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ABSTRACT. We examined the cytogenetics of mithun (Bos 
frontalis), a domesticated version of the Asian gaur, and hybrids (F1 
generation) produced by artificial insemination of Brahman cows 
(Bos indicus) with mithun semen. Reproductive potential was also 
examined in the F1 generation and a backcrossed heifer for utilization 
of heterosis. Metaphase chromosome spreads were examined 
by conventional staining and fluorescence in situ hybridization 
hybridized with the entire chromosome 1 of mithun as a specific 
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probe. Chromosome 1 of mithun was found to be equivalent to Bos 
taurus chromosomes 2 and 28. The karyotype of the female mithun 
(N = 4) comprised 58 chromosomes, including 54 acrocentric and 
four large submetacentric chromosomes, without the four acrocentric 
chromosomes found in the domesticated species B. indicus. However, 
one of the four female mithuns with a normal mithun phenotype had 
an abnormal karyotype (2n = 59), indicating introgression from B. 
taurus or B. indicus. The F1 karyotypes (N = 6, 3♂3♀) of the mithun 
bull × Brahman cow cross had 2n = 59, intermediate between their 
parents; they were consistent heterozygous carriers with a centric 
fusion involving rob(2;28), as expected. Two pronounced red signals 
were seen in the mithun karyotypes, three red signals in the mithun 
× Brahman hybrids, and four red signals in the Brahman cattle, in 
good agreement with centric fusion of bovine rob(2;28). The female 
backcross hybrid (N = 1) with 2n = 59 had a similar chromosome 
configuration to the F1 karyotypes and had rob(2;28). Such female 
backcross hybrids normally reproduce; however, the F1 bulls (N = 3) 
had not yet generated normal sperm at 24 months.

Key words: Karyotype; Mithun (Bos frontalis); Rob(2;28);
Brahman cow (Bos indicus); Hybrids of mithun x Brahman

INTRODUCTION 

Extant Bovidae species include domestic cattle (Bos indicus and Bos taurus), java or 
banteng (Bos javanicus), yak (Bos grunniens), gaur (Bos gaurus), mithun (Bos frontalis), and 
many kinds of hybrids among the genus Bos crossings, of which their close relationship is due 
to the Robertsonian translocations of bovine chromosomes. Robertsonian translocations have 
been documented, such as rob(15;25), rob(1;29), rob(2;28), rob(15;25), rob(7;21), rob(4;20), 
rob(16;18), rob(16;20), rob(4;10), and so on. Of the Robertsonian translocations, rob(1;29) 
and rob(2;28) were the most common, which were considered as ancient origin with reduced 
fertility (subfertility) in the heterozygous carriers (Gustavsson, 1969; Blazak and Eldridge, 
1977; Popescu, 1990; Rubes et al., 1999; Vadhanakul et al., 2004).

In China, mithun called “Dulong cattle” by the Dulong people, inhabit the rain-
forests of the Gaoligongshan Mountains and Drung River Basin, feeding on bamboo and 
various leaves of trees and shrubs (Figure 1A, B). The current population is less than 3000 
individuals in the Yunnan Province. Thus, Dulong cattle was listed in the 130th NOTICE 
of the “Directory of National Livestock and Poultry Genetic Resources Protection” by 
the Chinese Minister of Agriculture in August 2000. Phenotypic characteristics of Dulong 
cattle are the same as those of Thai gaur, Indian gaur and Malayan gaur (Lekagul and 
McNeely, 1977, 1988; Kakampuy et al., 2007), of which coat colors are dark brown near 
to that of buffalo’s with respect to the presence of a distinct spinous dorsal ridge but not 
an indicine (zebu) hump and feet with white stockings (Figure 1C, D). A bulging forehead 
ridge above the nose and a pair of wide and short ears distinguish them from domestic 
cattle (He et al., 2009a).



133

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 11 (1): 131-140 (2012)

Karyotype of B. frontalis and mithun bull x Brahman hybrids

It is well known that the normal karyotype of mithun (B. frontalis) is close to the gaur 
karyotype (2n = 58), consisting of 27 pairs of acrocentric chromosomes, one pair of submeta-
centric chromosome and the submetacentric sex chromosomes. An abnormal karyotype (2n 
= 57) from a female gaur instead of normal 2n = 58 or 2n = 56 has been reported (Kakampuy 
et al., 2007). The aim of this study was to determine the cytogenetic chromosome rearrange-
ments of mithun and the hybrids produced by artificial insemination (AI) through mithun 
semen crossed Brahman (introduced from Australia), involving centric fusion in the F1 genera-
tions. Also discussed is the reproductive potential of the F1 generation and a backcross heifer 
(Brahman bull x F1 female) for the utilization of heterosis.

MATERIAL AND METHODS 

Animals

Brahman cows grazed throughout the year on the Xiaoshao Farm of Yunnan Academy 
of Grassland and Animal Science, Kunming, China, which were fed on whole corn silage 
supplemented with CaH2PO4, urea and soybean or rapeseed meal during the 6 months of the 
winter-spring period. After natural mating and following pregnancy diagnosis, nulliparous and 
multiparous healthy Brahman cows were selected to be submitted to synchronous estrus and 
AI, which had body weights ranging from 350 to 550 kg at the age of 5-12 years. Estrus onset 
in cows was checked three times daily during the daytime after removal of the progesterone 

Figure 1. Residential surroundings and phenotype of mithun. A. Residential surroundings and regenerated forests. 
B. Eating leaves. C. Mithun bull. D. Mithun cows with white stockings.
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suppository for 12-76 h to confirm the optimum AI time (He et al., 2008). The desirable-onset 
cows were serviced twice using 0.25 mL frozen straw semen. About 90 days later, pregnancy 
diagnosis was done by hand. 

Medicine and reagents 

The following materials were obtained as noted: CUE-MATETM with progesterone 
suppository (2nd-Generation CIDR containing 1.56 g progesterone; Duirs PfarmAg Ltd., 
Newsland), cloprostenol (each 0.2 mg, Shanghai Institute of Planned Parenthood Research, 
Shanghai), PGF2α (Pharmacia & Upjohn Company, USA), FSH (Denka Pharmaceutical Co. 
Ltd., Japan), and DAPI staining solution and cy3-avidin (Beyotime Co. Ltd., Shanghai). 

Frozen straw semen 

The mithun semen straws were produced by the Yunnan Domestic Animal Frozen Semen 
Station, China (each frozen straw of 0.25 mL, Lot No. 19990311), of which live sperm count was 
0.60 and thaw-progressive activity was 0.34 (He XC et al., 2000; He Z et al., 2008, 2009b).

Sampling

Peripheral blood samples from the jugular vein or tail artery (5 mL) were collected from 
four female mithuns (4♀), six F1 hybrids (3♂3♀) of mithun × Brahman cow through AI, and one 
backcross hybrid (1♀), which was reared on the Xiaoshao Farm. The mithuns were introduced 
from the Phoenix Mountains and Gaoligongshan Moutains, Nujiang Prefecture; the only areas in 
China that mithun inhabit. The samples were kept in 10-mL vacuum tubes containing heparin to 
prevent blood clotting, placed in a mixing ice-bottle to take back to the laboratory.

Cell culture and preparation

Cell culture and preparation of metaphase chromosome spreads were done according 
to previously reported methods (Liu et al., 1996; Zhao et al., 2007; Peng et al., 2010). The 
bovine chromosomes were arranged by means of the GENUS software (version 4.0) based on 
the chromosome size gradient and numbered from the largest to smallest.

Fluorescence in situ hybridization (FISH)

Chromosome painting with whole chromosome 1 of mithun was used as a specific 
probe hybridized described by Chi et al. (2005). FISH protocol was performed essentially 
as described by Ropiquet et al. (2008), Peng et al. (2010), and Mao et al. (2010). The 
probe was denaturated at 70°C for 10 min, and annealing was done for 30 min at 37°C. 
Chromosome preparations were denaturated in 70% formamide at 65-67°C for 1.5 min and 
quenched in 70% ice-cold ethanol (precooled in -20°C freezer) for 1 min. Slides were de--20°C freezer) for 1 min. Slides were de-20°C freezer) for 1 min. Slides were de-
hydrated in ethanol series (70, 90 and 100%) for 2 min in each, and dried at room tempera-
ture. Hybridization was carried out in a humid box overnight at 37°C. Posthybridization, 
the slides were washed once at 45°C in 2X SSC for 2-5 min and 50% fomamide solution, 
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and then washed twice in 2X SSC for 5 min and once in 4X T (200 mL 4X SSC, 100 µL 
Tween-20, mixed and subdivided into 4 staining jars). Later, 100 µL cy3-avidin was placed 
on the chromosome preparations, and the slides were covered with plastic films and incu-
bated at 37°C for 20 min; the membranes were then removed, and the slides were washed 
three times in 4X T for 5 min at room temperature, and quenched with DAPI. For FISH, 
biotin-labeled probes were visualized by cy3-avidin (final concentration 1 �g�m�� Amer-�g�m�� Amer-g/mL; Amer-
sham). Slides were examined and photographed using a microscope under the GENUS 
software for image capture and analysis.

RESULTS

Cytogenetic observation 

The karyotype of the female mithun consisted of 58 chromosomes, including 54 ac-
rocentric and four large submetacentric chromosomes (Figure 2A, B), which were devoid of 
four acrocentric chromosomes compared to those of domestic B. indicus. Surprisingly, one of 
the four female mithuns with a normal mithun phenotype had an abnormal karyotype of 2n = 
59 instead of the normal 2n = 58 (Figure 2C, D).

Figure 2. Karyotype of female mithun, 2n = 58 and 2n = 59. A. B. Normal karyotype of mithun, 2n = 58. C. D. 
Abnormal karyotype of mithun, 2n = 59.

The F1 karyotypes of mithun × Brahman cow had 2n = 59, intermediate between their 
parents; they were consistent heterozygous carriers with a centric fusion involving chromo-
somes 2 and 28, as expected (Figure 3A-F), which consisted of 57 acrocentric (Y-chromosome 
was the smallest acrocentric) and two large submetacentric chromosomes in the F1 bulls, while 
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consisting of 56 acrocentric and three large submetacentric chromosomes in female heifers 
containing two submetacentric X-chromosomes.

Figure 3. F1 hybrid of mithun x Brahman cow, and karyotypes of the F1 generation. A. B. Brahman cow and the F1 
calf of mithun x Brahman cow. C. D. Karyotype of the F1 bull. E. F. Karyotype of the F1 heifer. 

FISH analysis 

FISH analysis using the whole chromosome 1 of mithun as a specific probe was per-
formed to indicate the karyotype arrangements of mithun and their hybrids of mithun × Brah-
man. The whole chromosome 1 of mithun (B. frontalis) in this study was equivalent to B. 
taurus chromosomes 2 and 28 (Chi et al., 2005). Two pronounced red signals were seen in the 
karyotypes of mithun, and three red signals in the hybrids of mithun x Brahman, while four red 
signals in Brahman cattle (Figure 4A-D), in good agreement with the centric fusion of bovine 
rob(2;28) (Gallagher Jr. and Womack, 1992; Chi et al., 2005; Ropiquet et al., 2008), and exclu-
sive rob(1;29) due to very low incidence of rob(1;29) in Brahman cattle (De Luca et al., 2002). 

Karyotype of female backcross hybrid

The female backcross hybrid with 2n = 59 had a similar chromosome configuration as F1 
karyotypes and underwent rob(2;28) based on conventional staining and FISH analysis (Figure 5A-D).
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Figure 4. FISH analysis of the whole chromosome 1 of mithun in metaphase. A. B. Karyotype of mithun cow with 
FISH painting (blue and red). C. D. FISH painting and rob(2;28) (red) hybridized by the whole chromosome 1 of 
mithun in metaphase of the female F1 hybrid (2n = 59). The chromosomes were counterstained with DAPI (blue); 
the following is the same.

Figure 5. Karyotype of female backcross hybrid. A. B. Karyotype of female backcross with conventional staining. 
C. D. FISH painting of the whole chromosome 1 of mithun in metaphase of the female backcross (2n = 59) (red).
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DISCUSSION

The bovid chromosome evolution had a common primitive karyotype of 58 acrocen-
tric autosomes and two sex chromosomes like domestic cattle, yak, domestic goat, and many 
other bovids (Wurster and Benirschke, 1968; Buckland and Evans, 1978). Since Gustavsson 
reported rob(1;29) in Swedish Red and White cattle by measuring the chromosome length 
(Gustavsson and Rockborn, 1964; Gustavsson et al., 1976), more than 25 centric fusions (Rob-
ertsonian translocations) have been found in more than 50 cattle breeds (Long, 1985; Popescu, 
1990). Gallagher Jr. and Womack (1992) reported that the gaur and domestic cattle possessed 
common homologous chromosomes by Q-banding. The submetacentric autosomes of gaur 
(B. gaurus) were characterized as rob(1;29) and rob(2;28) originating from centric fusions of 
chromosomes 1 and 29, or 2 and 28 (Berland et al., 1988; Riggs et al., 1997; Mastromonaco et 
al., 2004; Kakampuy et al., 2007; Abdullah et al., 2009).

Modi et al. (1996) confirmed that bovine satellite I DNA of gaur chromosomes and the 
biarmed autosomes had less satellite I DNA than did the other acrocentric autosomes. Tanaka 
et al. (2000) surmised rob(2;28) chromosome in Vietnamese cattle by conventional and FISH 
staining, but it was unclear if the animal they used was a hybrid of cattle and gaur. Herein, we 
yielded interspecies crossbreeding calves between mithun semen and Brahman cow through 
AI. Both the chromosome numbers and FISH analysis supported the potential of interspecies 
crossing between B. frontalis and B. indicus (Winter et al., 1986, 1988). In addition, the F1 hy-
brids showed significant vigor with larger body and superior growth performances compared 
to their parents (He et al., 2008).

Recently, in Southeast Asia, the arrangements of rob(1;29) were found in Malayan gaur 
(B. gaurus hubbacki) and captive Thai gaur (B. gaurus readei) (Kakampuy et al., 2007; Abdul-
lah et al., 2009), while the arrangement of rob(2;28) was found in Vietnamese yellow cattle (B. 
taurus) (Tanaka et al., 2000). Then, the arrangement rob(2�28) was confirmed to happen in the 
interspecies crossing between mithun (B. frontalis) cross Brahman cow (B. indicus) based on the 
karyotypes and FISH by using the specific probe of whole chromosome 1 of mithun.

The habitation, distribution, edibility, and phenotype of mithun (B. frontalis) are similar 
to the gaur (B. gaurus). The karyotypes of mithun showed two rearrangement patterns, 2n = 58 
and 2n = 59, which indicated that there had been a certain degree of introgression from B. taurus 
or B. indicus (Gou et al., 2010; Tanaka et al., 2011; Baig M, Mitra B, Qu KX, Peng MS, et al., un-
published data) due to the availability of freely grazing mithun and yellow cattle together and no 
reproduction isolation between mithun and yellow cattle in Southeast Asia (Payne and Hodges, 
1997; He et al., 2008). Thus, it is suggested that mithun conservation be reinforced selection to 
exclude the hybrids of mithun x yellow cattle or yellow cattle x mithun and isolation from yel-
low cattle in the breeding and conservation program, and elimination of heterozygous AI bull.

Intercrossing in animal breeding is very popular, and it is possible that there was acci-
dental mating in the history of bovid species. However, chromosomal abnormalities are usual-
ly accompanied by reduced fertility in the heterozygous carriers, lower conception rates at first 
service, congenital abnormalities, or early embryonic death (Blazak and Eldridge, 1977; King 
et al., 1981; Poppesu, 1990; Vadhanakul et al., 2004). In such case, the female F1 normally 
reproduced with whatever crossed in our observation even if grazing together or by AI. How-
ever, the F1 bulls did not produce semen normally at the age of 15 and 24 months, as assessed 
by electroejaculation, while other cattle breeds produce normal sperm at the same ages, in full 
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accord with the male hybrids of mithun × siri (B. indicus) (Winter et al., 1986, 1988). Further 
tracing of the fertility and spermatogenesis of the F1 sires with their growth is in progress.
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