sperms population 
(Windsor et al., 1993). Moreover, there are numerous 

confronting reports and many investigators were 

unable to corroborate enrichment of X or Y-bearing 

spermatozoa using some of these techniques. 
Quinacrine staining that evaluates the efficiency of 
sperm separation has been shown to be unreliable and 

not specific to Y body at Y chromosome (van Kooij and 
van Oost 1992). 

In this review, we have discussed various techniques 
employed in separating X and Y- chromosome bearing 
spermatozoa to produce the sex predetermined 
offsprings. However, the information on flow cytometry 
will be furnished in depth when compared to other 
methods. 

Techniques Employed in Sexed Semen Production: Virtually 
in every sector of commercial animal breeding there is 
an obvious preference for one sex over the other. Sperm 
Sexing Technology (SST) enables the producers of 
dairy, swine and beef animals to predetermine the sex of 
oflspring prior to conception, thereby maximizing the 
genetic potential, productivity, and profitability. 
Numerous techniques of sexed semen production based 
on various principles are as follows. 
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1. Differrnce in Mass and Motility: Albumin Gradient: 
Successful separation of X and Ychromosome-bearing 
human spermatozoa using an albumin gradient was first 
reported by Ericsson et al., (1973). This mcthod is based 
on the assumption that the smaller Y bearing 
spermat0Z0a swims faster in fluid of high density and 
viscosity, and have a greater ability to penetrate the 
interface between fluids than X-bearing spermatozoa. 
In this technique, human serum albumin (Ericsson et 
al., 1973) or bovine serum albumin (Beal et al., 1984), a 
sticky protein solution, is layered into a column of 
increasing thickness. Centrifuged, washed, and diluted 
semen is layered on top of this albumin column. The 
column is allowed to stand for l hour, allowing sperm to 
penetrate the albumin. The top layer is discarded, and 
the column is allowed to stand for another 30 minutes. 
The next layer (originally the middle layer) is discarded. 
The remaining bottom layer is centrifuged, and of this 
only the pellet (sediment at the bottom) is retained and 
prepared for artificial insemination (Ericson and 
Ericsson 1999). This procedure enhances motility and 
eliminates abnormal sperms along with partial 
separation of X- and Y- bearing spermatozoa. It has 
been reported that the percentage of male children born 
is increased to 70-80% on employing the latest version 
of this technique (Ericsson and Ericsson 1999). 
However, the legitimacy of sex pre-selection by this 
approach has remained controversial (Evans et al., 
1975; Ross et al., 1975; Dmowski et al., 1979; Quinliven 
et al., 1982; Brandriff et al., 1986; Ueda and 
Yanagimachi 1987). In domestic animals this technique 
does not effectively separate X and Y bearing 
spermatozoa (Beal et al., 1984; White et al., 1984). 
Reliable and repeatable alteration in the sex ratio is yet 

to be achieved by using this technique. 
Percoll Gradients: Percoll method is a standard procedure 
or preparing sexed sperm for intra uterine 
insemination (IUI) or in vitro fertilization (1VE). Percoll 
consists of colloidal silica particles coated with 

polyvinyl pyrollidone. Percoll was often used as the 
density medium. Other density media used were Ficoll 
(Hedge et al., 1977) and Sephadex microbead solution 
(Quinlivan et al., 1982; Lopez et al., 1993). In the early 
1980s, researchers reported that density medium might 
also cause separation of X and Y-sperm. Later 
investigations testified that this was not the case, but the 
method has been promoted in some clinics for gender 



Ionrnal oflttestnck Btodtrean 

srlection In this procedure, sperm is centrifuged 

through nreasingh dense lavers of a solution, on the 

theor that heavic N sperm will sediment to the 
A 

bottom, and lighte Y sperm will migrate to top. 

denst medum, a liquid solution available in various 

thicknesses, is lavered in a conical centrifuge tube, with 

the densest laver at the bottom and the least dense layer 

at the top. ln the standard procedure ofpreparing sperm 

for assisted reproduction, two layers are used. For 

gender selection, 3 to 12 lavers are used. Diluted semen 

is lavered on top, and centrifuged for 30 minutes. For 

female sex pre-selection only the bottom layer, or 

pellet". is retained, in which the heavier X-sperm have 

sedimented and that for male top layer of the liquid 

supernatant" is retained, containing the lighter Y 

sperm. The remainder is washed and centrifuged again 

to remove the density medium. The Percoll product was 

withdrawn from the market in 1996 because of its risk of 

contamination with endotoxins. 

Iizuka et al., (1987) used 12-step discontinuous 

Percoll gradients (25-80%). Evaluation of this method 

by Wang et al., (1994b) using double label fluorescent 
in-situ hybridization (FISH) revealed 94%o difference in 

the proportion of X-bearing spermatozoa as against 
55% normal. This apparent discrepancy was elucidated 

earlier by van Kooji and van Oost (1992). 
2. Diference in Surface Charge: Free Flow Elkctraphoresis: 
Electrophoretic separation of mammalian sex 
determining spermatozoa has been attempted by many 
investigators without substantial success (Kiddy and 
Hafs 1971; Mohri et al., 1987). Free-flow electrophoresis 
is a fast and promising method for separation of X- and 
Y- bearing spermatozoa on the basis of difference in the 
electrical charge on cell membrane, or differing amount 
of net charge (Engelmann et al., 1988). In this technique, 
pretreated seminal plasma-free spermatozoa were 
injected continuously as a fine stream into the buffer 
medium in the separation chamber flowing 

perpendicular to the forces of an electrical field, which 
separates the spermatozoa according to their 
differences in electrophoretic mobility into the two 
Imajor classes (Kaneko et al., 1984). To identify these two 
dasses of spermatozoa before and after separation, 
Some stains (like quinacrine mustard stain used to 

identily the Y chromosome-bearing spermatozoa) are 
used. Spernatozoa moved toward the anode and were 

separated into two main peaks. The fast moving fraction 
consists of nearly 80-90% Y- bearing spermatozoa. X 

bearing spermatozoa, because of greater 

COneelran of sialic acid containing glycoproteins on the membrane were found in slower peak (Kancko a 
1983; Kaneko et al., l984). In free flow e 

lecitopor the sperm viability is nearly unchanged ax 

deternnel by eosin staining with the reduction in sperm motlty y l 
has been shown that experimental 

\emperaure ang initial sperm motility had la significant effect on sperm distribution in the electric field (Manger et al., However, this technique is ineffective 
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spermatozoa as high variations have been observed in different research experiments. 

3. Diference in Swimming Patern: Swim-up Procedures. The story behind sperm swim--up for gender r selection is almost exactly same as with the Percoll method. .This methods based on the fact that Y-bearing sperm SWim quickly than X--bearing sperm. In 
differently and more 

in separaling 

this procedure, semen is placed in a test tube lin s 
cases, it is washed and centrifuged). .A culture mediumis carefully placed on top of the semen. This medium is cordial to the sperms, and healthy sperms will swim un 
across the media. Slow and immotile sperms are lefi 

behind, along with most debris in the semen. The tes 
ube is allowed to stand for an hour or so; in some cases 
it is placed at an angle, and/or in an incubator. In the 
standard procedure, the top layer is collected for use. h 
the modified swim-up technique for attempted male 
gender selection, a small fraction of the top layer is frst 
discarded. This practice is based on the theory hat a 
small fraction of X-sperm are the fastest of all, next 
fastest are the Y-sperm, and the slowest are the majority 
of X-sperm (Check et al., 1989). Finally, the porton 
retained for use may be washed and centrifuged again. 

Check et al., (1989) reported 81% male olsprng 
after insemination of women with spermatoz03 

prepared by a modified swim up procedure. They 
followed this initial report with a prospective trial m 
which the incidence of male birth was 88.5% when 

compared to 50% after preparation on standard Percoll 

gradients (Check and Katsoff 1993). Using quinacril 

staining, the incidence of putative 
Y-bearing 

spermatozoa was found to be 49.2% in the Percol 

samples and 83.6% in the swim-up procedure fractions. 

These data suggested that swim-up 
procedures can alter 

the ratio of X- to Y-bearing spermatozoa in the isolated 

motile sperm fraction and therefore could be used for 

male sex pre-selection. 
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developed (ohnson et al., 1989) and it has been in use 
till todav. This technology was developed for use on 
conventional speed cell sorters in the early 1970s and 
improved dramatically in 1980. There has been 
accretionary improvement in these standard sorting 
STstems over the last three decades, mostly related to 
advancement in computer technology. Even with these 
improvements, only miniature advances were made in 
the sorting speed of commercial cell sorters. This has 
now changed with the development of commercial high 
speed low sorting systems. Improvement in the 
Beltsville technology in the past two years has involved 
nearly two simultaneous approaches. First is the 
development of a new flow nozzle to more effectively 
orient the sperm head to the laser beam, and second is 
the development of a commercial high speed cellsorter, 
which could be modified to sort sperm, that we adapted 
with the improved nozzle to ameliorate sperm 
orientation. 

Technology for sex ratio skewing based on 
Separation of spermatozoa bearing either the X- or Y 
chromosome, first developed in rabbits (Johnson et al., 
1989). Now, it is well demonstrated in domestic animals 
like cattle (Cran et al., 1995; Seidel et al., 1997), sheep 
(Johnson, 1995; Catt et al., 1996; Cran et al., 1997) and 
swine (Johnson, 1991: Rath et al., 1997). It was 
developed in human (Johnson et al., 1993; Fugger et al., 
1998) and non-human primates like gorilla, 
chimpanzee, baboon and marmoset (O'Brien et al., 

2003: O'Brien et al., 2005a: O'Brien et al., 2005b) and 
farmed elk (Schenk and De Groft 2003). Most notably, 
the first pre-sexed non-domestic species, the bottlenose 
dolphin, was born after insemination of sorted 

frozen-thawed spermatozoa derived from liquid-stored semen at Sea-World California (0'Brien and Robeck 
2006). Most domestic animals have an X-Y DNA 
content difference between 3.6 and 4.2% (Johnson and 
Welch 1999) but this range widens when wild species 
such as gorilla (2.7%) and giraffe (4.4%) are included 
(O'Brien et al., 2003). The DNA content differences in 
the bimodal populations of sperm from bulls, boars, 
rams, and rabbits were 3.9%0, 3.70, 4.0%, and 3.9%. 
respectively (Garner et al., 1983). The development of 
high-speed flow cytometers and improved cell 
orientation systems Johnson and Welch 1999; Seidel 
and Garner 2002) has led to substantial increases in the 
efficiency of sorting and sorted sperm quality. This 

technique is sensitive 
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detect a minute diference in 
DNA content between X- and Y 

bearing sperms Sort them with 90% purity with an 

efficiency of h 
million live sperm of each sex (X and Y) per hour 

(Siedel, 2003; Garner and Seidel2003; Dejarnette eta 2008). 

and 

The first step in flow cytometric separation o spermatozoa is to dilute the semen to a very low Concentration. Then the sperm are dyed wiith Hoechs 33342, which is a DNA--binding luorescent dye (Johnson, 1987; Garner, ,2006). This dye binds sto DNA molecules within the sperm. When the sperm are subsequently exposed to ultraviolet light, the DNA containing the dye will fluoresce. X-

Chromosome bearing sperm contain 3.5% more DNA than Y. chromosome bearing sperm (Siedel,2003), thus the X. chromosome bearing sperm will absorb more of DNA-binding dye. Using this method the sperms are identified and separated based on their DNA content. The dyed sperms are then placed in the flow cytometer. The sperm enter the flow chamber one at a time and then each sperm is evaluated. The dyed sperm are then subjected to a laser; here the X- chromosome bearing 
sperm emit more intense light due to the hink 
absorption of fluorescent dye (Senger, 2003). The computer recognizes this light intensity and can assign the sperm as either X or Y. The sperm then drop 
sequentially through the droplet charging collar of the 
apparatus, where they are assigned their charge 
(positive or negative). The sperm sequentialy pass through a magnetic field where they are drawn to either 
the positive or negative side based on their assigned 
charge (Senger, 2003). On each side of the magnetic 
field are collection chambers. X and Y chromosome 
bearing sperms are collected separately on each side. 
Initially the sperms are also treated with another dye 
that suppresses the light signal from dead sperms. These 
dead sperms thus are not detected and are passed 
through the magnetic field without a charge and fallinto 

Sperm Sorting Speed: Sorting speed is dependent 
orientation of the sperm through the instrument. Al 
improved system for orienting sperm during the s0 
process was developed at USDA (Rens et al., 1990, 

on 

Johnson et al., 1999; Rens et al. 1999: Welch and 

Johnson 1999; Johnson, 2000). Results of adapting te 
orienting nozzle (Rens et al., 1998) to the high-speed 

the waste chamber. 
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sorter were remarkable. This nozzle design increased 
the proportion of sperms that could be correctly 

measured from 25o to more than 60% (Rens et al., 
1998; Rens et al., 1999). The greater capability of the 
high speed system to sort and acquire data resulted in a 
10 to 15 fold amelioration in throughput attained than 

with the old epics systems using the bevelled needle 
(Johnson and Pinkel 1986),.The new nozzle was adapted 
for a high-speed sorter and increased sorting rates from 
2 to 6 x10 sperm/h for each sex (Rens et al., 1998; 

Johnson et al, 1999). Modification to the Cytomations 
SX MoFLo (Cytomations, Fort Collins, Colo) by XY Inc 
have signiicantly augmented the efficiency of sorting 
X and Y sperm and it is capable of sorting 15 x 10" 
bovine sperm/h for each sex (Seidel, 2000; Schenk, 
2001). 
Cryopreservation and Insemination Dose of Sexed Semen: 

Flow sorting had improved to produce enough living 
sexed sperm so that oviductal insemination, in vitro 

fertilization (IVF) or intracytoplasmic sperm injection 
(ICS) was possible. After sorting, sperms were 
concentrated by centrifugation to about 80x 10°/ml so 
that they could be reconstituted to 20x10°/ml and 

cryopreserve sorted sperms at lx10" sperm per dose in 
0.25ml straws (Schenk et al., 1999). This was almost 
twice the concentration that had been used successfully 
for unfrozen, sexed sperm to compensate for cell death 
due to cryopreservation and thawing. The 
cryopreservation of sexed spernms result in slightly 
lower post-thaw motilities and acrosomal integrities 
compared with control sperm. This damage is minor 
when compared with that caused by routine 
cryopreservation (Amann, 2000). The numbers of sex 
sorted, cryopreserved sperm used for insemination 

have ranged from 1 to 6 x10° sperm/ straw (Seidel et al., 
1999c). Normal insemination doses usually are 10-20 
x10°/ml sperm. 
Pregnancy, Calving Rates and Normalgy of Ofspring: 
Optimal use of sexing technology requires an excellent 
management (feeding, disease control, oestrus 
detection, semen handling and insemination technique) 
because application of the current technology requires 
careful timing of inseminations (Seidel et al., 1999a; 

Seidel et al., 1999b; Seidel et al., 1999¢). In heifers, 
reasonable pregnancy or fertility rates have been 
achieved with low-dose sexed and cryopreserved 
sperm, but there is a dearth of work done in lactating 

cows (Seidel et al., 1999a). Repeatedly, it has been 
demonstrated that with good management, pregnancy 
rates in breeding heifers are only slightly lower than 

normal using low doses of sexed sperm (Tubman et al. 
2004: Schenk et al., 2005). In heifers, the pregnancy rate 

for 2 x10' sexed sperm per inseminate was 56%, 
whereas the control pregnancy rate with l0 xl0 
unsexed sperm was 61%. However, pregnancy rates 
with sexed sperm are very low with animal under 

marginal management (Garner and Seidel 2003; 
Schenk et al., 2005; Schenk et al., 2007; DeJarnette et al., 
2008). Pregnancy rates can be similar in lactating dairy 
cows to controls with sexed sperm when selecting only 
those cows with completely normal reproductive 
characteristics using different examination and records 
(Seidel, 2007). Such a pre-screening of cows is usually 
impractical. However, it is not recommended to use 
sexed semen in cows due to reduced conception rate 
(Andersson et al., 2006; Linderoth, 2008). 

Seidel et al., (1999a) observed that in more than 
1000 heifers there is very little difference in pregnancy 
rate after inseminations of 1.0 to 1.5 x10°/ml versus 3.0 
x10/ml cryopreserved sexed semen. Higher pregnancy 
rates have been observed in heifers for sexed, 
cryopreserved sperm if inseminated with 7 to 20 times 
more sperm/dose and when sperms are placed into the 
uterine body (Seidel et al., 1999). 

More than 1000 live births using sexed sperm have 

been produced in different mammalian species with no 
gross perceivable abnormalities (Seidel et al., 1999a; 

Seidel et al., 1999b; Cran 2000). Although offspring 
born from pregnancies generated with sexed sperm 
appear normal from a general phenotypic standpoint, 
meticulous epidemiological studies need to be 
conducted to verify and strengthen these observations 
(Garner, 2001). The concern is that the process of sexing 
the sperm could damage sperm DNA and, thus, could 
increase the incidence of genetic abnormalities 
(Evenson, 1989; Garner, 2001). No increase in 
embryonic death has been detected during early 
pregnancy but with very few abortions (Seidel et al., 
1999). 
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Limitations of Sexed Semen: There are several major 
limitations that have throttled the implementation of 
sex-sorted semen. Because sex sorting of sperm is a 

highly invasive procedure that negatively affects sperm 
viability and longevity compared to normally 
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CrVopreserved semen, sexed semen reduces the 

conception rate is the primary impediment (Doyle et al., 
1999; Seidel et al., 1999, Chebel et al., 2006; Schenk et 
al., 2007). The other most important hindrance is the 
loss of pregnancy. In cattle, the pregnancy loss is I-2% 
higher during early gestation with low insemination 
doses of sexed spermatoz0a than with normal 

insemination doses of unsexed spermatozoa (Seidel et 
al., 1999). In addition, the procedure is extremely torpid 
and inefficacious (Hasler, 2003). As the sperms pass 
through the laser and fluorescence detectors in the flow 
cytometer, sperms must be nrecisely oriented to sort 
properly. In practice, about 30-40% sperms are sexable. 
Thus, only out of these 50% of the sperm going into the 

machine are recovered as a marketable, sexed product 
(Seidel, 2007). Although the 3,000 to 5,000 sperm of 
each sex sorted per second sounds like a lot, this 

translates into -1.3 hours of sorting to process enough 
semen for a standard dosage of 20 million sperm per 

straw. Thus, due to the slow sorting speed, 
commercialization is only possible with very low sperm 
numbers per dose (-2 million). Along with the above 
mentioned limitations, the high cost of flow cytometry 
equipment and intensive amounts of highly skilled 
labour to sort sperm makes the sexed semen production 
expensive (Amann, 1999). 

Without sexed semen, little selection is possible on 
the dam side because all female calves to be raised as 
replacements. Sexed semen has been estimated to 
increase rate of genetic progress by 15% (Van Vleck. 

1981). However, a later study suggested use of sexed 
semen in elite dams and sires would have a minor 

impact on rate of genetic progress (Baker et al., 1990) 
Because of the low sperm numbers per dose and 

compromised sperm viability, sexed semen of the 

proven sires is recommended to be used in wel. 

managed, highly-fertile, virgin heifers. While many 
research herds have realized very acceptable 

conception rates, it has been demonstrated repeatedly 

that with good managerment, pregnancy rates with 

breeding heifers are only slightly lower than normal 

Jsing low doses of sexed sperm (Tubman et al., 2004: 

Schenk et al., 2005). 

Improvement in Sexed Semen Polential Potential 

fertility in each straw of sexed semen is maximized with 

extreme caution during semen handling. Conception 

rates will most likely be increased by accurate 

jdentification of heifers in estrus, ollowing he 
recommendations for thawing semen, maintaining ihe thermal protection of straws during Al gun assernbly and transport to the heifer, using appropriate hyg procedures, depositing the semen in uterus of that 
as soon as possible (within 5 to 10 ; minutes aftert hawing Frozen sexed semen must be stored, thawed an handled properly to maintain tertility and offr a 
greatest opportunity to obtain optimal conception ra, Commercialization:Johnson et al. (I989) reported the ir 
reiterable success using flow-sorting for sexing spen. This sexing procedure was patented by USDA w 

originally developed at the USDA Bels 
Agricultural Research Center by Larry John: 
(Tohnson et al., 1989). The first commercial license y: 
issued to Master calf Ltd, and this group produced sex 
calves by using this sperm sexing procedure with IVi 
and transferring embryos to recipients (Cran et al. 
1993; Cran et al., 1995). Sperm sexing as curreni 
practiced is expensive due to high cost of equipmen 
and its maintenance, personnel cost for many steps, and 

the inefficiency of the procedure adds to the high cos of 
producing the sexed semen. However, the procedure 
continues to improve. Despite these complexities, the 
procedure works and already appears to be 
commercially viable for niche applications in several 
species. Commercialization of sperm sexing has begun 
for bovine and is coming up for equine (Buchanan et al. 
2000). In human, this methodology is being used on a 
limited scale, mainly to produce girls to avoid linked 

genetic disease (Johnson et al., 1993; Fugger et al. 

1998). 

was 

Applications: Sex-sorting of mammalian spermatozod 
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has applications for genetic improvement, 
control of 

sex-linked disease, and for captive management and re-

population of endangered species. Considerable 

research has been undertaken globally on the Beltsville 

Sperm sexing technology, the only effective method tor 

pre-selection of sex of offspring. The 
combination of 

this method with assisted 1 reproductive technologies 

resulted in the birth of offsprings in various s 
mammalian 

species. This technology is exploited 
commercially in 

cattle, the only livestock species. Sperm sexing has 

significant implications with regard to 
maximizing the 

efficiency mainly in dairy and beef cattle producction. 

Followingare the application ofsexed semen in 
general 

1) Semen sexing permit selection of a 
desired sex 
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based on the producers needs. 
2) Use of sexed semen with in-vitro fertilization (IVF) and embryo transfer (ET) in Marker Assisted Selection (MAS) will enable to produce calves with more desirable traits or to select away from 

recessive traits. 

3) Sperm sexing can be used in the biotechnological sphere for transgenic animal production and for 
cloning (Maxwell et al., 2004). 

4) Asamanoeuvre for the repopulation of endangered species and as a breeding scheme in zoos, semen sexing can be applied into wildlife management. 
5) Allows producers to contain the economic loss that 

results from the culling of animals of the un 
desired sex. 

6) In humans, sperm sexing can be applied for the 
genetic control of sex-linked diseases. This 
implicates the application of semen sexing well 
beyond the animal industry. 

It can be seen, sperm sexing has important 
implications in the livestock as well as other fields of 
research. Thus further advancement of semen sexing 
techniques will prove to be useful if not critical to the 
future development of profuse industries. 
Concusion and Future Prospects: We have entered a new 
era in which molecular biology techniques can be used 
accurately to identify the gender of a pivotal 
mammalian species. Success of any semen sexing 
technique will only be determined by being able to 
demonstrate repeatedly effective separation of X- and 
Y- bearing spermatozoa with no reduction in normal 
fertility rate. There should be minimum loss during 
separation procedure. It should have a high recovery 
rate, low cost and easy application. Out of all the 
techniques of semen sexing, only flow cytometry based 
sperm sorting is the feasible method that has been 
shown to produce high purity (85%-95% accuracy) and 
clinical significance of sex chromosome selection. 
Several major improvements have been made in the 
past, especially by fabrication of high speed cell sorting 

and improved orientation of cells in front of the laser. 
Further research into sorting and preservation methods 
that incorporate strategies to prevent destabilization of 
sperm membranes may improve the fertilizing lifespan 
of flow cytometrically sorted spermatozoa. With 
continued improvement in sorting instrumentation and 

biological handling, sorting efficiency should reach a point where commercially acceptable pregnancy rates may be achieved in many species after conventional or deep uterine insemination. More research needs to be carried out for achieving higher sorting rates and for avoiding mutagenic effects like chromosomal aberrations, low embryo-viability etc. in the flow 
cytometry method. In combination with other 
biotechnologies, bovine sexed spermatoZoa are already commercially available. In other species intensive 
research is required to provide sufficient sexed 
spermatozoa. Semen cell sorting technology is 
continuously being improved and improvements in 
sorting capacity, fertility and reduction of sexed semen 
cost are expected. Ultimately, the decision to use sexed 
semen depends on three forces: the magnitude of 
Conception rate drop, the additional cost of sexed 
semen production and the differential value of heifer 
calves versus bull calves. Most computer models 
suggest judiciously using sexed semen for first and 
sometimes for second service in virgin heifers, 
depending, of course, on the above three factors. 
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