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White Lamphun cattle is one of the important native
breeds of beef cattle in northern Thailand because they can
be raised in malnutrition area and harsh environment.
However, beef production is not enough for consumption
because the numbers of beef cattle are low due to lack of
parent stock (Department of Livestock Development,
Thailand, 2015). Therefore, female calves are preferred for
herd replacement and enlarging herd size. Several methods
of sex pre-selection are based on sperm sexing which
attempts to distort sperm sex ratio. Currently, the widely
used method is flow cytometry, which is considered to be
the most reliable procedure. However, the disadvantages
of flow cytometry are the high cost of equipment,
complicate procedure, low speed of sorting and small
amount of sorted sperm/h (Johnson et al. 1989, Seidel Jr.
2003). Alternatively, agglutination reaction (Hoppe and Koo
1984) which uses male-specific antibody and cytotoxic
reaction (Bennett and Boyse 1973) that uses male-specific
antibody with complement are interesting procedures for
sperm sexing. These methods are attractive due to low sperm
damage and are cost-effective. The consequence of both
methods is reduced Y sperm in the whole sperm population

leading to increased female offspring. To investigate the
result of sexed semen samples, real time polymerase chain
reaction (real time PCR) was used. This technique can detect
the amount of target DNA in each cycle with the increasing
of fluorescence signal (Valasek and Repa 2005). Also,
multiplex real time PCR performed by using fluorescent
labeled-Taqman probes to investigate male-specific and
female-specific genes in the same tube was reported by
Khamlor et al. (2014). To carry out sex determination, the
specific genes, i.e., sex-determining region Y (SRY) gene
which is expressed on Y chromosome (Gubbay et al. 1990)
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
gene, which is expressed on autosomes (Robert et al. 2002)
were used (Gokulakrishnan et al. 2012). SRY gene is widely
used as it plays an important role in mammalian male
development and is located on Y chromosome (Shende et
al. 2014). Thus, the expression of SRY gene can be used to
assess the amount of Y sperm in bovine semen (Li et al.
2011). Therefore, the objective of this study was to perform
sperm sexing in White Lamphun cattle semen by using
male-specific monoclonal antibodies. The optimum reaction
of each cattle was determined by live sperm percentage
and evaluated male-specific gene expression of sperm by
multiplex real time PCR to determine the effect of antibodies
on reducing Y sperm.

MATERIALS AND METHODS

White Lamphun cattle semen: White Lamphun cattle
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ABSTRACT

In the present study, male-specific monoclonal antibodies, P1C2B8 and P1C2C9, were used for sperm sexing
via agglutination and cytotoxic reactions in White Lamphun cattle semen no. 862, no. 863 and no. KL. Live sperm
percentage was used to find out an optimum dilution of antibody in agglutination and cytotoxic reactions and
multiplex real time polymerase chain reaction was used to determine male-specific gene expression in each optimum
dilution. In agglutination treatment, the results showed that all cattle had the same optimum antibody dilution
while in cytotoxicity treatment, each cattle had different optimum antibody dilution. The results from multiplex
real time polymerase chain reaction also showed that in both agglutination and cytotoxicity treatments, male-
specific gene expression in semen samples was lower in cattle no. 862, no. 863 and no. KL when compared to
control treatment. From these results, it was implied that antibodies P1C2B8 and P1C2C9 could alter the sperm sex
ratio by reducing Y sperm in White Lamphun cattle semen.
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semen no. 862 and no. 863 was obtained from Changrung
farm, Doi Lo district, Chiang Mai and no. KL was acquired
from Department of Livestock Development, Chang Phueak
sub-district, Chiang Mai. Frozen-thawed semen with live
sperm percentage of 35–40% were used in the study.

Male-specific antibodies: Monoclonal male-specific
antibodies from clone no. P1C2B8 and P1C2C9 were
prepared (Dumrongsri et al. 2014). The concentration of
each antibody was quantified spectrophotometrically at 260
nm for 2.2 mg/ml.

Complement: To prepare complement, blood samples
from healthy female New Zealand White rabbits were
collected. Blood samples (10 ml) were collected and
centrifuged at 100 × g for 5 min. Subsequently, the serum
was collected and stored at –20°C until use. Diluted
complement was optimized prior to use by selecting the
dilution that caused lower toxicity to sperm (10% sperm
death).

Sperm preparation: White Lamphun cattle semen was
thawed at 37°C for 40 sec. Then, the semen was added into
10 ml of Beltsville-TS (BTS) extender (Johnson et al. 2000).
Sperm was centrifuged at 100 × g for 5 min and the
supernatant was discarded to collect the sperm pellet. A
final concentration of 5×106 sperm/100 μl was obtained by
adding BTS extender.

Primers and probes: Primer and probe sequences for
amplification and detection of house-keeping gene and Y-
chromosome specific gene used are shown in Table 1 (Li et
al. 2011). Taqman probes in the multiplex real time PCR
were labeled at the 5´ end with different fluorophores, i.e.,
HEX for Y-chromosome specific probe and FAM for house-
keeping probe. BHQ was incorporated at the 3´ end of all
probes to permit fluorescent detection of specific product.
All primers and probes were synthesized by Bioline, USA.

was centrifuged at 150 × g for 5 min and incubated at 37°C
for 10 min. The swim-up sperm (100 μl) of each treatment
was collected.

To investigate live sperm percentage, the sperm samples
were stained with fluorescence color, i.e., SYBR 14 (green
color stained live sperm) and propidium iodide (red color
stained dead sperm) according to manufacturer’s protocol.
After staining, the samples were washed with 1 ml of
phosphate-buffered saline (PBS), then centrifuged at
250 × g for 30 min. The sperm pellet was determined for
live sperm percentage under the fluorescence microscopy.
The reactions that caused highest sperm death were expected
to maximally reduce Y sperm, so those reactions were
continuously determined by multiplex real time PCR.

Evaluation of male-specific gene expression using
multiplex real time PCR: The optimum dilution of each
treatment used is shown in Table 3 and the sexing method
was done as described in previous experiment. Each
treatment was tested in triplicate. The swim-up samples of
all treatments were collected and washed by using 1 ml of
PBS and centrifuged at 250 × g for 30 min. The DNA pellet
of each sample was collected and extracted by adding 100
μl of 5% (w/v) chelex, 7 μl of proteinaseK (10 mg/ml) and
7 μl of 1 M dithiothreitol (DTT). The samples were then
incubated at 56oC overnight. Then, the samples were boiled
at 90oC for 10 min. The DNA samples were collected. The
DNA sample of 4 μl was used as a template for
amplification.

In brief, the real time PCR chemicals per reaction and
process are described in Table 4 and Table 5.

Determination of male-specific gene expression: Gene
expression in each sample was determined by using
multiplex real time PCR-based technique. GAPDH primers
were used to amplify a reference gene and SRY primers
were used to amplify male-specific gene. Cycle threshold
(Ct) value via delta-delta Ct (∆∆Ct) method was used to
quantify target gene in specimen as previously described
by Livak and Schmittgen (2001), Pfaffl (2006).

∆∆Ct= Delta Ct (∆Ct) of treatment- Delta Ct (∆Ct) of control
Whereas ∆Ct= Ct of target gene- Ct of reference gene

Table 1. Primers and probes in real time PCR

Name and nucleotide sequence

GAPDH Primer Forward: 5´-GGCGCCAAGAGGGTCAT-3´
GAPDH Primer Reverse: 5´-GGTGGTGCAGGAGGCATT-3´
GAPDH Probe: 5´ TACTTCTCGTGGTTCACGCCCATCACA -3´
SRY primer Forward: 5´-GAAAATAAGCACAAGAAAGTCCAG
G-3´
SRY Primer Reverse: 5´-CAAAAGGAGCATCACAGCAGC-3´
SRY Probe: 5´-TCCGCCGAAATCCGTGTAGCCA-3´

Table 2. Evaluation of antibody specificity on sperm

Treatment  Antibody P1C2B8 Antibody P1C2C9

Control 1. Control 1. Control
Complement 2. Complement 2. Complement
Agglutination 3. Antibody 1:250 3. Antibody 1:10

4. Antibody 1:1000 4. Antibody 1:100
5. Antibody 1:5000 5. Antibody 1:1000

Cytotoxicity 6. Antibody 1:250 + 6. Antibody 1:10 +
Complement Complement
7. Antibody 1:1000 + 7. Antibody 1:100 +
Complement Complement
8. Antibody 1:5000 + 8. Antibody 1:1000 +
Complement Complement

Evaluation of the specificity of male-specific monoclonal
antibodies on sperm: To evaluate specificity of the
antibodies, the experiment was designed as shown in
Table 2. Each treatment was tested in triplicate. Briefly,
the sperm concentration at 5×106 sperm/100μl was used in
each treatment. The diluted antibodies from clone no.
P1C2B8 or no. P1C2C9 were added (100 μl) into
agglutination and cytotoxicity treatments. The samples were
then incubated at 37°C for 15 min. Subsequently, the
complement was added (100 μl) into both complement and
cytotoxicity treatments, and the samples were continuously
incubated at 37°C for 15 min. After reaction, each sample
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Statistical analysis: The live sperm percentage data were
compared by Chi-square test. The male-specific gene
expression was shown in mean±SE, then compared by one-
way ANOVA and followed by Least Significant Difference
test for multiple comparison. All statistical analyses were
considered significant at P<0.05 by using the Statistical
Package for the Social Sciences (SPSS), version 17.0
software.

RESULTS AND DISCUSSION

Evaluation of antibody specificity: The specificity of the
antibodies on sperm in both agglutination and cytotoxic

treatments were determined by live sperm percentage. The
lowest live sperm percentage was calculated to define the
optimum reaction in each bull. In agglutination treatment,
the results from monoclonal antibody P1C2B8 showed that
optimum dilution for cattle no. 862, no. 863 and no. KL
was 1:250 with sperm death at 14.96, 23.57 and 15.12%
(P<0.05), respectively, when compared to the control
treatment. Moreover, monoclonal antibody P1C2C9 showed
that optimum dilution for cattle no. 862, no. 863 and no.
KL was 1:10 with sperm death at 32.41, 43.71 and 13.49%
(P<0.05), respectively, when compared to the control
treatment. The difference of antibody dilution between clone
no. P1C2B8 and no. P1C2C9 used in the experiment showed
that each clone produced antibody differently. From
antibody preparation process, many clones occurred in the
same well before limiting to achieve a single cell. The same
antigen can activate a variety of antibody (Roitt et al. 1996),
so clone no. P1C2B8 and no. P1C2C9 had produced
antibody differently. To sex sperm, antibody could
immobilize the sperm and cause agglutination (data not
shown) which was similar to the study of Yakirevich and
Naot (1999). Therefore, the live sperm percentage was used
to evaluate the effect of antibody on sperm. The results
showed that sperm had a high death rate at the high dilution
of antibodies, which was similar to the study of Saling and
O’rand (1982). The study showed that percentage of
immobilized sperm was high according to the concentration
of antibody. In cytotoxicity treatment, the optimum
monoclonal antibody dilution of P1C2B8 in cattle no. 862,
no. 863 and no. KL was  1:5000, 1:1000 and 1:250,
respectively. These dilutions caused sperm death at 12.99,
23.14 and 13.15% (P <0.05), respectively, when compared
to the control treatment. Moreover, the optimum antibody

Table 3. The optimum dilution in agglutination and cytotoxicity treatments of antibodies P1C2B8 and P1C2C9

Treatment Cattle no. 862 Cattle no. 863 Cattle no. KL

Control 1. Control 1. Control 1. Control
Agglutination 2. Antibody P1C2B8 1:250 2. Antibody P1C2B8 1:250 2. Antibody P1C2B8 1:250

3. Antibody P1C2C9 1:10 3. Antibody P1C2C9 1:10 3. Antibody P1C2C9 1:10
Cytotoxicity 4. Antibody P1C2B8 1:5000 + 4. Antibody P1C2B8 1:1000 + 4. Antibody P1C2B8 1:250 +

Complement Complement Complement
5. Antibody P1C2C9 1:100 + 5. Antibody P1C2C9 1:10 + 5. Antibody P1C2C9 1:10 +
Complement Complement Complement

Table 4. Real time PCR chemicals per reaction

Chemical Amount

SensiFASTTM probe No-Rox kit 10 μl
SRY forward primer (10 μM) 0.8 μl
SRY reverse primer (10 μM) 0.8 μl
SRY probe (10 μM) 0.2 μl
GAPDH forward primer (10 μM) 0.8 μl
GAPDH reverse primer (10 μM) 0.8 μl
GAPDH probe (10 μM) 0.2 μl
Deionized water 2.4 μl

Table 5. Real time PCR process

Step Condition Cycle (s)

Denaturation 5 min at 95°C 1
Denaturation 15 sec at 95°C 40

and annealing and 45 sec at 56.5°C
Final extension 10 min at 72°C 1

Table 6. Male-specific gene (SRY gene) expression in agglutination and cytotoxicity treatments as determined by real time PCR

Treatment Cattle no. 862 Cattle no. 863 Cattle no. KL
mean±SE (n=3) mean±SE (n=3) mean±SE (n=3)

Control 1±0.03a 1±0.03a 1±0.02a

Antibody P1C2B8 0.47±0.04bc 0.61±0.04b 0.84±0.19a

Antibody P1C2C9 0.44±0.01c 0.55±0.03b 0.63±0.07a

Antibody P1C2B8 0.40±0.04c 0.56±0.03b 0.81±0.19a

with complement
Antibody P1C2C9 0.57±0.04b 0.63±0.03b 0.61±0.07a

with complement

a,b,c, column means with different lower case superscripts are significantly different (P<0.05).
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dilution of P1C2C9 for cattle no. 862, no. 863 and no. KL
was 1:100, 1:10 and 1:10, respectively, with sperm death at
24.73, 35.12 and 12.47% (P <0.05), respectively, when
compared to the control treatment. The result from this study
was similar to the study of Piedrahita and Anderson (1985)
who showed that the highest death of sperm depend on an
optimum dilution in cytotoxic reaction. Rooney et al. (1992)
showed that the cytotoxic reaction activates the formation
of membrane attack complex (MAC) and deposition of
MAC on the sperm surface. This phenomenon could lyse
the sperm and lead to sperm death (Goldberg et al. 1971,
Rooney et al. 1992). From these results, the difference of
optimum antibody dilution which was used in each bull
implied that each bull had different amount of H-Y antigen
on the sperm surface according to Manca et al. (1991). The
study showed that the optimum antibody/antigen ratio could
activate the proper reaction. Therefore, the determination
of optimum antibody prior to use in the experiment should
be carried out.

Evaluation of male-specific gene expression in sperm
using multiplex real time PCR: In our previous experiment,
the reactions which caused highest sperm death in each bull
were selected to quantify gene expression by using
multiplex real time PCR method. The SRY primers were
used to determine SRY gene expression in the samples to
identify male-specific gene which is located on Y
chromosome. In cattle no. 862 and cattle no. 863, the results
showed that antibodies P1C2B8 and P1C2C9 could lower
SRY gene expression with statistical significance (P<0.05)
while cattle no. KL showed that antibodies P1C2B8 and
P1C2C9 could lower SRY gene expression with no
statistical significance (P>0.05) in both agglutination and
cytotoxicity treatments (Table 6). The SRY gene expression
between agglutination and cytotoxic reaction had no
difference in cattle no. 863 and no. KL. The result confirmed
that using of male-specific monoclonal antibody in
agglutination and cytotoxicity treatments could reduce Y
sperm in 3 bulls because the expression of SRY gene was
lower which showed that Y sperm was reduced. To evaluate
gene expression on target DNA, the delta-delta Ct method
was used to determine gene expression of interested gene
via real time PCR process (Lawniczak and Begun 2007,
Makarova et al. 2011), which was found unnecessary to
use because it relies on the relative quantification of a target
gene versus normalization genes (Makarova et al. 2011).
The advantage of this method are reduction of the cost of
chemicals, less time-consuming and easier procedure.
Therefore, the lower SRY gene expression could imply that
the Y sperm was reduced by agglutination reaction, leading
to an increase of female offspring which was similar to the
previous study of Hoppe and Koo (1984). Bennett and
Boyse (1973) and Shelton and Goldberg (1984) showed
that cytotoxic reaction could reduce Y sperm and lead to an
increase of female offspring.

In conclusion, we assumed that the agglutination and
cytotoxic treatments in this study could reduce Y sperm
which should make a great impact on the economics of beef

production, so this method can be used as an alternative
method for sperm sexing.

ACKNOWLEDGEMENT

This research is partially supported by the Center of
Excellence on Agricultural Biotechnology, Science and
Technology Postgraduate Education and Research
Development Office, Office of Higher Education
Commission, Ministry of Education (AG-BIO/PERDO-
CHE), Thailand and also supported by the Higher Education
Research Promotion and National Research University
Project of Thailand, Office of the Higher Education
Commission, Thailand.

REFERENCES

Bennett D and Boyse E A. 1973. Sex ratio in progeny of mice
inseminated with sperm treated with H-Y antiserum. Nature
246: 308–09.

Dumrongsri S, Pongpiachan P and Mekchay S. 2014. Monoclonal
antibodies against male-specific antigen of White Lamphun
cattle (Bos indicus). Kasetsart Journal (Natural Science) 48:
425–32.

Gokulakrishnan P, Kumar R R, Sharma B D and Sharma D. 2012.
A duplex PCR assay for sex determination of meat from cattle,
buffalo, sheep and goat by amplification of the male specific
SRY gene. Indian Journal of Animal Sciences 82 (4): 423–26.

Goldberg E H, Boyse E A, Bennett D, Scheid M and Carswell E
A. 1971. Serological demonstration of H-Y (male) antigen on
mouse sperm. Nature 232: 478–80.

Gubbay J, Collignon J, Koopman P, Capel B, Economou A,
Munsterberg A, Vivian N, Goodfellow P and Lovell-Badge
R. 1990. A gene mapping to the sex-determining region of the
mouse Y chromosome is a member of a novel family of
embryonically expressed genes. Nature 346: 245–50.

Hoppe P C and Koo G C. 1984. Reacting mouse sperm with
monoclonal H-Y antibodies does not influence sex ratio of
eggs fertilized in vitro. Journal of Reproductive Immunology
6: 1–9.

Johnson L A, Flook J P and Hawk H W. 1989. Sex preselection in
rabbits: live births from X and Y sperm separated by DNA
and cell sorting. Biology of Reproduction 41: 199–203.

Johnson L A, Weitze K F, Fiser P and Maxwell W M C. 2000.
Storage of boar semen. Animal Reproduction Science 62: 143–
72.

Khamlor T, Pongpiachan P, Sangsritavong S and Chokesajjawatee
N. 2014. Determination of sperm sex ratio in bovine semen
using multiplex real-time polymerase chain reaction. Asian
Australasian Journal of Animal Science 27 (10): 1411–16.

Lawniczak M K N and Begun D J. 2007. Molecular population
genetics of female-expressed mating-induced serine proteases
in Drosophila melanogaster. Molecular Biology and Evolution
24 (9): 1944–51.

Li C, Sun Y, Yi K, Li C, Zhu X, Chen L and Zhou X. 2011.
Detection of the SRY transcript and protein in bovine
ejaculated spermatozoa. Asian Australasian Journal of Animal
Science 24 (10): 1358–64.

Livak K J and Schmittgen T D. 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the 2-

∆∆CT method. Methods 25: 402–08.
Makarova O, Maclean A M, Hogenhout S A and Nicolaisen M.

2011. Use of quantitative real time PCR for a genome-wide



882 DUMRONGSRI ET AL. [Indian Journal of Animal Sciences 86 (8)

study of AYWB phytoplasma gene expression in plant and
insect hosts. Bulletin of Insectology 64 (Supp.): S23–S24.

Manca F, Fenoglio D, Pira G L, Kunkl A and Celada F. 1991.
Effect of antigen/antibody ratio on macrophage uptake,
processing, and presentation to T cells of antigen complexed
with polyclonal antibodies. The Journal of Experimental
Medicine 173: 37–48.

Piedrahita J A and Anderson G B. 1985. Investigation of sperm
cytotoxicity as an indicator of ability of antisera to detect male-
specific antigen on preimplantation mouse embryos. Journal
of Reproduction and Fertility 74: 637–44.

Pfaffl M W. 2006. Relative quantification. Real-time PCR. pp.
63–82. (Ed.) Dorak M T. Taylor & Francis Group, New York.

Robert C, McGraw S, Massicotte L, Pravetoni M, Gandolfi F
and Sirard M A. 2002. Quantification of housekeeping
transcript levels during the development of bovine
preimplantation embryos. Biology of Reproduction 67: 1465–
72.

Roitt I, Brostoff J and Male D. 1996. Introduction to the Immune
System. Immunology. 4th edn, pp 1.1–1.11. Mosby, UK.

Rooney I A, Davies A and Morgan B P. 1992. Membrane attack

complex (MAC)-mediated damage to spermatozoa: protection
of the cells by the presence on their membranes of MAC
inhibitory proteins. Immunology 75: 499–506.

Saling P M and O’rand M G. 1982. Anti-mouse sperm antiserum:
fertility inhibition in vitro and preliminary antigen
identification. Journal of Andrology 3: 434–39.

Seidel Jr. G E. 2003. Sexing mammalian sperm-intertwining of
commerce, technology and biology. Animal Reproduction
Science 79: 145–56.

Shelton J A and Goldberg E H. 1984. Male-restricted expression
of H-Y antigen on preimplantation mouse embryos.
Transplantation 37 (1): 7–8.

Shende A M, Kutty V H M, Ramteke S S, Ghosh S K, Prasad J K
and Bhure S K. 2014. Molecular cloning and expression of
buffalo SRY gene: A mammalian sex determination protein.
Indian Journal of Biotechnology 13: 364–69.

Valasek M A and Repa J J. 2005. The power of real-time PCR.
Advances in Physiology Education 29: 151–59.

Yakirevich E and Naot Y. 1999. Characterization of a potent
sperm-agglutinating monoclonal antibody and its cognate
antigens. Fertility and Sterility 71 (3): 502–10.

30


