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Chapter 2

Sex chromosomal chimerism analysis in heterosexual 
twin female calves by LAMP

Introduction

　The bovine freemartin, which is congenitally ster-

ile, arises from vascular connection formation be-

tween heterosexual twin fetuses during placental 

development (Padula, 2005).  It has been reported 

that freemartins showed sex chromosomal chimer-

ism in peripheral leukocytes (Kanagawa et al. , 

1965a, 1965b), and heifers with sex chromosomal 

chimerism presented abnormal development of the 

reproductive tract and poor ovarian response to gona-

dotropin administration (Satoh et al., 1997; Cavalieri 

and Farin, 1999).  In fact, about 90％ of heifers, de-

rived from heterosexual twin pregnancy, are infertile 

(Marcum, 1974).　These calves are sold on for meat 

and further rearing.  However, if they are not recog-

nized early it can be a waste of time rearing them as 

potential replacements.  The remaining female co-

twins (about 10％ of female calves born co-twin to 

male calves) are not freemartins.  If all of the female 

co-twins are sold, they represent a loss of important 

genetic material.  An early diagnosis method for free-

martin has therefore been demanded for the prevent-

ing these losses.

　To date, many freemartin diagnostic methods 

have been developed, for example, the measurement 

of vaginal length (Miyake et al., 1980), karyotyping 

(Kanagawa et al., 1965a, 1965b), and male-specific 

DNA amplification (Olsaker et al., 1993; Fujishiro et 

al., 1995; Kadokawa et al., 1995; Ennis et al., 1999).  

Male-specific DNA amplification methods based on 

PCR have particularly been used for sex chromoso-

mal chimerism analysis in peripheral leukocytes be-

cause of their high sensitivity and rapidity.

　The author developed the cattle embryo sexing 

method with LAMP in Chapter 1.  LAMP allows 

DNA amplification at a constant temperature in the 

range of 60 to 65°C, and the target sequence is ampli-

fied rapidly within 15 to 60 min.  When a target se-

quence is amplified by LAMP, white precipitate 

derived from magnesium pyrophosphate, which is a 

by-product of the LAMP reaction, is observed (Mori 

et al., 2001).  Therefore, turbidity measurement of 

the reaction mixture allows the rapid detection of a 

positive reaction without electrophoresis of amplified 

products.  The embryo sexing method with LAMP 

can detect the cattle male-specific DNA sequence de-

rived from a small number of blastomeres within 1 h, 

and seems to be useful for freemartin diagnosis by 

sex chromosomal chimerism analysis in peripheral 

leukocytes.

　The objective of the study in Chapter 2 was to ap-

ply the cattle embryo sexing procedure with LAMP 

to sex chromosomal chimerism analysis in hetero-

sexual twin female calves.  The author examined 

DNA extraction method from blood samples and de-

tection sensitivity of male-specific DNA with LAMP, 

and performed sex chromosomal chimerism analy-

sis of heterosexual twin female calves by the vaginal 

length test, karyotyping, PCR, and LAMP.

Materials and methods

Experiment 1: influence of blood sample on the tur-

bidity measurement

　Peripheral blood samples of five single born Japa-

nese black calves (3 to 5 weeks old) were taken from 

the jugular vein into tubes containing sodium 



平山博樹：微量DNA 配列の等温DNA増幅法による牛と水牛の胚の性別判定 13

heparin.  Simulated LAMP reaction was performed 

using blood samples diluted with distilled water (dilu-

tion ratio; 1:1, 1:5, 1:10, 1:50, and 1:100) to examine 

whether hemoglobin and blood coagulation influ-

ence the turbidity measurement of reaction 

mixtures.  LAMP reaction was carried out with a Loo-

pamp bovine embryo sexing kit (Eiken Chemical 

Co., Ltd., Tokyo, Japan).  A 0.5-ml of diluted blood 

samples was mixed with 0.5 ml of 50 mM NaOH, and 

then the sample solutions were incubated at room 

temperature for 5 min.  Five micro liters of the sam-

ple solutions were added to 20 μl of reaction mix-

ture without Bst DNA polymerase.  The turbidity of 

reaction mixtures was measured before and after in-

cubation at 63℃ for 60 min.  Thermal control and tur-

bidity measurement (absorbance at 650 nm) was 

performed with a Turbidimeter LA-100 (Teramecs) 

developed for DNA analysis by LAMP.

Experiment 2: sensitivity of sex chromosomal chi-

merism analysis by LAMP

　The sensitivity of sex chromosomal chimerism 

analysis by LAMP was evaluated using male blood di-

luted in the presence of female blood.  Peripheral 

blood samples of five individual pairs of male and fe-

male calves (1 to 10 weeks old of Japanese black and 

Hereford) in single born were taken from the jugular 

vein into tubes containing sodium heparin.  Blood 

samples in each pair were prepared to contain XY 

leukocytes of 0, 0.01, 0.1, 1, and 10％ .  Leukocyte 

counts were measured by CELL-DYN 3700SL (AB-

BOTT JAPAN Co., Ltd., Tokyo, Japan).  Fifty micro li-

ters of blood samples were then diluted with 4.95 ml 

of distilled water.  Subsequently, 0.5 ml of diluted 

blood samples was mixed with 0.5 ml of 50 mM 

NaOH, and genomic DNA was extracted by incuba-

tion at room temperature for 5 min.  Male-specific 

LAMP reaction was carried out with a Loopamp bo-

vine embryo sexing kit (Eiken Chemical) according 

to the manufacturer’s instructions.  Five micro liters 

of the sample solutions were added to 20 μl of reac-

tion mixture I containing Bst DNA polymerase (fi-

nal blood dilution ratio of 1:1000).  The turbidity of 

the reaction mixtures was measured before and after 

incubation at 63℃ for 35 min.  Thermal control and 

turbidity measurements were performed with a Tur-

bidimeter LA-100 (Teramecs).  When turbidity 

reached 0.2, the reaction was judged positive.  

Experiment 3: sex chromosomal chimerism analysis 

of field samples

　Peripheral blood samples of 14 female Holstein 

calves (1 to 10 weeks old) from heterosexual twins 

were taken from the jugular vein into tubes contain-

ing sodium heparin.  The length of the vagina was 

measured at the same time by inserting a blunt plas-

tic probe (10 × 150 mm, diameter × length) into 

the vaginal cavity.

　For sex chromosomal chimerism analysis, male-

specific LAMP reaction was performed by a similar 

procedure to Experiment 2.  To verify the interrup-

tion of the turbidity measurement by the addition of 

blood samples, a negative control reaction was also 

performed using 5 μl aliquots of the sample solu-

tions and reaction mixture II of a Loopamp bovine 

embryo sexing kit, but exclusive of Bst DNA 

polymerase.   When the turbidity of only the male-

specific reaction exceeded 0.2, and the turbidity of 

the negative control reaction did not exceed 0.2, the 

sample was judged as sex chromosomal chimerism. 

　Genomic DNA prepared from peripheral blood by 

QIAamp DNA Mini Kit (QIAGEN) was used for PCR-

based sex chromosomal chimerism analysis.  Male-

specific DNA was amplified by PCR as described in 

Chapter 1.

　Leukocytes were cultured and analyzed chromo-

somally in the usual manner (Kanagawa et al., 

1965b) to determine the proportion of cells bearing 

the 60-XY chromosome complement.
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Results

Experiment 1: influence of blood sample on the tur-

bidity measurement

　When the turbidity of the reaction mixtures was 

measured before incubation, increased turbidity 

caused by the addition of blood samples was not de-

tected except for final dilution ratios of 1:10 (Figure 

4).  After incubation, the turbidity of final dilution ra-

tios of 1:10, 1:50, and 1:100 exceeded 0.2, and the tur-

bidity of 1:500 slightly increased.  The turbidity of 

the final dilution ratio of 1:1000 did not increase.
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Experiment 2: sensitivity of sex chromosomal chi-

merism analysis by LAMP

　Male-specific DNA was amplified in all blood sam-

ples containing XY leukocytes in the range of 10 to 

0.01％ (Figure 5).  The turbidity of all positive reac-

tion mixtures exceeded 0.2 within 35 min.
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Experiment 3: sex chromosomal chimerism analysis 

of field samples

　All heterosexual twin female calves, bearing sex 

chromosomal chimerism based on karyotyping and 

PCR, showed male-specific DNA from peripheral 

blood by LAMP (Figure 6 and Table 4).  No male-spe-

cific DNA was detected from heterosexual twin fe-

male calves, which did not have XY leukocytes by 

karyotyping.  In all samples examined, the turbidity 

of the negative control reaction did not exceed 0.2.
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Discussion

　In this Chapter, peripheral blood was used as 

DNA samples, and genomic DNA could be extracted 

by alkaline treatment with NaOH.  It is important 

that DNA samples are easy to obtain and prepare for 

the practical use of sex chromosomal chimerism 

analyses.  Although the dilution step was needed for 

peripheral blood to avoid interruption of the turbid-

ity measurement, blood samples treated with NaOH 

were useful for rapid sex chromosomal chimerism 

analysis.  This procedure completed all process in-

cluding DNA extraction, DNA amplification and tur-

bidity measurement within 1h.

　The commercially available system for cattle em-

bryo sexing with LAMP, which was used in this 

study, sets the turbidity 0.13 as the cutoff level of the 

negative reaction.  The author raised this level to 0.2 

to exclude a nonspecific increase of the turbidity be-

cause of use of whole blood as samples.  Under this 

criterion, male-specific DNA was accurately detected 

from blood samples.

　Most (approximately 80％ ) of freemartins will be 

correctly identified when vaginal length test is used 

(Miyake et al., 1980; Long, 1990).  It has therefore 

been proposed that obvious freemartins be identified 

by use of the vaginal length test and that the remain-

ing clinically questionable calves be differentiated cy-

togenetically (Zhang et al., 1994).  Karyotyping of 

peripheral leukocytes is a definitive method to diag-

nose sex chromosomal chimerism (Kanagawa et al., 

1965a; Kanagawa et al., 1965b).  Miyake et al. 

(1980) reported that karyotyping enabled the detec-

tion of sex chromosomal chimerism in heifers　

whose external genitalia were almost normal in 

appearance.  However, karyotyping is time-consum-

ing and it is difficult to determine the presence of a 

low XY leukocyte count of less than 1％.  In contrast, 

chromosomal chimerism analysis by PCR amplifies 
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with high-sensitivity male-specific DNA in peripheral 

leukocytes, while the population of XY leukocytes to 

XX leukocytes cannot be estimated.  Previous re-

ports have shown that PCR amplification of Y-

chromosome-specific repetitive sequences allowed 

the detection of 0.1 to 0.05％ male blood in female 

blood (Olsaker et al., 1993; Ennis et al., 1999).  

Chromosomal chimerism analysis in which a highly 

repetitive Y-chromosome-specific sequence was am-

plified by LAMP, also detected the existence of 

0.01% XY leukocytes in female blood.  The result indi-

cates that this procedure is able to detect down to a 

level of 1/10000 XY leukocytes and has the same or 

higher sensitivity than PCR-based procedures.

　The accuracy of sex chromosomal chimerism 

analysis by LAMP was verified with samples from 

heterosexual twin females.  In all examined calves, 

there was no contradiction among results by karyo-

typing, PCR, and LAMP analysis.  To date, it has 

been confirmed that four non-chimeric heifers 

showed estrus and gave birth after AI.  Furthermore, 

no XX leukocytes based on karyotyping were found 

in three male partners of non-chimeric female calves, 

except one whose male partner was not examined.  

An examination of ovarian function or fertility is re-

quired for definitive diagnosis of freemartin because 

fertile chimeric cows from heterosexual twins infre-

quently exist (Eldridge and Blazak, 1977).   How-

ever, the results obtained here indicate that the sex 

chromosomal chimerism analysis with LAMP is avail-

able for rapid examination of freemartin in the field.

　In Chapter 2, the results showed the applicability 

of the embryo sexing procedure with LAMP for sex 

chromosomal chimeras analysis.  This procedure is 

useful for rapid examination of freemartin in hetero-

sexual twin females.  Therefore, instead of karyotyp-

ing and PCR, LAMP is recommended for identifying 

freemartins, which are clinically questionable, to pre-

vent an economic loss and a loss of important ge-

netic material.

Summary

　In this chapter, a cattle embryo sexing procedure 

with LAMP was applicated for sex chromosomal chi-

merism analysis in heterosexual twin female calves.  

Peripheral blood was used for the amplification of 

male-specific DNA, derived from XY leukocytes.  

When blood samples were diluted 1:1000 in LAMP 

reaction mixture, hemoglobin or blood coagulation 

did not influence the turbidity measurement of the 

reaction mixture for detection of amplified DNA.  

This procedure detected the existence of XY leuko-

cytes of 0.01% in female blood.  Furthermore, all het-

erosexual twin female calves, bearing sex 

chromosomal chimerism based on karyotyping and 

PCR, showed male-specific DNA from peripheral 

blood by LAMP.  These results indicated that the cat-

tle embryo sexing procedure with LAMP was avail-

able for sensitive detection of sex chromosomal 

chimerism.  This procedure made it possible to de-

tect easily Y-chromosome specific DNA in a short 

time compared with PCR, and was convenient for 

field application of freemartin diagnosis.
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Chapter 3

Sexing of water buffalo (Bubalus bubalis ) embryos using LAMP

Introduction

　Water buffaloes (Bubalus bubalis ), which are 

adapted to hot-humid tropical climatic conditions, 

are important livestock for multiple purposes (e.g. 

milk and meat production and farm power) in agricul-

tural production.  However, water buffaloes have low 

reproductive efficiency, and their production capac-

ity has not been sufficiently utilized.

　Predetermination of the sex of offspring is very im-

portant for livestock farming and genetic improve-

ment in the family Bovidae.  In cattle, embryo sexing 

based on detection of Y-chromosome-specific se-

quences has been used to predict the sex of 

offspring.  PCR enables amplification of a target se-

quence from a small number of blastomeres (Thibier 

and Nibart, 1995; Chen et al., 1999; Shea, 1999; 

Chrenek et al., 2001; Garcia, 2001; Virta et al., 

2002).  Some sexing procedures for cattle embryos 

are applicable for water buffaloes (Appa Rao et al., 

1993; Manna et al., 2003), but Y-chromosome-spe-

cific sequences in water buffaloes have not yet been 

fully investigated (Appa Rao and Totey, 1999; Horng 

et al., 2004).

　In Chapter 1, the author described a rapid cattle 

embryo sexing procedure employing LAMP.  It is 

noteworthy that LAMP does not need special rea-

gents and electrophoresis to detect the amplified 

DNA.  Embryo sexing based on LAMP is thus more 

suitable for field application than PCR.  However, the 

procedure used to detect a cattle Y-chromosome-spe-

cific sequence, S4 (Kageyama et al., 2004), is not ap-

plicable to water buffaloes, perhaps due to genetic 

variation between these genera.

　The objective of the study in Chapter 3 was to iden-

tify a Y-chromosome-specific sequence in water buf-

faloes and to establish an efficient procedure for 

embryo sexing using LAMP.

Materials and methods

Preparation of fibroblasts and extraction of genomic 

DNA

　The biopsied ear skin from a 5-year-old male and a 

9-year-old female swamp buffaloes (Bubalus bubal-

is ) was cultured in Dulbeccoﾕs modified Eagle me-

dium (DMEM, Gibco) supplemented with 10％ FCS 

(Roche Diagnostics, Tokyo, Japan) and penicillin-

streptomycin under a humidified atmosphere of 5％ 

CO2 in air at 37℃.  After five passages, confluent 

cells were frozen in DMEM supplemented with 10％ 

DMSO, 20％ FCS and penicillin-streptomycin until 

use.  Frozen-thawed fibroblasts were washed with 

Dulbecco’s PBS and genomic DNA was extracted us-

ing QIAamp DNA Mini Kit (QIAGEN).  Genomic 

DNA of a male (Murrah) and a female (F1, Murrah-

Chinese local breed) river buffaloes (age was un-

known) was extracted from blood lymphocytes us-

ing Flexi Gene DNA Kit (QIAGEN).

Sequencing of BRY.2 homologue in water buffaloes

　The homologues of bovine repeat Y-associated.2 

(BRY.2, Accession Number M74507) (Matthews and 

Reed, 1992) in water buffaloes, i.e. swamp buffalo re-

peat Y-associated.2 (sBuRY.2) and river buffalo re-

peat Y-associated.2 (rBuRY.2), were cloned and 

sequenced.  The PCR was performed in a 40 ml reac-

tion mixture containing 0.6 mM primers and the tem-
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plate using HotStarTaq Master Mix Kit (QIAGEN).  

The sequences of BRY.2 specific primers were 

forward: 5’-TTTTCGGGATCATCCACATT-3’ and 

reverse: 5’-CACAGGGCCTATGTTTGGTT-3’.  The re-

action conditions consisted of initial denaturing at 

95°C for 15 min followed by 40 cycles of 94°C for 30 

sec, 56°C for 30 sec, and 72°C for 30 sec.  The final ex-

tension step was followed by 5 min of incubation at 

72°C.  The amplified PCR products were ligated into 

cloning vector and used to transform E. coli using 

TOPO TA Cloning kit (Invitrogen Corp., Carlsbad, 

CA, USA).  Plasmid DNA was purified using QIA-

prep Spin Miniprep Kit (QIAGEN).  DNA sequenc-

ing was performed using ABI PRISM-3700 DNA 

analyzer (Applied Biosystems, Foster City, CA, USA).

Sexing by LAMP

　The LAMP reaction was performed using a Loo-

pamp DNA Amplification Kit(Eiken Chemical).The 

DNA  was  amplified  at  a  constant  temperature of 

61℃ for 60 min in a 25 μl reaction mixture contain-

ing 1.6 μM inner primers, 0.2 μM outer primers, 

and 0.8 μM loop primers.  The amplified DNA was 

detected based on the production of a white precipi-

tate of magnesium pyrophosphate.  The turbidity of 

the reaction mixture at 650 nm was measured for 

real-time turbidity monitoring.  When the turbidity 

reached 0.1, the reaction was judged to be positive.  

The temperature control for LAMP reaction and the 

turbidity measurement were performed using a Tur-

bidimeter LA-200 (Teramecs) developed for DNA 

analysis by LAMP.
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　Sexing was conducted with a male-specific and a 

male-female common LAMP reaction.  Briefly, the 

detection of sBuRY.2 by LAMP was used for identifi-

cation of male embryos.  The male-female common 

reaction was carried out using water buffalo 12S 

rRNA (Accession Number AJ457159) as a control 

reaction.  The primer sequences are shown in Table 

5.  DNA samples extracted from fibroblasts or blasto-

meres were divided into two tubes; one for male-spe-

cific reaction and the other for male-female common 

reaction.  When both of these reactions were posi-

tive, the sex was judged as male.  Conversely, when 

only the common reaction was positive, the sex was 

judged as female.  No interpretation could be made 

in the absence of a positive common reaction.

In vitro embryo production

　Water buffalo embryos were produced by interspe-

cies nuclear transfer (NT).  Cattle (Bos taurus ) 

cumulus-oocyte complexes (COCs) collected from 

slaughterhouse-derived ovaries were cultured in vi-

tro for 22 h at 39℃ under a humidified atmosphere 

of 5％ CO2 in air in IVMD-101 medium (Research In-

stitute for the Functional Peptides).  Swamp buffalo 

fibroblasts at 50 to 70％ confluency were cultured for 

further 4 to 5 days in DMEM supplemented with 

0.5％ FCS and penicillin-streptomycin (serum 

starvation).  The micromanipulation of donor cells 

and oocytes was performed in drops of modified 

TALP medium (Bavister et al., 1983) containing 

0.1％ BSA (Sigma).  After in vitro maturation, COCs 

were stripped of their cumulus cells by vortexing in 

PBS containing 0.1％ hyaluronidase (Sigma) for 5 

min.  Zonae pellucidae of oocytes were cut with a 

fine glass needle.  The oocytes were enucleated by 

pushing out the first polar body and the metaphase 

II plate in a small amount of surrounding cytoplasm 

in medium supplemented with 5 μg/ml of cytochala-

sin B (Sigma).  A single donor cell was inserted into 

the perivitelline space of the enucleated oocytes us-

ing a glass pipette.  Recipient oocyte-cell complexes 

were pulsed with two direct current electric pulses 

of 20 V/150 μm for 50 μsec with a 1-sec interval in 

Zimmermann’s fusion medium (Zimmermann and Vi-

enken, 1982).  Recipient oocytes were then treated 

with 10 μg/ml of cycloheximide (Sigma) for 5 h.  

Embryos derived from NT were cultured in IVD-101 

medium (Research Institute for the Functional Pep-

tides) for 3 days at 39℃ in 5％ CO2 and 5％ O2.

Experiment 1: sensitivity of sexing by LAMP

　Amplification of DNA by LAMP was carried out at 

various concentrations of genomic DNA (0.1 to 100 

pg/reaction) to estimate the sensitivity of detection.  

The templates were incubated for 5 min at 95℃ and 

cooled on ice before they were added to the reaction 

mixture for LAMP.

　One to five cells of a male swamp buffalo fibro-

blast were examined by LAMP-based sexing.  Fibro-

blasts were collected under a stereoscopic 

microscope and incubated in 12 μl of distilled water 

for 5 min at 95℃ (heat method) or in 12 μl of 25 

mM NaOH for 5 min at room temperature (NaOH 

method).  Aliquots (5 μl) of the sample solutions 

were used as templates for the male-specific reaction 

and the male-female common reaction, respectively. 

 Reactions in which the turbidity reached 0.1 within 

45 min were judged as positive.  Five replicates were 

carried out for each number of cells.

Experiment 2: embryo sexing

　Zonae pellucidae of 8 to 16-cell stage interspecies 

NT embryos were removed using a holding pipette 

and a glass needle attached to a micromanipulator.  

Blastomeres were separated by pipetting them in 

Ca2+- and Mg2+-free Dulbeccoﾕs PBS, supplemented 

with 1 mg/ml polyvinyl-pyrrolidone (Sigma).  The 

DNA was extracted by the NaOH method, and 5 ml 

aliquots of the sample solutions were used as tem-

plates for the male-specific reaction and the male-fe-
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male common reaction, respectively.  Reactions in 

which the turbidity reached 0.1 within 45 min were 

judged as positive.

Results

Sequencing of BRY.2 homologue in water buffaloes

　Sequence analysis of sBuRY.2 (447 bp) and 

rBuRY.2 (447 bp) revealed 88.0 and 88.4％ homol-

ogy with BRY.2, respectively (Figure 7).  The homol-

ogy between sBuRY.2 and rBuRY.2 was 98.4％.
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Experiment 1: sensitivity of sexing by LAMP

　The minimal amount of the template required for 

LAMP of male-specific DNA appeared to be 0.1 to 1 

pg for both swamp and river buffaloes (Figure 8).  

Male-female common DNA was detected when 1 to 

10 pg of DNA was used as the template for swamp 

and river buffaloes.  The turbidity of mixtures in posi-

tive reactions reached 0.1 within 15 to 40 min.

Male-specific DNA was detected in 100％ of samples 

extracted from 5 cells of fibroblasts with the heat 

method, but the rate of detection of male-female com-

mon DNA in corresponding samples was 60％ (Ta-

ble 6).  When DNA of fibroblasts was extracted with 

the NaOH method, the minimal cell number re-

quired for detection of both types DNA appeared to 

be 2 cells.
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Experiment 2: embryo sexing

　Embryo sexing was performed using blastomeres 

from interspecies NT embryos (Table 7).  Out of 125 

total samples, male-female common DNA was de-

tected in 122 (98％) samples, except that 3 samples 

(in 1 to 3 blastomeres) from female embryos failed 

to amplify the target DNA.  The samples, which 

were detected male-female common DNA, were 

judged their sex based on presence or absence of 

male-specific DNA.  All male-specific reactions pro-

duced detectable amplification products when male 

embryos were used as the template, except that no 

amplification was observed in two of the samples ex-

tracted from 1 blastomere.  No male-specific DNA 

was amplified from female embryos, and the sex was 

correctly determined.  The sex determined from the 

blastomeres corresponded with the sex of the nu-

clear donor cells used for NT in which the analyses 

were performed using 4 or 5 blastomeres as the 

templates.

Discussion

　Repetitive sequences located on the Y-chromo-

some are ideal for the development of sensitive sex-

ing procedures based on DNA amplification 

(Bradbury et al., 1990; Peura et al., 1991; 

Kageyama et al., 2004).  A bovine Y-chromosome se-

quence, BRY, was identified as a repetitive sequence 

and has been reported to be conserved in sheep, 

goat, and deer (Matthews and Reed, 1991; Matthews 

and Reed, 1992).  In water buffalo, Appa Rao and To-

tey (1999) reported a BRY.1 homologue sequence 

(BuRY.I) and developed a PCR procedure for em-

bryo sexing using specific primers for BuRY.I.  The 

BRY.2 is a larger fragment of 3.7 kb, which was iso-

lated as a male-specific sequence including a region 

homologous to BRY.1 (Matthews and Reed, 1992).

　In this study, we identified partial sequences of a 

BRY.2 homologue in swamp and river buffaloes that 

originated in regions different from BuRY.I, and des-

ignated them sBuRY.2 and rBuRY.2, respectively.  

The BuRY.2 was highly conserved between swamp 

and river buffaloes, despite the fact that these spe-

cies have different karyotypes (swamp type, 2n = 48; 

river type, 2n = 50) and have significant genetic dif-

ferentiation (Harisah et al., 1989; Barker et al., 

1997).  Therefore, the author inferred that BRY-like 

sequences in the family Bovidae have remained 

stable.

　Both male-specific (sBuRY.2) and male-female 

common (12S rRNA) DNA was detected by LAMP.  

Heat treatment has been used to extract DNA from 

embryos (Thibier and Nibart, 1995; Park et al., 

2001).  However, accurate results were not obtained 

in the sexing using heat-denatured fibroblasts be-

cause of inadequate sensitivity of the male-female 

common reaction.  In contrast, when DNA was ex-
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tracted from fibroblasts by the NaOH method, the 

sex was correctly determined using the templates 

from as few as 2 cells.  A rapid and reliable DNA ex-

traction method is important for the development of 

convenient genetic analysis procedures, and the 

NaOH method is suitable for LAMP because it does 

not inhibit the LAMP reaction and is an extremely 

simple procedure.  The LAMP reaction required 

only about 45 min, and the total time required for em-

bryo sexing, including DNA extraction, was about 1 

h.  The procedure made it possible to determine the 

sex in a short interval compared with PCR-based pro-

cedures (Appa Rao et al., 1993; Appa Rao and Totey, 

1999).

　Water buffaloes have poor reproductive perform-

ance due to low follicle numbers and a weak supero-

vulatory response compared to cattle (Le Van Ty et 

al., 1994).  The limitation of the availability of buf-

falo oocytes contributes to the low efficiency of the 

production of embryos in vivo and in vitro .  Thus, 

interspecies NT using cattle oocytes may become an 

effective way to produce embryos in water buffaloes 

(Kitiyanant et al., 2001; Saikhun et al., 2002; Atabay 

et al., 2004; Saikhun et al., 2004).  In this study, in or-

der to demonstrate the usefulness of the LAMP-

based sexing procedure, the author performed sex-

ing using blastomeres of interspecies NT embryos 

(reconstructed with nuclear of swamp buffalo and 

cattle oocyte).  A recent report showed that recipient 

cytoplasm derived from water buffalo and cattle has 

similar ability of cleavage and blastocyst develop-

ment in somatic cell cloning of water buffalo 

(Saikhun et al., 2002), and thus, it is thought that 

the interspecies NT embryos are useful as a model 

for embryo sexing in water buffaloes.  The LAMP-

based embryo sexing procedure showed sufficient 

sensitivity and accuracy for swamp buffalo NT 

embryos.  Based on the present results, it can be 

used for sexing of in vivo and in vitro developed 

embryos as well as NT embryos.  In addition, the 

amount of genomic DNA required for the detection 

of BuRY.2 did not differ between swamp and river 

buffaloes.  This was consistent with the high homol-

ogy between sBuRY.2 and rBuRY.2; therefore, the 

author concluded that the procedure is applicable for 

embryo sexing in both swamp and river buffaloes.

　In the present procedure, the reaction to amplify 

river buffalo mitochondrial 12S rRNA gene (Girish et 

al., 2004) was used as the control reaction.  This re-

action made it possible to confirm the absence of 

blastomeres in sample collection tubes, and thus 

false judgments of samples (determined to be fe-

male) were excluded.  Even though swamp buffalo fi-

broblasts were used as templates, 12S rRNA was 

amplified with high sensitivity.  Therefore, the con-

trol reaction amplifying 12S rRNA was available for 

embryo sexing in both swamp and river buffaloes. 

　It has been reported that the mitochondrial DNA 

from a donor cell for NT is eliminated during early 

embryonic development (Takeda et al., 1999).  

Thus, the genotype of mitochondrial DNA from re-

cipient oocytes may become the dominant category 

of mitochondrial DNA in blastomeres of early NT 

embryos.  In this study, although interspecies NT 

embryos were reconstructed with cattle oocytes, 12S 

rRNA was detected accurately from blastomeres.  

The 12S rRNA sequence of water buffalo (Accession 

Number AJ457159) and cattle (Accession Number 

AJ849533) had 93.5% homology. Therefore, the 

author inferred that the water buffalo 12S rRNA-spe-

cific primers were useful as the control reaction for 

both Bubalus bubalis and Bos taurus .

　In conclusion, the author identified Y-

chromosome-specific sequences in water buffaloes 

and established an efficient procedure for embryo 

sexing with LAMP.  In this chapter, the applicability 

of LAMP for embryo sexing was shown in domestic 

animals other than cattle.  The author believe that 

this procedure will enhance the production effi-

ciency of animals and promote animal breeding.
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Summary

　LAMP is a novel DNA amplification method that 

amplifies a target sequence specifically under iso-

thermal conditions.  The objective of the study in 

this chapter was to identify a Y-chromosome-specific 

sequence in water buffaloes and to establish an effi-

cient procedure for embryo sexing by LAMP.  The 

homologs of a Y-chromosome-specific sequence, bo-

vine repeat Y-associated.2, in swamp and river buffa-

loes were cloned, and designated swamp buffalo 

repeat Y-associated.2 and river buffalo repeat Y-

associated.2, respectively.  Sexing by LAMP was per-

formed using primers for swamp buffalo repeat Y-

associated.2.  12S rRNA was also amplified by LAMP 

as a control reaction in both male and female.  The 

minimal amount of the template DNA required for 

LAMP appeared to be 0.1 to 10 pg.  The sensitivity 

was further examined using swamp buffalo fibro-

blasts as the templates.  When fibroblasts were lysed 

with NaOH, the minimal cell number required for de-

tection of both male-specific and male-female com-

mon DNA appeared to be 2 cells, while the correct 

sex determination could not be achieved using fibro-

blasts lysed by heat denaturation.  Embryo sexing 

was also performed using blastomeres from interspe-

cies nuclear transfer embryos.  The sex determined 

by LAMP for blastomeres corresponded with the sex 

of nuclear donor cells in analyses using ≧4 blasto-

meres as the templates.  The LAMP reaction re-

quired only about 45 min, and the total time for 

embryo sexing, including DNA extraction, was about 

1 h.  These results show that the present procedure 

without thermal cycling and electrophoresis is reli-

able and applicable for water buffalo embryos.




