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Abstract

Farm animals supply 30 percent of total human requirements for food and
agriculture and 70 percent of the world " s rural population rely on livestock
as a component of their livelihoods. On the basis of policy developments,
climate change and diversifying market demands, livestock conservation
practice is changing rapidly. Selective breeding and exchange of farm animals
or germplasm among users within and across countries are most commonly
used strategies of enhancing livestock production but it resulted in the
reduction of the bio-diversity of breeds. The selection pressure strongly
increased, and therefore the reproduction among breeds was seriously reduced,
resulting in the fragmentation of the initial gene pool. The selection pressure
further increased due to the use of artificial insemination, leading to a few
industrial breeds with very high performances, but with low effective
population sizes. Beside this performance improvement of industrial breeds,
genetic resources are being lost specifically indigenous and local breeds,
because of the replacement of traditional breeds by high performance industrial
breeds at the worldwide level. Many breeds are already extinct, and genetic
resources in indigenous cattle, sheep, and goats are thus highly endangered,
particularly in developed countries. Based on sound genetic characterization,
urgent conservation measures must be taken to avoid an irremediable loss of
livestock genetic resources, integrating economical, sociological, and political
parameters. The livestock genomic sector therefore needs to make a concerted
effort in the coming decade to enable to the democratization of the powerful
tools to ensure that they are applied within the context of breed conservation
as well as development. Recently, development of effective technologies opens
new avenues for correctly characterizing the genetic resources, not only
within the very diverse domestic breeds, but also in their wild relatives. In
conclusion, genetic characterization of indigenous breeds of farm animals by
the use of effective techniques and their conservation is only alternate to
maintain farm animal bio-diversity.
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Introduction

The Indian subcontinent is one of the few countries in the world, which has contributed richly to the international
livestock gene pool and improvement of animal production in the world. Keeping livestock is an important risk
reduction strategy for vulnerable communities, and livestock are important providers of nutrients and traction for
growing crops in smallholder systems (Rosegrant et al., 2009). Also, livestock breeds reflect the cultural and
historical identity of the communities that developed them, and have been an integral part of the livelihood and
traditions of many societies. Loss of typical breeds, therefore, means a loss of cultural identity for the communities
concerned, and the loss of part of the heritage of humanity. Among the domesticated livestock, a various
breeds/types of cattle, buffaloes, sheep, goats, pigs, horses, camels, etc. have evolved over time through natural
selection and a few human efforts. Great changes in livestock production systems over the last century, which have
mainly been connected with agricultural industrialization, mechanization, and globalization, have led to the
abandonment of many local animal breeds (FAO, 2007). Advancement in all areas of animal husbandry, including
breeding and genetics, reproductive physiology, nutrition, and animal health, can unintentionally contribute to the
decline in the number and diversity of breeds and types. Among the genetic approaches, selective breeding and
exchange of germplasm among users within and across countries are most commonly used strategies of enhancing
livestock production (FAO, 2012). The great concerns are the inflated loss of indigenous breeds impacting the
livelihood options for the poor owing to utilization and management of these genetic resources (Tisdell, 2003). Loss
of genetic diversity threatens livestock production systems throughout the world. Preserving the capacity to continue
to develop modern livestock requires global actions, on national and international levels, to prevent the loss of
valuable genetic resources (Belew et al., 2016). The best way of conservation would be the development of a
management system which might both maintain genetic variability of existing livestock resources and at the same
time permit continuous improvement in productivity and adaptability of that resource (FAO, 1981).

The science of conservation is emerged in the seventies with the goal of preserving ecosystems, species and genes
(Wilcox and Soule, 1980). Within this field, conservation genetics deals with the application of genetic concepts
and tools to conservation problems. Conservation strategies involve both in situ and ex situ techniques, the latter
being divided between ex situ—in vivo and cryoconservation (ex situ—in vitro), which is defined as the collection and
deep-freezing of semen, ova, embryos, skin, blood, DNA fragments, or tissues in liquid nitrogen for potential future
use in breeding or regenerating animals (FAO, 2019). This review therefore, explores the needs, approaches and
benefits and limitation of conservation approaches of animal genetic resources with the following heading i.e., 1)
Why conserve the genetic diversity of livestock, 2) Approaches for conservation of livestock germplasm, 3) Benefits
and limitation of genetic resource conservation techniques, 4) Programmes and policies for genetic conservation of
livestock, and 5) Future concern.

1. Why Conserve the Genetic Diversity of Livestock

The genetic diversity of livestock populations is dwindling for a multitude of threatening factors that lead to
decline/extinction of domestic animal diversity (Belew et al., 2016). This decline increased reliance on animals of
a single breed or type for commercial production at the expense of other recognized types. If genetic diversity is
further reduced, it may limit future options for improving livestock populations. Furthermore, depleting diversity
due to current breeding technologies, worldwide movement of germplasm, proliferation of highly selected
industrialized breeds, and commercial stocks founded on a relatively small number of breeding individuals are also
responsible to conserve genetic biodiversity. The conservation of livestock is to prevent the loss of the many
differentiated populations that, because of geographic or reproductive isolation, have evolved distinct characteristics
and now occupy different environmental niches. There are usually multiple types of threat and reasons why farm
animal genetic resource (FANGR) should be conserved, with the ranking of these threats and reasons varying with
the countries, agro-ecosystems, farming system, species, breed, etc. Below mentioned key factors identified as
causing threats to FANGR in the developing world-

i. Pressure to Adopt Improved Animal Breeds
Cross-breeding and subsequently the replacement of locally adapted breeds by a narrow range of high yielding

international trans-boundary breeds is the major concern affecting animal genetic diversity in developing countries
(Boettcher et al., 2010; Taberlet et al., 2011).
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ii. Paradigm Shift in Production System

Livestock production systems have changed in ways (intensification and commercialization) that have had a major
impact on the use, exchange and conservation of farm animal genetic diversity and in turn lead to the loss of livestock
genetic diversity (FAO, 2007).

iii. Population Pressure, Globalization and the Livestock Revolution

Population pressure and increasing in income levels are putting pressure on livestock owners in developing countries
to increase production by urging to depend only on a limited range of genotypes (FAO, 2009).

iv. Climate Change, Biotechnology and Development Policies

In the tropics and subtropics, in particular, increasing heat stress is expected to cause daunt challenges in livestock
production by retarding production and fertility, increasing mortality rates; elevated water requirements and
deterring feed intakes (Philipsson et al., 2011). Advancements in biotechnology are projected to boost the use of
superior genotypes across the globe, which may negatively affect conservation of global farm animal genetic
diversity (Drucker et al., 2007). Wrongly, planned policies and development programmes often trigger the threats
to AnGRs by promoting superior genetic resources particularly if cross-breeding takes place in unsupervised
condition (FAO, 2009).

v. Urbanization and Rural Migration

The rapid urbanization results in high demand for animal origin products like milk, meat, fish, egg, etc.; on other
hand, labour demand has been increasing from urban space leading to rise in wage rate in rural sector. Therefore,
responsible for rapid reduction in genetic diversity of livestock. Urbanization and rural migration driven reduction
in genetic diversity of livestock require policies for sustaining livelihoods in both rural and urban communities.

vi. Changes in Market Preferences
The products from animal origin utilized in India are rather different to those of other countries because the particular
nature of religion, caste and culture of the Indian population. Major livestock products consumed by Indian

population are namely milk, eggs and chicken meat therefore these products dominant in Indian market.
Consumption of selective animal products is the major cause of reduction in genetic diversity of livestock.

vii. Competition for Natural Resources
Drastic increase in human population directly competite with livestock biodiversity and responsible for its reduction.
More and more agricultural land is utilized for the human food production rather than for the production of feeds
and fodders for livestock.
viii. Lack of Valuation of Local Breeds
Local breeds often suffer from a lack of recognition of the value of their products. Therefore, their products may
currently have low quality or be available only in small quantities. Lack of evaluation of local breeds results into
the mixing of their germ plasma and loss of their diversity.
iXx. Natural Disasters, Epidemic and Endemic Diseases
Heavily reliant on weather, climate and water for its ability to thrive, agriculture and livestock sector are particularly
vulnerable to natural disasters. Disasters, epidemic and endemic diseases can have rapid or slow onset, with serious
health, social, and economic consequences. In past few decades these events killed millions of livestock and
adversely affected the genetic biodiversity no. of animals.

X. Trade Agreements

International trade of food and feed greatly influences global food security, resource sustainability and livestock
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biodiversity.
Significance of conserving genetic bio-diversity of livestock is as follows:

To prevent genetic erosion of populations that retains value for current use.

To maintain sufficient genetic diversity to meet the needs of current and future utilization.
To provide options for adaptation to changing environmental conditions.

To support sustainable animal production systems for food security.

To provide genetic resources for cross-breeding and development of new genotypes.

To provide options to meet the demands of new markets for livestock products and services.
To preserve cultural and historical values.

To fulfil the rights of an existing genetic resource to continue to exist.

SQ o0 o

2. Approaches for Conservation of Livestock Germplasm

Conservation biology is a relatively new field of research that emerged in the seventies with the goal of preserving
ecosystems, species and genes (Wilcox and Soule, 1980). Within this field, conservation genetics deals with the
application of genetic concepts and tools to conservation problems. Several approaches for conservation can be
applied. Broadly, conservation strategies are categorized into in situ and ex situ techniques, the latter being divided
between ex situ—in vivo and cryoconservation (ex situ—in vitro), which is defined as the collection and deep-freezing
of semen, ova, embryos, skin, blood, DNA fragments, or tissues in liquid nitrogen for potential future use in breeding
or regenerating animals (FAO, 2018).

In vivo conservation is that the conservation of a breed through the maintenance of live animal populations. It
consists of both in situ conservation of breeds within their typical production systems and their ex-situ in vivo
conservation in a controlled environment (FAO, 2013). In situ and ex situ conservation methods are complementary.
The most common form of ex situ conservation is in vitro cryoconservation of gametes or embryos in a gene bank.
Whenever breeds are conserved in vivo, whether in situ or ex situ, they should be managed in ways that maintain
their genetic variation in the long term (FAO, 2007). It is well known that a small population size may lead to loss
of allelic diversity and an increase in inbreeding (Furlan et al., 2012). In situ conservation involving continued use
as part of an ongoing livelihood strategy at one end through to conservation in zoos with no connection to ongoing
use at the other (Kasso et al., 2013). After having passed a certain threshold of endangerment, populations that are
put under in situ conservation programmes will have to be managed with specific conservation breeding
programmes. In situ conservation approaches are to be preferred as a method of conservation where maintenance
and management of the FANGR is the best available livelihood option for the farmers involved. In situ conservation
ensures that a breed is maintained in a dynamic state and, when including appropriate genetic improvement
programmes, can make sure that the breed retains its relevance to changing production, marketing and social
environments. Ex situ in vivo conservation of FAnGR in the developing world are designed to support current use
by farmers or are populations being maintained for research purposes (Kasso et al., 2013). There were a small
number of cases of ex situ in vivo herds of developing world FAnNGR being maintained purely for research purposes.

The techniques that are currently accessible and economically feasible for in vitro conservation of AnGR are those
for cryoconservation of reproductive cells, embryos and tissues (Buriak et al., 2020). Materials conserved using
these techniques may preserve their livability and functional state for decades or even centuries. More recent
biotechnologies, including cloning, transgenesis and transfer of somatic material, have great potential for future
applications in FANGR conservation, but at present they are only accessible to a few laboratories. The low reliability
and extremely high costs of these technologies are two factors likely to limit their use in FANGR conservation in
the coming years. Detailed regarding cryoconservation of reproductive cells, embryos and tissues is as follows:

i. Cryoconservation of Semen

Cryoconservation is one of the main strategies to conserve farm animal genetic resources, providing opportunities
for genetic improvement and adaptation to changes in production environments and consumer demands (Leroy et
al., 2019). Semen from all mammalian livestock species has been successfully frozen in past decades. Where semen
is used to reconstruct breeds by backcrossing, some percentage of the genes from the female population used in the
backcross will remain in the reconstructed breed (Leroy et al., 2019).
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ii. Cryoconservation of Oocytes

Embryos from some mammalian livestock species can be produced in vitro from matured oocytes collected at
slaughter or from live females by ovum pick-up. Such oocytes can be frozen for prolonged periods prior to in vitro
fertilization to produce embryos. Successful cryopreservation of oocytes would also preserve the genetic material
from unexpectedly dead animals and facilitate many assisted reproductive technologies (Ledda et al., 2001; Checura
and Seidel, 2007; Pereira and Marques, 2008). Two methods of freezing can be distinguished based on the rapidity
of the freezing procedures. Slow freezing procedures are currently feasible in cattle and potentially applicable in
sheep and goats, but success rates in obtaining progeny remain extremely low (Prentice and Anzar, 2011). Ultrarapid
freezing procedures, also called vitrification, are currently developed experimentally to limit damage to the oocyte
resulting from chilling injuries or the toxicity of cryoprotectants (Lee et al., 2009).

iii. Cryoconservation of Embryo

Embryos of mammals can be successfully frozen, thawed and then transferred into recipient females to produce
progeny however; widespread use of embryo cryoconservation is limited to cattle, sheep and goats (Youngs, 2011).
Embryo collection in pigs requires the sacrifice of the female, and the procedure remains experimental in equine
species. A number of factors including the method of embryo collection, and stage of maturation, greatly affect the
probability of obtaining live progeny (Alasmari et al., 2016). A variety of protocols to freeze and thaw embryos
from livestock have been proposed. In slow freezing, equilibration of cryoprotectants and solutes between the
medium surrounding the embryo and its intracellular compartments occurs slowly, thus limiting the risks of
membrane rupture due to intracellular ice formation (Jang et al., 2017). Fast freezing or vitrification techniques
involve ultra-rapid cooling and freezing of embryos in a very small amount of suspending medium in which
cryoprotectant and other solutes are generally at high concentrations (He et al., 2008).

iv. Cryoconservation of Somatic Cells and Somatic Cell Cloning

Somatic cells cloning technology has been shown to work for most mammals. The current state of the technology
is costly, with extremely low success rates. If reconstitution of live animals from somatic cells is developed to the
point where it becomes both reliable and cheap, preservation of somatic cells would become an attractive option for
cryoconservation of AnGR (Tian et al., 2003). Major advantage of this technique would be that it would be possible
to choose exactly which animals to conserve, and later to reconstitute a population of clones of these animals
(National Academy of Sciences, 2002). Unlike cryopreserved embryos, the cytoplasmic DNA is not preserved in
animals derived from somatic cells. Also, collection of somatic cells is, however, far simpler than collection of
embryos, and it would be feasible to collect samples extensively from field populations.

3. Benefits and Limitation of Genetic Resource Conservation Techniques

The methods used for conserving livestock genetic resources have different advantages and disadvantages.
In-situ Techniques

Advantages

a. Allows the breed to continue to develop in the context of changes in production conditions and offers greater
opportunities for research.

Facilitates breed evolution and adaptation to the environment and gives insight into breed characteristics.

Helps in maintaining the indigenous knowledge of livestock keepers.

Creates possibilities for sustainable utilization in rural areas.

Allows the breed to maintain its cultural role and its contribution to nature management.

Method can be financially self-sustainable.

~®o0o

Disadvantages

a. Exposes the breed to risks associated with disease outbreaks.
b. Does not protect alleles from genetic drift when the population is small (alleles with a low frequency in the
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population can easily disappear because of low numbers of breeding animals).
Ex situ In-vivo
Advantages

a. Offers insurance against changes in production conditions and offers opportunities for research.

b. Allows for strict control of selection and mating decisions.

c. Offers an opportunity to regenerate a breed quickly from the limited number of females without applying a cross-
breeding strategy.

Disadvantages

Inhibits breed evolution and adaptation to the contemporary production environment.
Contributes only minimally to objectives related to the sustainable utilization of rural areas.
Does not safeguard the breed against disasters and diseases.
Does not protect alleles from genetic drift.
Can be costly in the long term, especially if the breed’s productivity is low.
The advantages of cryoconservation (FAO, 2012) are as follows:
Safeguards the flexibility of the genetic system.
Protects the genetic information of a breed against catastrophic events such as disasters and disease outbreaks.
Protects alleles from genetic drift (founder animals that are no longer in the recent generations of the pedigrees
of living animals can be re-used for breeding).
Requires relatively little cost for the maintenance of stored germplasm.
The disadvantages of cryoconservation are as follows:
Inhibits breed evolution and adaptation to the environment.
. Does not contribute to objectives related to sustainable utilization of rural areas
Implementation requires particular technical skills and the costs of establishing a cryoconservation programme
can be high.

—~S@mheooow
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4. Programmes and Policies for Conservation of FANGR

The most effective way of protecting biodiversity is possible by making regulations in Constitution and international
conventions. Various new indigenous breeds of farm animals are registered by different institutions of India. Among
them, few recently registered breeds of domestic animals are mentioned in Table 1.

Table 1: Newly registered breeds of farm animals (NBAGR, 2020)

S.No. | Breed | Home tract | Accession no.

Newly registered cattle breeds

1 Poda Thurpu Telangana INDIA CATTLE 3600 PODATHURPU 03044

2 Nari Rajasthan and Gujarat INDIA CATTLE 1704 NARI 03045

3 Dagri Gujarat INDIA_CATTLE 0400 DAGRI 03046

4 Thutho Nagaland INDIA CATTLE 1400 THUTHO_ 03047

5 Shweta Kapila Goa INDIA CATTLE 3500 SHWETAKAPILA 03048

6 Himachali Pahari Himachal Pradesh INDIA_CATTLE_0600_HIMACHALIPAHARI_03049

7 Purnea Bihar INDIA CATTLE 0300 PURNEA 03050
Newly registered buffalo breeds

8 | Gojri | Punjab and Himachal Pradesh | INDIA_ BUFFALO 1606 GOJRI 01017
Newly registered sheep breeds

9 | Kajali | Punjab | INDIA SHEEP 1600 KAJALI 14044

Newly registered pig breeds
10 Mali Tripura INDIA PIG 1900 MALI 09009
11 Purnea Bihar and Jharkhand INDIA_PIG_0325 PURNEA _09010

Various programmes with different activities being carried out in India for conservation of FAnNGR are as follows.
Among them, most of the projects are either functional or completed by NBAGR, Karnal, India.
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i. National Agricultural Technology Programmes (NATP) at NBAGR, Karnal

Under these programmes, animal genetic resource biodiversity, genetic characterization and conservation of
important sheep and goat breeds of arid zone and integrated national agricultural resources information system
related activities are performed.

ii. ICAR’s SRC project at NBAGR, Karnal

In this programme, characterization and establishment of genetic relationships among various breeds of sheep using
microsatellite markers were performed.

iii. Network project on animal genetic resources at NBAGR, Karnal

The project aims at genetic characterization and conservation of indigenous breeds of livestock and poultry. The
project has been in operation since 8" plan involving various agencies such as SAUs, State AH Departments with
the coordinating unit at NBAGR. Two core laboratories stationed at TNUVAS, Chennai and GAU, Anand were
identified to carry out the genetic characterization/distancing work based on microsatellite markers for the southern
and western zones, respectively while, NBAGR was identified to cater the needs of the northern zone.

iv. Network project in sheep improvement at CSWRI, Avikanagar

There are five farm based cooperating units and two fields based cooperating units of project in addition to project
coordination cell situated at CSWRI, Avikanagar. The breeding policy for Network project in sheep improvement
is selective breeding in indigenous breeds.

5. Future Concern

The efficient conservation programmes should use available monetary or non-monetary resources in such a way
that the conservation objective is maximized. The questions to be answered while conserving FANGR are: 1) For
which breeds within the species under consideration should conservation programmes be implemented 2) What
share of the total conservation budget should be allocated to each of the chosen breeds and 3) Which conservation
programmes should be implemented for any chosen breed. The first step toward an efficient conservation strategy
for domestic livestock is the proper characterization of the conservation value of the different breeds and of the wild
relatives. This step relies on genetic technologies, and we can be optimistic at that level according to the current
revolution in these approaches. However, the implementation of the subsequent steps is more puzzling, as
conservation strategies for farm animal genetic resources must integrate economical, sociological, and political
parameters.

Conclusion

Traditions and cultural values are important driving forces for conservation. The erosion of genetic resources has
been clearly documented for farm animals and within few decades, we might lose most of the highly valuable farm
animal genetic resources that humanity has gradually selected. Urgent conservation measures must be taken to avoid
such an irremediable loss. Various approaches have been tried for conservation of FAnGR. In vitro methods provide
an important back-up strategy when in vivo conservation cannot be established or cannot conserve the necessary
population size. It may also be the only option in the case of emergencies such as disease outbreaks or wars. Recent
advances in instrumentation and biotechnology results into the development of the next generation DNA sequencing
technology, it will be possible to resequence whole genomes and to properly assess the genetic diversity and the
conservation value of the different breeds, avoiding the ascertainment bias due to the use of microsatellites or single
nucleotide polymorphisms. The development of genomic tools will allow optimizing the breeding strategies for
ensuring the improvement of performance together with the preservation of genetic diversity.
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