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Abstract

Bioresources are indispensable to the development and sustenance of a national economy. North-West Himalayan Region (NWHR)
of Indian subcontinent is bequeathed with a rich, yet unexploited unique resources entailing glaciers, perennial streams and rivulets,
climates, plants and animals. Goats, sheep, buffaloes, cattle and camels inhabiting NWHR exhibit distinctive evolutional adaptation
to ambient stress. The exclusive adaptive features include physiological i.e., pulmonary and cardiovascular systems, more volume
and pulmonary vasculature, and biochemical mechanisms like efficient O,-exchange, and blood O,-exchange at tissue levels. The
gut microbiota of these animals enable them to utilize feedstuff enriched with indigestible lignocellulose and anti-nutritional phy-
tochemicals. The genes, genetic pathways regulating adaptation and the metabolic traits should be exploited to improve adaptive

performance of high-yielding livestock susceptible to stresses.
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Lo and impacts over 1.2 billion humans downstream (The Himalaya
Highlights I . . .
Initiative, accessed on April 21, 2025). NWHR comprises of hilly

North-West Himalayas house diverse characteristic unique .0, of Himachal Pradesh, Jammu and Kashmir, and Uttarakhand,

and extends between the latitude of 28243’-37°05 N and the longi-

The genetics and metabolism may be discovered to unravel  tudes of 72240-81202’ E. The total area of NWHR is approximate

livestock species.

adaptive evolution of livestock. 33 million hectares which accounts for 10% of India’s geographical
Genes and genetic material can be used to improve adapta- ~ area. Aquatic and terrestrial bioresources vary depending on to-
tion of high-yielding livestock susceptible to stresses. pography, climate and flora.

Introduction Whereas Great Himalayan National Park (GNHP) is a natural

Constituting 11% of Hindu Kush Himalayas (HKH's) area, the In- habitat to numerous plants, animals, birds, reptiles, amphibians,

dian Himalayan Region (IHR) houses 36% of the human population insects and molluscs, North-West Himalayas of India, Tibet, Lada-

kh, and Northern regions of Pakistan represent a rich and unique
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diversity of flora and fauna including feral and domestic animals
[1,2]. The livestock species endemic to Himalayas are distinct from
those found in plain regions. The genetic and metabolic determi-
nants of the adapted animals of NWHR could be exploited to im-
prove the genetic and metabolic traits of livestock existing in other

parts of the country [3].

Thermal stress increases metabolic heat production, poses sub-
stantial threat to global dairy and meat industry, particularly the
high yielding cattle and buffaloes. Therefore, it is fascinating to dis-
cover the gut microbiota of resistant or adapted animals, and role
of rumen microbiota in making host tolerant to adverse conditions
such as climatic stress [3]. This article revisits the unique adaptive

features of native livestock, and prospective use of the genetic de-
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terminants of beneficial traits of adaptation to improve tolerance
of elite livestock to biotic and abiotic stresses. The purpose of re-
view is to invigorate insights and promote the research into unique
mechanisms of adaptation in indigenous livestock, and increase

resistance in elite livestock that are susceptible to stresses.

Livestock as indispensable components in NWHR

Livestock is an integral component of agriculture-based econo-
my of the NWHR. Cattle, buffaloes, goats, sheep and equines (horse,
ponies, mules and donkeys) are the main livestock (Figure 1). In
addition, pigs, ponies, camels and small population of yak are also
found (Table 1). The livestock reared are either pure breeds, cross
breeds and non-descript animals. The native animals are low-yield-
ing animals, but adapted aptly to hilly terrains, hypoxia and uncon-

ventional forages.

Sl. No. | Livestock species Economic role and evolutional adaptive features (References)
Short, cylindrical and compact body with short legs and strong hooves enabling the ani-
mals to walk and graze in hilly terrains.
Long hair, subcutaneous fats, dark coat colour in animals raised for generations in cool
Cattle and temperate climate. Comparatively more resistant to biotic and abiotic stress.
Indigenous (Himach- . )
. . ) Dual purpose breed used for milk and mechanical power.
1. ali Pahari cows, Badri
cattle, and unde- Average milk yield is low i.e., approximately 538 kg (ranging between 300 to 650 kg) per
scribed) lactation. Milk is superior in terms of nutrients, nutraceuticals and therapeutic impor-
tance [4].
Adapted to native hilly terrains, forages including crop residues, local grasses and tree
foliage [1].
Adaptation to long seasonal migration, fibrous forages including crop residues, native
Buffaloes (Gojri, pure grasses and tree foliage [1,5].
2. and cross breeds) . o .
Efficient fibriloytic rumen microbes than those of cattle.
Superior milk with high fats, lactose and proteins.
Adaptation to long distance migration, hilly terrains and native flora containing high ligno-
cellulose and phytochemicals [6-7].
Goats
3 (Gaddi, Chegu, Presence of double fleece coat comprising of outer coarse hair (guar hair) and inner fine
' Changthangi, Beetal, hair pashmina/cashmere in Chegu and Changthangi [8-9] and Mongolian breeds [10]
and crossbred goats) required to provide protection against arid cold waves.
Changthangi are agile in nature adapted to sparse grazing conditions.
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Adaptation to long walking, hilly terrains, cold and hypoxic Himalayas, and grazing on
lignocellulose-enriched native flora [11-12].

High quality fine wool from Changthangi sheep to protect the animal from extreme winter
[9, 13].

Ability to withstand high altitude, cold and hypoxic environment in Changthangi sheep
[14].

Grey skin, fine wool either black or white coats in comparison to Muzzafarnagri sheep of
plains of North India, existence of genes (DCT, MLNA OCA2, PMEL, SLC45A2, TYR, TYRP1)

related to melanogenesis in fine wool-producing sheep [15].

Elevated expression of metabolic pathways including glycogen metabolic, reduction of cy-

tosolic Ca** levels, and NFE2L2 regulating anti-oxidants [16], expression of hub genes for

involved in hematopoesis and HIF signalling helping the sheep to withstand cold hypoxic
desert of Ladakh [16].

Mainly used as draft animals, pull or carry the loads, perform well in difficult hilly terrains

and hypoxic environment.

Multidimensional role in niche-specific sociocultural state, provide fiber, milk, meat and

manure.

Elucidation of a total of 21 candidate genes including 4 novel genes; GNAO1, ITPR1, PDE4D
and RPS6KA6 involved in regulation of 35 signaling pathways including environmental

information processing and their adaptation to high altitude hypoxic milieu [17].

Presence of five candidate genes viz., GRIK4, IFNLR1, LOC102275985, GRHL3 and
LOC102275713 involved in signalling pathways (glutamatergic synapse, JAK-STAT signal-
ling pathway), cytokine-cytokine receptor interaction, neuroactive ligand-receptor inter-

action, and olfactory transduction in Tibetan yak [18].

Shee
4. P
Equines (horse,
5. mules, donkeys and
ponies)
Yaks
6.
Camels
7.

Single hump camels are found in few vicinities of NWHR.
Double humped camels are found in cold deserts of Ladakh region.

Gut microbial evolution and adaptation to low quality lignocellulose- and phytochemicals-

enriched crop residues and thorny bushes [20].

Table 1: Major livestock species in NWHR and their distinguished evolutional adaptation features.

Various animals are reared according to fodder, feed, grasslands  Parts of Himachal Pradesh keep buffalo herds while Gaddis, Kanet,

and agro-climatic conditions. Migratory pastoralism is common  Kaulis, Kinnauras and Bakarawals rear sheep, goats, horses and
throughout high Himalayas from West to East. Herding tribe com-  mules. Gaddis descend their animals from high hilly areas before

munities viz., Gujjars (both Hindus and Muslims) in Kashmir and  onset of winter (October to March) to low altitude or plane areas,
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and stay there till onset of summer. The animals are exposed en
route to various abiotic and biotic stresses. Similarly, stall-fed and
grazing animals remain stressed and undernourished due to scar-

city of quality fodder.

Evolutional selection signatures of adaptation in livestock

Adaption to environment, biotic and abiotic stressors is the
fundamental characteristic of living beings including microorgan-
ism, plants, humans and animals. The term ‘selection signatures’
refers to the pattern of genetic variations that develop when animal
population undergoes selection for a particular trait in response to
environmental pressure. The evolution may occur at genetic, phys-

iological, biochemical and behavioural levels of an organism.

The selection signature analysis is aimed to detect genes in the
genome that are under selective pressure in response to artificial
selection for economical traits such as milk production, meat qual-
ity or resistance to biotic stresses. Therefore, selection signatures
provide information about specific genes, genetic makeup, genom-
ic region and metabolic pathways that enhance adaptability of an

organism to a particular environment.

The NWHR environment is vastly variable in terms of temper-
ate, altitudes, atmospheric pressure, water oxygen availability and
the vegetation. The partial pressure of O, (PO,) decreases with
increasing altitude. The PO, at an altitude of 3000 m is less than
70% of the PO, at sea level [19]. The ensuing hypobaric hypoxia is
detrimental to tissues and organs of the dwelling fauna. To cope the
hypoxic stress, the genetic and physiological changes in the mam-
malian species include adaptive remodelling of pulmonary and car-
diovascular systems to increase uptake and distribution of 0,, and

reduce O, consumption to a possible extent.

The unique adaptive features in animals found in adverse con-
ditions include physiological i.e., pulmonary and cardiovascular
systems, increased lung volume and pulmonary vasculature, res-
piratory advantages such as blood 0,-exchange at tissue and organ
levels. The gut microbiota has also evolved in response to available
feedstuff enabling the host to thrive on forages containing lignocel-
lulose and phytochemicals, and possibly the environmental stress
[7,20,21].

It is evident that adaptive behaviour of a living being is regulat-

ed at transcriptomic (gene expression) and metabolic levels. Selec-
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tion of particular genes intends to impart an organism additional
benefits to survive in stressful environment. After their domesti-
cation, the livestock followed human migration, hence colonised
different parts of the world. In particular regions characterized by
specific climate, temperature, topography, oxygen and nutrients,
the livestock genome has modified to enable the animals survive

in new environment.

Figure 1: Livestock of NWHR with adaptive evolutionary ad-
aptation. Double humped camel (A), cattle calf (B), yak (C), and
migratory Gaddi goat (D). The animals have dense hair coat that
protects them from severe cold. The animals possess a powerful
rumen microbiota (bacteria and fungi) with potential enzymes

to degrade polysaccharides or detoxify toxic phytochemicals.

High throughput techniques such as serial analysis of gene
expression (SAGE), expression sequence tags (EST), microarray
analysis of gene expression, in silico and computational analysis of
genome, transcriptome, proteome and metabolome are the widely
employed tools to understand gene regulation in animals, plants
and microorganisms. Genome-wide association studies (GWAS) re-
quire genotype and phenotype data. GWAS has been instrumental
to decipher the connotations between variations in genome, the
genotype and phenotype, genes controlling various traits and phe-

notypes of animal of same breed or populations.

Because animals have radiated out from specific domestication

centres to most regions of globe, gradually adapting to diverse en-
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vironments, tropical to very temperate, and sub-zero temperatures,
freshwater to saline water, wet and humid to arid deserts, genome
and gene expression in them has been influenced by environment,
nutrients and water availability. Population genetics has identified
genomic regions under selection pressure or those introgressed
from one breed to another to expedite the adaptation processes.
Likewise, landscape genomics which combines global positioning
and genomics, is employed to identify genomic parameters that
enable the animals to adapt to local environment. Artificial intelli-
gence and machine learning have facilitated identification of inter-
action between genome and environment, effect of environment on

genome and speculation of interaction between them.

It is important to perform gene expression analysis and precise-
ly select the stable reference genes to understand the molecular
biological and genetic basis of animals’ adaptation to particular
environment. Expression stability analysis of 10 candidate ref-
erence genes (RGs), namely ACTB, B2M, EEF1A1, GAPDH, RPL4,
RPS9, HPRT1, UXT, RPS23, RPS15 in peripheral blood mononuclear
cells (PBMCs) of Ladakhi cattle, Ladakhi yak, Ladakhi donkey,
Changthangi goats, Double hump camel and Zaskar ponies dwell-
ing high altitude temperate and hypoxic climate of Leh-Ladakh has
revealed that different RGs are selected in the species [22]. Pan-
els of RGs inferred in different species are as EEF1A1 and RPL4
in Ladakhi cattle; GAPDH, RPS9 and ACTB in Ladakhi yak, HPRT1,
B2M and ACTB in Ladakhi donkey; HPRT1 and ACTB in Zanskar po-
nies; HPRT1, B2M and ACTB in double hump camels; and HPRT1 in
Changthangi goat [22].

Detection of genetic signatures in livestock

Genomics and bioinformatics methods are the widely used
methods to delineate genetic signatures in biological sciences in-
cluding animals, plants and microbes. In livestock sciences also,
genomics, bioinformatics and statistical methods are used to un-

ravel diversity and molecular biological markers.

The genome wide scan of selection markers is used to identify
genes responsible for adaptation, productivity, immunity, nutrient
utilization and behaviour of an organism in a particular environ-
ment. Genomics, in silico and bioinformatics provide insights into
adaptive evolution in animals including livestock species (Figure
2).
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Analysis of a total of 327 genomes from equines, sheep, cattle,
goats, pigs and dogs from high and low altitudes have revealed ex-
istence of signatures of positive selection at genetic level, especially
the EPASI genes in the species examined. In addition, a potential
function in response to hypoxia for the gene C100rf67, which un-
derwent positive selection in response to hypoxia, was also report-

ed in three livestock species [2].
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Figure 2: Strategies for identification of selected genetic
signatures in livestock under a particular region. Technological
advancements and computational algorithms have facilitated

identification of selection signatures.

Genetic signatures in livestock species

By definition, the genetic signatures refer to the unique patterns
of gene activities within cell, tissues or organisms, reflecting the al-
terations in biological processes or pathogenic conditions. Genetic
signatures can be single or multiple or groups of genes, and are
identified based on changes in gene expression profile. Gene sig-
natures have several applications in diseases such as cancer, and
detection of genetic diversity and evolutional adaption in animals.
Few prominent livestock species and their significant adaptive

traits are summarised below.

Cattle

Some unique cattle are found in NWHR. Himachali Pahari cow,

Y

locally called as “Pahari”, “Desi”, “Local” and “Gauri” is found in dif-
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ferent tracts. Due to its characteristic milk attributes, Himachali
Pahari cow called as Himdhenu. It is found in remote localities of
district Chamba (Holi and Kugti), Kangra, Mandji, Kullu, Shimla, Sir-

mour and Lahual Spiti valley of Himachal Pradesh.

The Himachali Pahari cattle breed is characterized by small to
medium size compact body with prominent hump, short legs, thick
black to blackish brown coat colour, long tail, medium size horns
curved in lateral and upward direction. Basically, the Himachali
Pahari cow is a draught breed with characteristic adaptation to
narrow, sloppy and undulating hilly terrains. The cows can be man-
aged under low-input management. Milk yield is low ranging from
300 kg to 600 kg per lactation (Himachali Pahari | Dairy Knowledge
Portal, accessed on Nov. 22, 2024). In addition, the Pahari cow is

used in rituals and seldom sold to abattoirs.

Adult males are heavier (200 to 280 kg) that females (140 to
230 kg), dwarf and medium size animals (Himachali Pahari Cattle
- ICAR- National Bureau of Animal Genetic Resources, accessed on
Nowv. 22, 2024).

Preliminary studies indicate that milk and milk-peptides from
Gaddi goats and Hill cattle possess significant nutraceutical and
therapeutic importance [23]. In Uttarakhand, a popular breed of
cattle known as Badri breed is found in Garhwal region of the state.
The Badri cows, also known as Pahari cows due to adaptation to
hilly terrains, are small size animals having hair coat of differ-
ent colours- black, brown, red white or grey (Hilly cattle - Google
Search, Accessed on Nov. 22, 2024).

Genetic analysis (allele frequency, observed and effective num-
ber of alleles, observed and effective number of alleles, observed
and effective expected heterozygosity, PIC and Shannon’s indices
and F-statistics) of 96 animals with different coat colour has shown
that the variants constituted a single breed i.e., Badri [24]. Another
genotypic analysis involving a double digestion restriction associ-
ated DNA (ddRAD) sequencing of 96 animals has revealed the ge-
netic similarities in animal with different coat colours within Badri
breed [25].

Buffaloes

Buffaloes, mostly the water buffaloes (Bubalus bubalis) are the

sources of milk and manure in India including NWHR. Various
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breeds of buffaloes are adapted to prevailing agro-climatic condi-
tions. In addition, buffaloes either reared as stall-fed or migratory
species, possessing different biometric, adaptive and production
traits are also found [26,27].

Gujjar communities in Chamba, Kangra and Una districts of
Himachal Pradesh, and Hoshiarpur, Gurdaspur, Mohali, Pathankot
and Ropar districts of Punjab rear a distinct breed named as ‘Gojri’
or desi buffaloes. Gojri buffaloes adapted to long distance migra-
tion are prime source of nutritional security and livelihood of the
Gujar communities. Although, milk yield depends on genetic merit,
nutrition and health of animals, Gojri buffaloes are indeed hardy
animals and low milk-yielders. Average milk yield is 1000 kg/lac-
tation (Gojri | Dairy Knowledge Portal, accessed on September, 03,
2025). Because these animals migrate in search of grazing, they are
adapted to utilise phytochemicals- and lignocellulose-enriched for-
ages, tree leaves and grass hay. Stall fed buffaloes are offered trees

leaves, grasses, grass hays and crop residues.

Goats

Goats are multipurpose livestock adapted to variety of climates
and husbandry practices, and used for fiber, milk, meat and ma-
nure. Gaddi, Chegu, and Changthangi are the prime goat breeds of
NWHR. They are low milk-yielders, hence in lower hilly and plain
areas, pure and cross breeds of goats have also been introduced.
However, pure breed goats are susceptible to prevailing cold stress,
pests and parasites. Migratory goats and sheep are acclimatized to
wild vegetation and remain in open guarded by their owners and

dogs.

Gaddi, Changthangi and Chegu are multipurpose livestock [4,9].
Gaddi goats, also known as “White Himalayan goats”, are used as
milch and meat species [7,23,28]. Milk of Gaddi goats and Him-
achali Pahari cow has therapeutic and anti-aging properties [23].
The Chegu and Changthangi goats yield high quality pashmina and
fiber.

Changthangi goats, reared by Changpa tribe, confined primar-
ily to Changthang Subdivision of Ladakh region are characterized
by extreme climatic conditions- high intensity storms, cold arid
atmosphere, persistent hypoxia and scarcity of quality foliage and
forages. In addition, species such as Mongolian [10] and Jiangnan

cashmere goats [2] found in Tibet and China also produce high
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quality pashmina fiber. Around 7000 Chegu goats are estimated in
true breeding tract in Himachal Pradesh (Chegu-Goat.pdf, accessed
on March 25, 2024). The shrinking population of such unique ger-
mplasm underscores the need of urgent and appropriate scientific

approaches to conserve and proliferate these goats.

There exists a differential evolution in genetic and phenotypic
characteristics of animals adapted to high hilly altitude. The dif-
ferential gene expression accounts for milk and meat with charac-
teristic attributes. For instance, highly interactive genes are asso-
ciated with lipid metabolism pathways and longissimus thoracic
muscle types in Changthangi goats. The pattern of gene expression
is distinct in Changthangi and Barbari goats reared in different

agro-climatic conditions [29].

Dinesh., et al.,, have described morphological characteristics of
typical goats native to Shivalik hills of Himachal Pradesh. The breed
described as Kotdhar goats, are medium bodied, longilinear, tall an-

imals well-suited exclusively for meat production [30].

Of note, the migratory sheep and goats browse on different
weeds such as Crofton weed (Ageratina adenophora syn. Eupato-
rium adenophorum), billy goat weed or neela phulnoo (Ageratum
conyzoides var hirtum (Lam. DC)), Parthenium hysterophorus L.,
Phalaris minor and Bidens pilosa among others containing vari-
ous toxic principles [6,7]. The rumen microorganisms evolved in
response to dietary components enable the animals to degrade
ingested biomass containing anti-nutritional phytochemicals [7].
Of note, compared to cattle, the goats, buffaloes and sheep are re-
sistant to carcinogenic ptaquilosides found in bracken ferns prev-
alent in grasslands of Chuhar valley and mid Himalayas of NWHR.
As compared to cattle, the incidences of urinary bladder cancer or
enzootic bovine haematuria (EBH) elicited due to ingested ptaqui-
losides are less in buffaloes, sheep and goats. Experimental studies
and meta-analysis of already published data is needed to explain
the molecular biological basis of plant toxicities and cancers in ru-

minants exposed to toxic flora.

Selection signatures in goats adapted to high altitudes provide
information about characteristic genetic markers or loci on the
genome that show the evidence of positive selection of desirable

traits favoured by artificial or natural selection [30].
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Sheep

Gaddi, Rampur Bushair, Bhakarwal, Poonchi, Karnah, Gurez,
Kashmir Merino and Changthangi are the prime sheep (Ovis ar-
ies) breeds. The Changthangi sheep found in cold arid plateau of
Ladakh at altitude above 3000 meter with prevailing rarefied at-
mosphere yield unique wool which is next to Pashmina from goats
[9,16].

There are evidence that difference in the expression profile
of gene, and metabolic pathways enable the Changthangi sheep
and Muzzafarnagri sheep to acclimatize to different altitudes and
climates. Immune responses, especially the cytokine-signaling
genes and NF-kB signalling pathways are enriched significantly
in Changthangi sheep. In addition, a strong association observed
between cytokine signalling hypoxia-inducible factor and NF-kB
activation implies presence of coordinated adaptive response to
hypoxic stress in Changthangi sheep lungs [14]. On contrary, genes
accountable for energy metabolism, homeostasis and pulmonary
physiology were more active in Muzzafarnagri sheep found on av-
erage altitude of 250 meter [14].

Other evolutionary adaptive features include grey skin, fine
wool either black or white coats. On contrary, Muzzafarnagri sheep
found in plains of North India (e.g., Uttar Pradesh) has white skin
coat and coarse wool. A comparative gene expression profile re-
vealed up-regulation of 149 genes, and down-regulation of 2,139
genes in Changthangi sheep in comparison to Muzzafarnagri sheep.
The genes (DCT, MLNA OCA2, PMEL, SLC45A2, TYR, TYRP1) related
to melanogenesis are active in Changthangi sheep. The study un-
derscores the role of melanin to impart black colour to skin and
protection from UV radiation at high altitude. Similarly, the genes
(KRTAP6, KRTAP7, KRTAP 13 and KRTAPZ2) had higher expression

levels in fine-wool yielding sheep [15].

Another study has noted elevated expression of metabolic path-
ways including glycogen metabolic, reduction of cytosolic Ca**
levels and NFE2ZL2 regulating anti-oxidants in Changthangi sheep
[16]. Expression of hub genes involved in haematopoiesis and hy-
poxia-inducible factors (HIF) signalling, assist the small ruminants
such as Changthangi sheep to withstand cold hypoxic high altitude
desert of Ladakh [16].
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Yak

Yak (Bos grunniens) is an old bovine livestock species dwelling
high altitude ranging from 3,000 to 5,000 meters, hypoxic temper-
ate regions of Himalayas. Yaks are important to local public of these
areas. Adapted to low quality forages or scarce nutrient resources,
the yaks provide milk, meat, fur, draught power and ploughing of
fields. In addition, yaks are used to transport pilgrims where auto-
mobile transportation facilities are scarce. Yak population has de-

clined; hence they are considered as endangered livestock species.

Genomics studies have unveiled the evolutionary positive mis-
cellany of genes associated with nutrient utilization, assimilation
and systemic transport under prevailing harsh climate in yaks. The
genetic and metabolic adaptation includes selection of genes in-
volved in energy metabolism, oxygen transport via blood circulato-
ry system, and thermoregulation which are necessary for survival
of yaks in nutritional deficient and hypoxic milieu of high altitude

of Himalayas [31].

Whole-genome sequencing of yak genome has inferred exist-
ence of a total of 21 candidate genes comprising 4 novel genes,
namely GNAO1, ITPR1, PDE4D and RPS6KA6 involved in regulation
of 35 molecular biological mechanisms and signaling pathways
including environmental information processing and adapta-
tion to the high altitude hypoxic environment [17]. Similarly, five
candidate genes viz., GRIK4, IFNLR1, LOC102275985, GRHL3 and
LOC102275713 involved in signalling pathways (glutamatergic
synapse, JAK-STAT signalling pathway), cytokine-cytokine receptor
interaction, neuroactive ligand-receptor interaction, and olfactory
transduction have been inferred through selective sweep analysis
in Tibetan yak [18]. Another study has reported identification of
334,854 and 1268 genes in the selective sweep region through sta-

tistical tools namely, CLR, PI and F_, respectively. The genes were

ST
associated with adaptations, growth, pigmentation, resistance to

diseases, milk and meat quality in Chinese Qinghai yak breed [32].

Equines

Mainly used as draft animals, pull or carry the loads, the equines
viz., horses, mules, donkeys and ponies perform well in difficult
hilly terrains. As unique livestock, the horses and ponies have sub-
stantial role in the rural economy of hilly areas. The Spiti horses
or ponies are small mountain equine breed in Lahoul and Spiti,

Kinnaur and Kullu districts of Himachal Pradesh of Northern India.
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The Spiti ponies are very sturdy, sure footed and suitable for riding
[33].

Spiti ponies of Lahul Spiti and Kaja subdivision and Yangthang
valley of Kinnour district of Himachal Pradesh perform well even
under temperate hypoxic conditions. The Spiti ponies have two
strains, namely pure Spiti and Konimare which are larger than Spi-
ti ponies (spiti ponies Himachal Pradesh - Google Search, accessed
on Dec. 11, 2024). The legs have short and thick bones covered
with dense and long coarse hairs which protect them from cold.

Outlook and challenges

Due to poor agriculture conditions with potential impact of cli-
mate changes, irregularly distributed rainfall, reduced glacial melt-
water feeding the rivers, scarcity of quality forages, predominant
weeds and flora containing toxic and anti-nutritional phytome-
tabolites, the agriculture activities are becoming difficult. Abrupt
changes in climate, rising ambient temperature, melting of glacier
are detrimental to plant and animal diversity, agriculture, humans

and animal well-being.

Genetic diversity of livestock at high altitude and stressful en-
vironments reflects their ancestral genetic makeup and the impact
of human-driven animal husbandry practices. The livestock in high
altitude regions possess unique genetic variations that distinguish
them breeds found in plains of the country. It is imperative to con-
serve livestock with notable evolutional adaptation to the adverse
agro-climate. Nevertheless, the distinct native livestock resources
need an immediate attention for their conservation and upgrada-
tion in view of declining populations of unique livestock such as
Spiti ponies [33], Pashmina goats, Tibetan sheep, and cattle breeds.
It is imperative to follow versatile approaches (Figure 3) to select
reference genes of multipurpose livestock species. Identification of
a panel of reference genes or internal control genes is a desirable
approach to not only in laboratory animals, humans and plants, but
also in livestock species [22,34,35].

Genetic analysis of livestock breeds is an important tool which
helps to evolve and prioritize the strategies to conserve their ger-

mplasm, and develop livestock breeding strategies.

The microbial resources form animals adapted to harsh envi-
ronment and poor quality feed stuffs might have potential as direct

fed microbials or microbial feed supplements to improve nutrition
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Managing wild animal menace:
= Development and expansion
of food forests to prevent wild
animals entering human
habitations and damaging
agriculture and horticulture

Promoting native livestock:
« Dissemination of migratory Gojri
buffaloes for transhumant
farming
* Conservation of Himachali Pahari
cow for milk having nutraceutical
and medicinal values l

Alternate feed/forages:
« Utilizing agro-byproducts as
feed ingredients
« Biotechnological removal of
xenobiotics
« Hydroponics, Azollaand
yeasts (SCP) as animals
dietary supplements

Need-based livestock farming:
« Endorsing sturdy migratory Gaddi
and Chegu goats, and Rampur-
Bushair sheep in harsh
temperate hilly niches
« Promoting crossbred animals

where fodder in available
« Bioprospecting cold-water
aquatic bioresources

Nutrient supplements:
* ITKs-based health and
production management of
livestock
« Mapping of drug-resistance’
in veterinary pathogens in
livestock dominated niches
)

Plants and phytochemicals:

+ Mapping and utilizing unique

native flora, herbals, essential oils

and bioactive phytochemicals as

auxiliary ethno-medicines against

resistant pathogens and parasites
« Development of fodder banks and

feed supplements

Livestock health:
« Surveillance and monitoring of of
animal diseases (endemic/exotic)
and their forecasting
« Insights into host-pathogen
interaction, development of
immuno-prophylactics

Scientific and outreach interventions:

« Scientific management of agriculture
through outreach interventions

« Improving nutrition and livelihood of

poor farmers.

« Improving soil fertility and eradication

of noxious weeds posing threats to
animals, crops and precious herbs

Figure 3: Futuristic approaches to improve livestock production
in NWHR. Selected ITKs may be explored to unravel their scien-

tific basis of pro-health and nutritional benefits.

Abbreviations: ITKs: Indigenous Technological Knowledge; SCP:
Single Cell Proteins

and adaptation in high yielding animals that are otherwise suscep-
tible to extreme abiotic and biotic stresses [3]. Thorough scientific

studies are required to corroborate these hypotheses.

Conclusions

The livestock (cattle yak, goats, sheep, camels, cattle and Yaks)
dwelling in high altitude, and buffaloes and goats in mid altitudes
of NWHR have critical role in humans’ socioeconomic sphere and
nutrition (milk and meat) of poor farmers. The diverse livestock
species acclimatized and preforming well under harsh climate are
the prized sources of genetic materials to unravel mechanisms of

adaptive evolution and genetic convergence.

Under selection pressure, the animals not only sustain produc-
tion and reproduction under harsh and low input management,
they prove to be vital to agriculture operations, utilize available
plants and grasses and improve soil fertility. Therefore, preserving
the indigenous livestock diversity might be a strategic approach to
sustain livelihood of the farmers and livestock owners of the region.
Scrutiny of evolutional adaptive signatures of the native livestock

must understand evolutional processes affected by domestication
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of animals. These signatures might be useful to transform livestock
in diverse agro-climatic conditions. Technological advancements,
genomics and in silico tools have provided opportunities to iden-
tify the molecular biological basis of the genes expressed and the

resulting phenotypes of animals.
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