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Maternally inherited mitochondrial DNA (mtDNA)
analysis is a valuable tool for investigating intraspeciûc
variation, population structure, evolution, phylogeny and
phylogeography in animals (Cozzi et al. 2004, Blancher et
al. 2008). The mtDNA control region is useful for genetic
profiling analysis. By sequencing the mtDNA D-loop, Jia et
al. (2010) found that cattle from 6 Asian countries fell into 3
groups (Bos taurus, Bos indicus, and Bos grunniens). Studies
were carried out using mtDNA D-loop analysis in genetic
diversity and conservation (Ginja et al. 2010, Berthouly et
al. 2010), and phylogeny and phylogeography (Kumar et al.
2007). Tibetan Yellow cattle are distributed in the highland
region of yaks, and therefore crossbreeding may occur during
evolution or natural breeding. Yu et al. (1999) reported the
introgression of yak genes into local Yellow cattle population
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ABSTRACT

The objective of this study was to investigate the possible introgression of highland yak (Bos grunniens) into Tibetan
Yellow cattle (Bos taurus) based on milk protein and mtDNA D-loop analysis. Tibetan Yellow cattle (43) were used to
assay polymorphisms of ß-lactoglobulin (ß-Lg) and to extract genomic DNA for the PCR amplification of mtDNA D-
loop. Native polyacrylamide gel electrophoresis (PAGE) of milk ß-Lg showed that 3 milk samples exhibited the yak-
specific ß-Lg E variant among the 43 milk samples tested. mtDNA D-loop sequences were successfully amplified by
PCR using genomic DNA extracted from milk. A total of 16 sequences of the mtDNA D-loop were obtained for analysis,
which contained 133 variable sites (97 parsimony-informative sites and 36 single sites) and defined 15 different
haplotypes. The 3 Tibetan Yellow cattle carrying ß-Lg E variant were exactly clustered with yak when mtDNA D-loop
sequences were employed for cluster analysis, while other yaks assayed (13) clustered with cattle. This research
demonstrated that there existed matrilineal introgression of yak during the evolution or natural breeding of Tibetan
Yellow cattle population on Qinghai-Tibet plateau.
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at Yunnan province in China, by PCR-RFLP analysis.
Introgression between other cattle species was also reported
(Halbert and Derr 2007, Berthouly et al. 2010). Jiulong
Tibetan Yellow cattle is an excellent Yellow cattle breed
adapted to the unique hypoxic environment of Qinghai-Tibet
plateau, with the number of only about 50000. The aim of
this study was to investigate the genetic diversity of mtDNA
D-loop hypervariable region and polymorphisms of ß-
lactoglobulin (ß-Lg) in Jiulong Tibetan Yellow cattle, in order
to evaluate its potential genetic relationships to yak, which
will be useful for the breeding and preservation of this breed.

MATERIALS AND METHODS

Experimental cattle and sampling: Milk samples (43) were
collected from Jiulong Tibetan Yellow cattle at mid-lactation.
The experimental cattle were reared at Jiulong County of
Sichuan Province in China. The habitat of the experimental
Tibetan Yellow cattle is located at the main distribution region
of Jiulong yaks (a yak breed in China), with an altitude of
approximate 3500 m. All milk samples were stored at –80°C
until analysis. Five milk samples were collected from Jiulong
yaks for electrophoresis comparison. The experiment was
conducted according to the guidelines of Chinese government
for the use of experimental animals and EC Directive 86/
609/EEC for animal experiments.
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Polymorphism analysis of milk ß-lactoglobulin: Skim milk
was prepared by the centrifugation of whole milk at 3000g
at 4°C for 20 min. Whey preparation and native
polyacrylamide gel electrophoresis (PAGE) for detecting the
polymorphism of ß-Lg was conducted as reported
(Medrano and Sharrow 1989). The relative percentages of A
and B variants of heterozygous ß-Lg were estimated
according to band intensity on the gels measured by software
of gel imager.

Western blotting of milk ß-lactoglobulin genetic variants:
Whey proteins were separated on a 14.2% native PAGE
(Medrano and Sharrow 1989) and transferred onto NC
membrane by semi-dry transfer apparatus. The membrane
was blocked in PBS containing 0.1% tween-20 and 5%
bovine serum albumin overnight at 4°C. After 3 washes, the
membrane was incubated with the primary antibody (properly
diluted rabbit against bovine ß-Lg serum) for 1 h at RT. After
3 washes, the membrane was incubated for 1 h at RT with
the HRP-conjugated secondary antibody (1:2000). A kit was
used to detect signals on membrane.

DNA isolation from milk: Genomic DNA was isolated
from the whole milk (Amills et al. 1997) and stored at
–20°C for PCR analysis.

Amplification of mtDNA D-loop sequence: The D-loop
region of mtDNA of Tibetan Yellow cattle (16) was amplified
by PCR using 2 primers: L15737: 5'-
CTGCAGTCTCACCATCAACC-3' and Yc-R: 5' -
GGGGTGTAGATGCTTGC -3' (Loftus et al. 1994, Wu et
al. 2000). The 16 Tibetan Yellow cattle tested included all
the 5 individuals suspected carrier of ß-Lg E variant among
the 43 Tibetan Yellow cattle. The PCR condition was as
follows: one cycle of denaturation at 95°C for 3 min followed
by 35 cycles of denaturation at 94°C for 30 s, annealing at
60°C for 60 s and extension at 72°C for 60 s; a final extension
at 72°C for 10 min. PCR products were gel purified and
cloned into pMD 18-T Vector (TaKaRa) for transfection and
sequencing. For each sample at least 3 positive clones were
sequenced from both strands.

Phylogenetic analysis: The D-loop sequences of 16
Tibetan Yellow cattle were edited and aligned with reference
to the D-loop sequences of the domestic cow (Bos taurus)
(Accession No. EU281540) using DNASTAR package and
were checked manually. Three D-loop sequences each for
cattle (Bos taurus), zebu (Bos indicus) and yak (Bos
grunniens) were obtained from GenBank. Nucleotide
composition was analyzed using the computer program
MEGA 3.1 (Kumar et al. 2004). The haplotype diversity (Hd)
and nucleotide diversity (Pi) were calculated by the software
DNAsp 4.1 (Rozas et al. 2003). The Neighbor-joining (NJ)
phylogenetic tree was reconstructed on the basis of a Kimura
two-parameter model using the computer program MEGA
3.1 (Kumar et al. 2004). Levels of resolution at internal nodes
of the phylogenetic tree were evaluated by bootstrap
resampling with 1000 iterations (Felsenstein 1985).

RESULTS AND DISCUSSION

Polymorphisms of milk ß-lactoglobulin: Native PAGE
analysis showed that only 3 milk samples exhibited yak origin
ß-Lg E variant among the 43 milk samples assayed (Fig.1a).
Western blot demonstrated the identity of ß-Lg bands and
that the weakly stained band with similar mobility to ß-Lg E
variant in sample No. 4 and 34 were not ß-Lg (Fig.1b). The
genotype frequencies of AB and BB accounted for the most,
and the variant A was the dominant allele (Table 1).

Polymorphism of ß-Lg has been extensively studied and
at least 7 genetic variants were discovered, with A and B
variants dominate in Holstein (Tsiaras et al. 2005). Our result
on the gene frequency of ß-Lg B in Tibetan Yellow cattle is
similar to that of Holstein cows. The discovery of the unique
ß-Lg E variant of yak in Tibetan Yellow cattle population
(Fig.1a) clearly demonstrated the existence of gene
introgression from yak.

Table 1. Genotype and gene frequency of ß-Lg of
Tibetan Yellow cattle (n=43)

Genotype AA AB BB BE EE

Frequency 0.116 0.395 0.419 0.047 0.023
Gene A B E
Frequency 0.314 0.640 0.046

Fig. 1. Native PAGE and western blot of ß-Lg of Tibetan Yellow
cattle. Sample numbers are indicated on the top of the figures. Y1
and Y2 are yaks, others are Tibetan Yellow cattle. The letters beneath
the figures are genotypes of ß-Lg. (a) 14.2% PAGE of whey proteins
from Tibetan Yellow cattle and yak; (b) Western blot of ß-Lg.
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Band intensity analysis showed that the relative percentage
of ß-Lg A and ß-Lg B were similar (50.1±7.6% ß-Lg A vs
49.9±7.6% ß-Lg B) among the Tibetan Yellow cattle carrying
heterozygous ß-Lg (AB genotype, n=17). The level of ß-Lg
B variant is lower than A variant in bovine milk (Lum et al.
1997), which might be related to mutation in promoter of ß-
Lg B gene (Kuss et al. 2003). However, the expression of ß-
Lg A and B variants was similar in Tibetan Yellow cattle
carrying heterozygous ß-Lg. This is different from Holstein
cows, and the reason is unknown at present. We guess that
the cloning and sequencing of the promoter of ß-Lg A and B
of Tibetan Yellow cattle may help to elucidate the mechanism
of their expression difference.

Sequence analysis of mtDNA D-loop: mtDNA D-loop
sequences were successfully amplified by PCR using
genomic DNA extracted from milk (figure not shown). A
total of 16 sequences of the mtDNA D-loop of Tibetan Yellow
cattle were obtained for analysis, which comprised 914 bp.
The average base composition was 28.7% T, 24.9% C, 32.6%
A and 13.8% G, respectively. The obtained D-loop sequence
contained 133 variable sites, of which 97 parsimony-
informative sites, and 36 single sites. A total of 15 different
haplotypes were defined. The haplotype diversity (Hd) and
nucleotide diversity (Pi) calculated 0.992 and 0.03957,
respectively.

Analysis of phylogenetic tree: The results showed that 3
sequences among the 16 sequences were clustered with
yak, while all others clustered with cattle (Fig. 2). These
3 sequences exactly corresponded to the 3 Tibetan Yellow

cattle carrying ß-Lg E variant (Sample no. 12, 20, and 28
in Fig. 1).

Gene introgression between species has been reported in
cattle (Halbert and Derr 2007, Berthouly et al. 2010). Based
on mtDNA D-loop sequence comparisons, our experiment
found that Tibetan Yellow cattle have rich genetic diversity
(Hd=0.992), and most Tibetan Yellow cattle clustered with
cattle except the 3 Tibetan Yellow cattle carrying ß-Lg E
variant. This further proved that the gene introgression from
yak was matrilineal. In theory, the crossbreeding between
male yak and female Tibetan Yellow cattle (called cattle-
yak, which looks like yak) may also occur, and in this case
some of their hybrids can carry ß-Lg E variant. However,
we did not observe such individuals (ß-Lg E variant carrier
but clustered with cattle based on mtDNA D-loop analysis).
We suppose this is perhaps due to the relatively small
numbers of mtDNA D-loop being sequenced for the Tibetan
Yellow cattle.

In conclusion, the analysis of mtDNA D-loop sequence
can distinguish between Tibetan Yellow cattle carrying yak
matrilineal mtDNA genes and pure Tibetan Yellow cattle,
although they share similar appearance. This will provide
useful information for the preservation of Tibetan Yellow
cattle.
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