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ABSTRACT

Yak (Bos grunniens) is an iconic animal for the Hindu-Kush Himalayan (HKH) regions of Central Asia and
is an important source of food security and means of livelihood for people in this region. At lower elevations,
interspecies hybridization between yak and local hill cattle (Bos indicus) is common to combine the yak's
hardiness with the productivity of cattle. In some countries, some researchers have demonstrated successful
hybridization of yak with commercial dairy breeds such as Holstein-Friesian (Bos taurus) through artificial
insemination to produce improved hybrids to increase milk production. In Bhutan, a unique triple crossing
between yak, cattle, and mithun (as a terminal sire) is common for meat production. The hybrids, however,
are less adapted to the harsh conditions and high altitudes typical of yak and are kept at intermediate
elevations between cattle and yak habitat. So, to produce the best F1 hybrid, it needs to conserve and maintain
the best gene pool of both pure Yak and hill cattle, taking care of the economic and biological limits such as
reproductive rate and survival rate of Yak. There is circumstantial evidence that some inbreeding is likely to
have occurred with yak as a result of traditional pure-breeding methods and, in some countries, because of
insufficient interchange of breeding stock across national boundaries. From the review, it can be concluded
that the pure yak population should be maintained in the mountain region under community-based selective
pure breeding with a defined breeding protocol for genetic improvement. Similarly, to enhance the
productivity of hybrid yak cattle, selection in the hill cattle together with pure yak is warranted to get the
maternal inheritance in the yak hybrid populations. Introgressive hybridization, however, plays an important
role in the improvement of yak management and breeding in an intermediate zone between cattle and yak
habitats.
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qRA

Tk (Bos grunniens) g RaATerd (HKH) &reh arffieareee! U e 31591 9| Aureen! qd oy gov uffasrar s=a velfs
aur Rereh g g@aE I AfaEEse Shae fafedr A gEiEa Uh #gedqol Gelfde! IUAT fdes| THe cheid
ACTETeTS G, A, 3, AT I TThehl JURIAY STEAT HTATP  ScUTGADT HTE® SUeled TS 3fgeet FAfaeparoian
Aol ANTETT [REEH Uees| AThewale HA SAZAT TS Ul IS (Bos indicus) T AT &7 Urdal o a1 SRT F9TTaht
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3T THE TMeT (Bos taurus) HIT Uside] IRTS AUIRGR TAehifoles | TH THRE! JUIRIAT T3 URhaEe Al Aaadiiedl I
TSP 3T ScUTGHaHID HIASTTA TG AIDATAs X I FEANT IR S | UIplcieh Uoleded a1 PIAA THYUA AT
RS I upaTer GUIRTdT dA 35T ScUATI faAudT HUd Ui 3cUTee IS, I JTAT quiRieResars 3od caaeATaTn!
ST TS| T AN qURPEE HOR 3ea RATSH aTTeRUTAT HA IHefhfod g gal HA B3 U o Ul &9 AT Uloel
7Y geoe | UfSedl GEATERH ScUleehedl Hall €2 S T Ufeell QAT (F1) HTeI(SNU)HAT aisitefehr PRt aoieiee X Hedr
(breeding population) PIH IR T el HUD ©, AT & b qUTAAD U@ Al & | TaY, g Ieh T TerST IS gdept
ST g (gene pool) T EIETUT Aed HTAIF S| AH Ul AT FIAGETS Hediold 916, 3cp¥ Uleell g&aT (F1) gofeie
SCUGADT A g SATeed TGO FAeedqul HiAST Weao| TS Y Ihal 3T-3915 IgHa-Tadl FFdeud SHaes
TAAT IMSHT YaTE RT3 Fed IS, ST el I UGS TeoT JABS| A ATATeNS FTolaa IRTDT 3U-T0T (DNA
level) TTTeE ¥ ST o1 | ARG A, g¥, Y, T 5 T SeueaAae Faieud IAvaesers dfdid 18, Fee-
R Belle Ul BRIHATE Taleld e T TN RABIRE 1] 3Tl HTEThT &1l TF IGT TTehedl  gene pool HIETUTHIT
3G T 3cUGhedal JUR O3 FealT JUeo| T, aoieie Uoide [afe! gaerare urg afeell gEdampt Scurgaefierdr T
ITEATIAAT FUREBT AT AT STHPT PUDBEED! HHBI Hcded AecaqUl Teed| UG SITAD! ITh TIETOT TAT TEET e Bedlc
Tt faflenr gt aRUTHeTS ThIpd FUAT cHATATT INHAT AT qUIRIAR ScUTeaTels &I TUAT oS IRF Aihess | Feleigot
TReATN ATATERVTAT AT JoTRIGREDT &I TR FFATaATRS FATRT Iguet HTTh! Aecdqol H & Hel JAHT 1T JHHIT Faedd
T TPRATEe 16 Hhed Afed @ Ut SAeo |

INTRODUCTION

The Yak is an iconic symbol of the Hindu-Kush Himalayan (HKH) region and is specifically adapted to a
high-altitude environment. Yak can survive in the harsh environment of high altitude, such as low
temperature, low atmospheric oxygen, and high solar radiation. Yaks are multi-purpose animals that
provide the herders with animal protein and fat in the form of milk and meat, as well as with draught power
and manure. Furthermore, yak hide, wool, and hair are used for clothing, apparel, carpet, housing, and its
dung as fuel is of paramount importance in a treeless landscape. Additionally, yak is one of the livestock
species that can fully utilize the available grassland resources. Yaks are inextricably linked to local
livelihoods, playing key roles in not only agri-biodiversity conservation but also cultural heritage,
livelihood strategies, and all aspects of socio-economic development in high mountain areas (Weiner, Han,
and Long 2003). Despite many constraints and a lack of opportunities, herders are, therefore, still keeping
on rearing yak in high altitude and at lower elevations. It iscommon to hybridize yaks with cattle to combine
the yak's hardiness with the productivity of cattle. Hybridization of yak with exotic cattle has been
encouraged by the strength of the better growth rates and much higher milk production of these “improved”
hybrids relative to the yak. This article is intended to provide a brief overview of the yak's distribution,
breeds, and breeding management with special focus on yak-cattle hybridization in the Hindu-Kush
Himalayas.

Yak breeds and distribution in HKH region

With a scientific basis using advanced molecular technigues, using evidence based on a combination of
fossil evidence and mitochondrial DNA studies, domestication was suggested to be about five thousand
years ago (Qi et al., 2008), which was earlier claimed to be the first domesticated in the late Stone Age
around ten thousand years ago (Zeuner, 1963). The yak was classified as Bos grunniens by Linnaeus in
1766, but more recent evidence favors Poephagus grunniens due to morphological distinctions from other
cattle (Corbet and Hill, 1980).

Wild yak and domestic yak represent two distinct populations. While wild yaks are close to being an
endangered species, with not more than 15 thousand, and domestic yaks number around 14.2 million in the
world, with most of them living in China (Wiener. Han JL, Long RJ 2003). Except for China, countries of
the HKH regions, such as India, Bhutan, Nepal, Afghanistan, and Pakistan, also have a few distributions.
China alone has a population of around 17 million distributed in eight provinces, and does not appear to
have experienced the same marked decline in yak numbers noted in peripheral countries. China is therefore
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known as "the cradle of yak". Afghanistan has 2,500 heads of yak in Wakhan, Little and Big Pamirs;
Pakistan has 42,000, in eastern Hindu-Kush, Karakoram, Himalaya; India has 40,000-51,000, in the mid-
Himalayan zone of five states; Nepal has 70,200 (yaks and yak hybrids), in 28 northern districts of Nepal;
Bhutan has 48,400, in high-altitude areas of nine districts (Dzongkhag) (Ning, Shaoliang, Joshi, and Bisht
2016).

The HKH region has different breeds of yak. Some twelve different breeds of yak are recognized in China.
India has also claimed four yak breeds. They appear to differ both in looks (colour, etc.) and in aspects of
performance. However, most of these “breeds” are restricted to particular localities so that, in terms of their
performance, any genetic differences are confounded with the environment in which they are kept. For
instance, even though there are many types in Nepal, they are all given one name, "Nepalese Yak". Recent
techniques of molecular genetics have, however, started to show some degree of genetic distance between
the yak populations (Zhang G.X. et al. 2008). Although the yak breeding faces serious challenges, the HKH
region still has a higher level of genetic diversity, and wild yaks coexist in the same environment. So, we
have the opportunity to examine genetic diversity and improve the quality of the yak breed.

Crossing of domestic yak with wild yak occurred naturally over the centuries in areas where wild yak
territory bounded on domestic yak herds. The cross was recognized as being more vigorous and larger than
the domestic yak. In recent times, these advantages have been recreated by using semen from captured wild
yak bulls on domestic yak females. Amongst others, this has led to the creation of the Datong breed, built
on several generations of selection starting from the initial cross.

History of Yak-cattle hybridization

The yak lives in alpine and sub-alpine regions at altitudes ranging from 2500 to 6000 m with a cold semi-
humid climate. Yak can be hybridized with cattle. Cross-breeding was commonplace in areas where the
distributions of yak and local cattle adjoined or overlapped, and is reported to have occurred for the past
3,000 years. As recorded in more recent times (but probably noted even in ancient times), the hybrids appear
to have many of the fitness characteristics of the yak and the better productivity of the cattle. Hybrid males
are, however, sterile, and hence the F1 type cannot be fixed (hybrid females can, however, be backcrossed).
The hybrids are especially favored at the lower elevations of yak distribution, where better feed is available.

Yak-cattle hybridization is one of the most important adaptation strategies for climate change patterns,
which has been adopted knowingly or unknowingly from ancient times in this region. Moreover, the yak
and yak hybrids follow the transhumance farming system traditionally in Bhutan and Nepal to utilize
summer and winter pasture (FAO, 2003). The transhumance farming system optimizes grass availability
throughout the year, ensures parasitic control, and is a strategic adaptation to changes in the weather
patterns. Again, yak and yak hybrids are seasonal breeders. The breeding season reaches its peak in July
and August - sometimes till October when they are still in the alpine pasture areas, and temperatures are at
their highest, and grass growth is at its best. Parturition occurs from April to July in the lower elevations,
closer to the home villages. In Bhutan and Nepal, yak hybrid production system, therefore, is an integral
component of the ecosystem of the mountain and upper slope areas and is a major economic activity of
those communities (Pradhan, Hitchcock, and Miller, 2000; Dong et al., 2009; FAO, 2003). This production
system is not uncommon in countries of the HKH region and other yak-bearing countries such as
Kyrgyzstan, Mongolia, and Russia. Yaks live in mountain areas (above 3000 m asl), while yak hybrids are
predominantly raised in the upper slope regions (above 2000 m asl). The yaks and yak hybrids are managed
by a traditional transhumance management system, i.e., the herders move with their herds as they graze.

Normally, yaks are crossed with indigenous taurine and indicine cattle. China is way developed in the case
of livestock development; hybridization of yak females with exotic breeds of cattle was started around
1939, which has not yet been introduced in other countries. The breeds included the Holstein Friesian,
Shorthorn, Simmental, etc. More recently, Charolais, Hereford, Limousin, and others have been added to
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those available for ‘crossing” with yak” (Weiner 2013). Hybridizing was tried initially by natural mating
for a long period of times years; and during the latter period, artificial insemination (Al) with exotic bull
semen became the predominant practice for hybridizing (FAO, 2003). Hybridization of yak with exotic
cattle has been encouraged on the strength of the better growth rates and much higher milk production of
these “exotic” hybrids relative to the yak. The extra production has, however, to be paid for by better
feeding, provision of shelter, and better all-around management and health care. Moreover, detecting estrus
in yak females is an arduous and challenging task. Detection of estrus is essential as a prelude to the use of
Al, as skilled manpower is demanded in yak localities to have access to Al. These constraints restrict the
opportunities of Al for hybridization, yet natural crossing is widespread. This genetic differentiation
corresponds to different breeding practices such as crossing with wild yaks, cattle, Mithun, etc. In western
Bhutan, yaks reared are pure-bred, whereas in eastern Bhutan, about 53% of the yaks are hybridized with
cattle, and to some extent in central Bhutan (Dorji et al 2002). In Bhutan, a unique triple crossing between
yak, cattle, and Mithun (as a terminal sire for meat production) is also common to produce more meat.

Implication of yak-cattle hybridization

Economically, the most important aspects, such as productive, reproductive, and fitness traits of the yak
and yak hybrid, will be briefly summarized in this section. Yak hybrids have multiple purposes and are
consequently priced higher compared to Bos taurus and Bos indicus breeds. They provide protein to the
mountain communities in terms of milk, milk products, and meat. The animals are well-adapted to cold
climates and are used for the draft as well as transportation. Their tail switches are of great religious
significance not only for Buddhists but also for Hindus. Their body hair and hide are widely used for many
household goods. In the mountain areas, especially in Nepal, that cater to tourists, the male hybrid (Jhopa)
is increasingly used for transporting, carrying trekking equipment, and commercial products. These animals
carry up to 60 kg loads and cover a distance of 20 km a day (Shrestha 1990). Jhopas are more versatile than
yak as they can survive comfortably below 2000 m asl.

Yak-cattle hybridization produces fertile female and sterile male hybrids. Seven hybrid generations of
sterile males and fertile females have been produced by backcrossing the fertile female offspring in each
generation with male yak or cattle (Joshi 1982; Khan et al, 2016). The hybrid has greater milk and meat
production capabilities, as well as a better ability to withstand warmer climates at lower altitudes, than the
yak (Joshi 1982; Zhang 2000; Wiener et al. 2003). F1 hybrids have more milk yield by 25% (DLS Annual
Report, Rasuwa district, 2005). F1 male hybrids produce 22% higher meat production with better
draughtability. These hybrids are better adapted to the intermediate zone between cattle and yak habitats.

Characteristics of yak and yak hybrids

The purebred female yak, locally called nak in Nepal, is not a good milk producer, but they are hardy
animals able to withstand extreme cold and snow blizzards. The naks normally produce approximately 220
litres of milk during an average lactation of 167 days or 1.3 litres of milk per day (Shrestha 1990) and milk
production is affected by season and climate (Sapkota et al 2022). The milk is high in fat (above 6.6%), and
non-fat solids are approximately 11%. These animals are also a good source of organic manure for cropping
and as fuel. The hybridization practice leads to a 200% increase in milk productivity (1L/day at the lactation
peak for a pure female yak to 3L/day for a hybrid) in Bhutan (Dorji et al, 2002). In the case of Nepal, the
female hybrid (chauri) is raised to produce milk and milk products such as butter and cheese (ghee and
chhurpi) for home consumption and increasingly for the domestic and international markets. Chauris can
produce 300-540 litres of milk in 120-180 days or 2.5-3.0 litres of milk per day. Chauri milk is
approximately 6.5% fat and 10.9% non-fat solids (Joshi 1982; Shrestha 1990).

The productivity reduces if the F1 hybrids are further crossed with yak, which indicates that the F1 hybrids
are better in order to get better production from this system (Sanjit Maiti et al, 2014). There is an obvious
benefit economically with F1 hybrids, so it's better to recommend the yak herders to maintain yak-cattle
hybrid to improve production (Sanjit Maiti et al, 2014). In Nepal, traditionally only chauris and first-cross
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jhopa are kept, and progeny of chauris are culled, as farmers know that they are uneconomic to rear
(Pradhan, Hitchcock, and Miller, 2000).

Use of molecular techniques to identify introgression of cattle into the yak population

In yak, a mitochondrial DNA (mtDNA)-specific fragment has been described (Ward et al. 1999), and cattle
autosomal microsatellite loci are now commonly used for the study of their genetic diversity (Ritz et
al. 2000; Doriji et al. 2002; Xuebin et al. 2002, 2005; Qi 2004; Nguyen et al. 2005). The use of these genetic
markers was also used to assess the occurrence, frequency, and importance of cattle introgression in
individual yak or in domestic yak populations across the geographical range of the species (Xue-bin Qi et
al. 2010). Generally, cattle bulls are commonly used to hybridize with yak cows at relatively high altitudes,
while reciprocal crossing is practiced at low altitudes of their distribution range (Phillips et al. 1946; Cai
1980; Joshi 1982; Zhang 1989; Adachi & Kawamoto 1992; Davaa 1996; Tshering et al. 1996). Hybrid
males are sterile, and their fertility does not resume until the fourth backcrossing generation (Deakin et
al. 1935; Cai 1989; Tumennasan et al. 1997; Zhang 2000; Hisabumi et al. 2002), and therefore, male-
mediated cattle introgression in yak is impossible (Jianlin et al. 2002), and thus the cattle genes are only
introduced into the yak genome by hybridization of female F; hybrids to yak. Contrary in Nepal, yak
mtDNA lineage was observed in Lulu phenotype animals in high altitude (Takeda et al., 2004), which
revealed that male-mediated cattle in the yak. Cattle introgression is, however, an ongoing process and
might have been relatively more important in recent times.

Using whole-genome sequencing, genes of considerable adaptive importance and domestication due to
introgression among different members of the Bos genus to yak or vice versa have been identified (Wu et
al, 2018). For example, genes under domestication selection in cattle (for example, MITF) were
introgressed from domestic cattle to yak. Also, genes in the response-to-hypoxia pathway (for example,
EGLN1, EGLN2, and HIF3a) have been introgressed from yak to Tibetan cattle, probably facilitating their
adaptation to high altitude. The advancement of the scientific technique illustrates the importance of
introgression as a source of adaptive variation and during domestication. The advancement in molecular
techniques revealed that introgressive hybridization contributed to the improvement of yak management
and breeding (Qui et al, 2012).

CONCLUSION

The yak hybrids have greater milk and meat production capabilities, as well as a better ability to withstand
a warmer climate at lower altitudes than the yak. Hybridization has introgressed genes of considerable
adaptive importance, which have helped facilitate adaptation in connection with both domestication and
environmental changes. Introgression and admixture have previously been considered a detrimental process
to avoid. Introgression and admixture have previously been considered a detrimental process to avoid. With
the advancement of molecular techniques, it has been demonstrated that hybridization is an important
natural process of significant importance for adaptation. Every response to climate change by the farmers
is not always the best one. The cautious plan should be done for yak-cattle inter-species mating. To protect
yak genetic integrity, the hybridization between yak and cattle should, therefore, be tightly controlled, and
to enhance the productivity of hybrid yak cattle, selection in the hill cattle together with pure yak is
warranted to get the maternal inheritance in the yak hybrid populations.
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